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Abstract

:

Integration of advanced irrigation systems and technology is essential to improve crop water productivity and yields, especially in developing countries. This study aims at investigating the effects of adopting a drip irrigation system combined with hand-dug wells on crop water productivity and yields of household farmers and their perception on the proposed scheme over two cropping seasons in the Haramaya District, Ethiopia. We chose three locally called “Kebeles” within the District, and selected a certain number of household farmers that had similar characteristics within each Kebele. The selected farmers had practiced both the proposed drip irrigation with private hand-dug wells water supply (intervention pilots) and traditionally-used surface irrigation with communal water supply (non-intervention pilots) schemes. We also conducted interviews with the selected household farmers, personal observations, and measurements on crop water productivity and yields for both intervention and non-intervention pilots. We found that the proposed drip irrigation system significantly improved the crop productivity and yields of the farmers. More importantly, findings indicated that the use of drip irrigation system combined with hand-dug well water supplies reduced the over-exploitation of water (water savings) and labor-intensive manual-irrigation. The latter particularly helped women to work less on their farm works and thus provided them a flexible system to expand their plot sizes and grow a variety of crops. Overall, the drip irrigation system with water supply from hand-dug wells is highly recommended as it allows a flexible system for household farmers and provides an opportunity to expand their plot sizes with a variety of crops, which is also expected to mitigate the negative implications of climate change on freshwater water resources and crop productivity. However, the farmers of the Haramaya District expressed their need on capacity building, financial and technical supports from local to regional governments and other agencies to ensure an efficient and cost-effective drip irrigation system and to further improve their crop water productivity and yield, food self-sufficieny, and livelihoods. It is also important to consider market-based farming approaches, while promoting efficient irrigation systems and self-supply to ensure quick investment returns. This study recommends to adopt and expand the proposed drip irrigation system at household levels in Sub-Saharan and other similar regions.
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1. Introduction


The global population has already reached about 7.8 billion, of which Africa accounts for about 17%, and this number is predicted to reach about 10 billion by 2050 [1,2]. This continued increase in population growth, combined with urbanization and climate change, has already put pressure on existing freshwater resources, agricultural productivity, and food security systems of the globe [1,2]. In addition, climate change, driven by anthropogenic factors, is expected to impact riparian freshwater resource availability, ecosystem services, and socioeconomic and other environmental benefits [3,4,5,6]. However, the impacts have been expected to vary both spatially and temporally, which depend on socioeconomic, geographic, technology, culture, governance, and other environmental factors [3,7,8]. Consequently, there is a need for timely agricultural intervention to support the livelihood of the people that have been particularly affected by the frequent occurrence of water scarcity due to population growth and climate change [9,10]. This is especially a more prominent problem in developing countries, such as Ethiopia [11,12,13]. For example, the recent drought and flood occurred for the period from 2015 to 2016 in Ethiopia left over 10.2 million people without access to adequate food, which classified about one-quarter of all the Ethiopian Districts under severe food security and nutritious crisis [11]. Given the extreme climatic conditions of the country, Ethiopia has been experiencing a noticeable fluctuation in seasonal, spatial, and temporal variability of rainfall, including its amounts [14,15]. While rainfall change and irrigation water use are important factors that directly influence crop water productivity and yields, it has been highly acknowledged that other factors, such as soil nutrients and water storage, socio-economics factors, farming system, landscape, and farmers’ perception, play significant roles on modern agricultural development [16,17,18].



Climate change affects the ecosystem services and domestic and agricultural water uses, as well as crop water productivity [3,19,20]. However, Bailey et al. [21] reported that implementing proper management of water resources might help to reduce the effects of climate change. Climate change generally affects the hydrological cycle processes and its components, such as groundwater recharge and base flows, surface runoff, and evapotranspiration, including human activities and agricultural practices, and natural ecosystem functioning [5,22]. Additionally, climate change can affect the biogeochemical processes, saltwater intrusion and freshwater quantity and quality, especially in coastal areas [22,23]. The impacts of climate change on freshwater resource availability and communities’ livelihood have been well documented worldwide [24,25]. Therefore, several researchers have proposed to use innovative technologies, such as enhanced irrigation system to minimize the effects of climate change on crop water productivity and yields [26,27,28]. Moreover, such technologies are expected to reduce gender-sensitive issues related to agricultural practices, particularly in developing countries like Ethiopia [29,30].



The poor farmers of Ethiopia, who are largely dependent on rain-fed agricultural systems for their livelihoods, have been mostly affected by climate change [6,31]. There has been limited utilization and application of modernized agricultural techniques in Ethiopia, which is mainly due to the lack of stakeholders and beneficiary farmers participation [32,33,34]. While this has been happening worldwide, it has become apparent that such recurrent problems in Ethiopia have been more intensified, reaching the point that the Ethiopian people cannot address their problems by depending on the traditional food aid and emergency response actions [35,36]. Instead, the local, regional, and federal governments of the country yet need to search for localized, regionalized and large-scaled sustainable solutions and alternative water harvesting methods in order to eradicate food insecurity and mitigate the impacts of extreme climate conditions and change. However, Dile et al. [37] documented that a water harvesting implementation and mitigation measures to climate change require extensive studies that include socioeconomic analysis, available freshwater resources assessment, and stakeholder involvement among others so that sustainable water use and food security can be achieved.



Other input factors required for climate change mitigation and food security is the integration of a gender-based analytical framework, which aims at examining gendered-related outcomes for collective and transparent governance within a small-scale irrigated agriculture scheme [38]. This is of interest in Ethiopia as gender-specific analysis and effects have not been well incorporated and developed in irrigation development and crop productivity system of the country. This should be well understood and designed, and should tailor the participation of agricultural extension programmers both from female and male farmers, and it is expected to overcome gender-related and cultural limitations for irrigation system development in Ethiopia [30,38]. Not only stakeholders’ participation and improving governance but also the use of advanced and innovative agricultural technologies have been highly recommended to enhance the agricultural productivity of Ethiopia [39,40].



Previous studies have generally stated that Ethiopia needs to double its current cereal crop production by 2025 to meet the food security and self-sufficiency of its rapidly growing population [15,41]. In addition, according to the second Ethiopian Growth and Transformational Plan (EGTP) of the period from 2015 to 2020, the government needs to intensify the current agricultural production by increasing the size of arable and irrigated lands [42]. To achieve this demand and secure food self-sufficiency, there is a need to review the current chain of agricultural practices of the country [15,43]. Furthermore, irrigation has received attention as a means for supplementing the rain-fed farming system and improving agricultural crop productivity of the Ethiopian farmers. For example, the EGTP has envisaged a 60% increase in irrigation systems by 2020 [42,44].



While Ethiopia has already planned to expand its irrigable land and increase crop productivity, modern irrigation systems application such as drip irrigation have not yet been widely practiced in the country, particularly at household levels [45,46]. However, creating opportunities to provide access to enhanced irrigation systems and improving irrigation water storage and supply systems have already proven to be an efficient and essential transformation approach to achieve enhanced and sustainable crop water productivity and yields elsewhere [32,45,46]. The drip irrigation system, one of the advanced irrigation and efficient ways of reducing water losses through evaporation during irrigation water application, has been widely recognized for enhancing crop water productivity and yields [6,45]. In addition, the improvement of irrigation systems and agricultural production is vital for sustainable financial development especially in sub-Saharan countries, such as Ethiopia [8,14,47]. For example, Jovanovic et al. [48] reported that crop yields increased by up to eight times with the use of appropriate innovative farming practices and irrigation technologies by small-scale farmers in Ethiopia, South Africa, and Tunisia. Such intensive and innovative farming systems combined with innovative technology transfer and capacity building are viable strategies to secure efficient scarce water utilization and food supplies for farmers and rural communities in Ethiopia and other developing countries [48,49]. However, while agriculture is the backbone of Ethiopia, such innovative agricultural farming and irrigation water saving systems have not been widely recognized and practiced, especially at household farmers [6,31,50]. In the past, although there have been a few attempts to introduce and promote water harvesting techniques for supplement irrigation of the rural farmers, the applications have largely failed due to lack of a customized approach, stakeholder involvement and knowledge transfers, good governance and practices, and use of modern communal irrigation systems [50,51,52,53,54]. In addition, if the current soil erosion and depletion of shallow wells in Ethiopia continue at the present rates, the groundwater levels are predicted to significantly lowered to a level where it requires a more advanced motorized drilling and pumping systems, which is beyond the capacities of current household farmers [51,55,56]. Therefore, it is necessary to develop strategies for watershed rehabilitation and improve water utilization and management of Ethiopia.



In Ethiopia, there have been no studies that assess and document the implications of introducing drip irrigation system and private hand-dug wells as irrigation water supply on crop water productivity and yields at household levels, especially in the eastern region of the country where water shortage is mostly prevalent. Hence, it is of interest to evaluate and compare the traditionally used surface irrigation system with the advanced drip irrigation system combined with a private hand-dug well for irrigation water supply in the eastern part of the country. Consequently, this study has selected the Haramaya Woredas, hereafter referred as District, from the eastern region of Ethiopia. Within the District, we selected three Kebeles that include Adelle, Damota, and Finkile. These Kebeles were selected because they have used drip irrigation systems combined with irrigation water supplies from hand-dug wells but it has been reported that the irrigation systems have often faced serious problems on infrastructural and institutional governance, and management systems [56]. Additionally, there has been little investment to conserve the watersheds in order to enhance groundwater and increase groundwater supply for irrigation water use [51,56,57,58]. In recent years, there has been nationwide watershed rehabilitation and conservation initiative programs to conserve water and soil and improve watershed freshwater resources and irrigation water supply [32,33,58]. However, problems related to institutional, infrastructural, and management aspects to irrigation systems have largely remained and unsolved yet [28,59,60,61]. This study utilized the three selected kebeles as case studies where the aforementioned challenges prevail at the farm and watershed levels of the study areas. For example, over-exploitation of water from the Haramaya Lake and groundwater in the lake’s buffer zone has caused a significant decline in the lake’s volume. This has eventually resulted in the drying out of the lake especially during the long dry seasons. Land degradation has also been further contributing to soil erosion and thus sedimentation of the lake. Moreover, gender parity and climate change have also had fundamental influences on the selected kebeles. Therefore, the objective of this study was to see the effects of adopting drip irrigation with a hand-dug well water supply scheme on crop water productivity and yields, including geneder-sensitive issues, in Adelle, Damota, and Finkile kebeles of the Haramaya District, East Hararghe Zone, Ethiopia.



The remaining parts of the paper are organized as follows. Section 2 provides the materials and methods used in this study. Section 3 presents results with a discussion, followed by conclusions and recommendations provided in Section 4.




2. Materials and Methods


The study area is situated inside the Lake Haramaya watershed, East Hararghe zone, Oromia region, Ethiopia (Figure 1). The total area of the watershed is 5032 ha, of which the Lake Haramaya covers about 226 ha [62]. While 70% of Haramaya District’s climate falls under what is locally called “Woina Dega” (wet and cool), the remaining 30% experience “Kolla” (dry and hot). The area receives a bimodal rainfall type with a mean annual precipitation of 751 mm [62]. According to Muleta et al. [50], the dry period that extends from October to January receives less than 30 mm of rain per month. December is the driest month of that period and only receives 9 mm of rain. For the wet season (February to September), February and March receive a rainfall amount of 37 mm and 67 mm, respectively. August is the wettest month of the wet season with a rainfall value of 144 mm [51].



The major land-use types in the study area are farmland (78.3%), grazing land (7.6%), settlement (4.5%), shrub (4.6%), swamp (4.5%) and forest (0.6%). The Lake Haramaya watershed area is endowed with groundwater and thus there are several shallow wells within the watershed. The major crops grown in the area are sorghum and maize, including staple grains. Farmers close to the lake develop shallow wells for irrigating Khat or Chat and other vegetables (lettuce, carrot, onion, tomato and cabbage) [62,63]. The livelihood of the community in the Lake Haramaya Watershed is predominantly based on farming and livestock rearing [63]. However, the majority of the population lives under the poverty line. Consequently, some proportion of the populations are dependent on food aid that lasts for 3 to 6 months per year. Therefore, food security is a major issue particularly in the years of droughts. As the area does not have significant problems related to access to the market, the farm products, such as livestock, Khat, sorghum and vegetables are sold at nearby local markets.



Methodology


A preliminary visit was carried out to all kebeles in the Haramaya District to select the pilot kebeles and smallhold (household) farmers to participate in this study. The three kebeles were selected based on their climate and hydrology (Table 1). The three selected kebeles have a high-groundwater table that can be easily accessed by manual excavation (hand-dug well). Such systems can also quickly recharge the hand-dug wells with an annual rainfall amount of ≥500 mm [64] and thus facilitate easy water harvesting practices. The selected kebeles were spatially distributed in the Haramaya District instead of concentrating on one District, for two main reasons: (1) to take into account for environmental factors (e.g., soil, slope, and rainfall) in the different areas of the District and (2) to investigate if the proposed irrigation technology could be applied to different kebeles of the District so that the method can be up-scaled to other similar kebeles within the District and elsewhere with similar characteristics.



Representative farmers were selected from each of the three selected kebeles (Table 1) based on selection criteria and slight modifications methods used in other studies [38,56]. The criteria included (i) willingness to be the first to adopt the proposed irrigation technology, (ii) presence of males and females as farm leaders, (iii) condition of small-scale farmers (households) and, (iv) availability of a local person to support the farmers who don’t have financial possibilities and need economic support. It should be mentioned that although irrigation has been practiced in the area, drip irrigation was found to be new to most of the selected farmers. Therefore, on-farm training was needed and organized to raise awareness about the efficiency of drip irrigation system, development of private water sources, such as from shallow wells that should focus on the portion of the household’s land, farm investment, and environmental conservation program for all selected household farmers of the three selected kebeles. This has been considered either for the pilot or non-pilot household farmers.



Once household farmers were selected for the three kebeles as shown in Table 1, drip irrigation systems, which are reasonably affordable to the household farmers, were provided to the farmers through projects [14,65]. The application of modern and drip irrigation systems was demonstrated to the farmers. The selected household farmers were trained in the development of a hand-dug well and water lifting schemes. They were also given exercises on the installation and management of the irrigation kits and water lifting systems. Ten drip irrigation pieces of equipment and water lifting schemes were installed in 10 household farms. Farmers excavated wells on their own and/or in collaboration with other farmers. Considering the hydrology and pre-existing irrigation practices in the area, hand-dug wells were selected as sources of self-provided water supply system for the farmers.



After providing training to the selected farmers on constructing hand-dug wells and water-lifting schemes, we continuously monitored and checked if the farmers had correctly constructed their own hand-dug wells and water-lifting systems. Then, drip irrigation kits were distributed to them. The drip irrigation kits were provided by the project and the emitters were selected through a group discussion that is mainly focused on the need of farmers as well as their cost-effectiveness. Drip irrigation installation was carried out with support from the District’s water technicians and kebele’s development agents. Farmers were also trained on the management and use of the drip irrigation kits. At the same time, fifty household farmers were selected from the three selected kebeles as a control, whereby the new drip irrigation and water-lifting schemes were not adopted.



Once the irrigation and water supply systems were successfully implemented, various data, such as crop yield, Y (ton/ha) and water productivity (WP) were collected for the selected household farmers. WP was estimated as the ratio between the crop yield and the amount of irrigation water used to irrigate the crops (potatoes, carrots, garlic, onions, cabbage and maize) [44,54]. We simultaneously created a group discussion to get perception and general acceptance of the new drip irrigation and self-provided water supply schemes. Additionally, we performed interviews for data collection using formulated questionnaires. We conducted interviews and focus group discussions with the kebele leaders, farmers’ representatives, representatives of agricultural development workers and stakeholders. We also held a focal group discussion was in the three kebeles of the pilot study areas (Damota, Finkile and Adele). We selected a total of 60 respondents, 20 from each kebele (Table 2). Ten of the total respondents were intervention/pilot smallhold farmers (those used proposed drip irrigation and hand-dug wells for irrigation water supply schemes), while 50 were non-intervention (non-pilot) household farmers (Table 2). We carried out the study for both the intervention and non-intervention households of the selected three kebeles. It should be noted that the non-intervention household farmers had similar socio-economic status and farm size to the intervention household farmers. We used such approaches to collect data from farmers with similar characteristics and for the easy comparison of the results.



We carried-out comparative analysis to investigate the productivity between the pilot and non-pilot farmlands. We measured the productivity as yield divided by irrigation water applied during the growing season assuming all other factors, such as the use of fertilizers, seed type, and farm management to be similar. We compared the results obtained from the pilot household farmers with those of the non-pilot household farmers. We also used interviews and focus group discussions to evaluate the perception and acceptance of farmers to the newly introduced self-supply water and drip irrigation systems.





3. Results and Discussion


3.1. Respondent Characteristics


In order to provide insight into the characteristics of the respondents, we collected some background information about the smallhold farmers (respondents) using questionnaires. Figure 2 presents a graphical plot of the gender classification of the farm leader of the household farmers. The figure also presents the literacy classification of the farmers—whether they can read and write, and the age group classification across the three selected kebeles.



The household composition of respondents in the three kebeles is similar, with small variations in literacy level. Damota had the highest percentage of literate farmers (Figure 2), which is attributed to its proximity to Haramaya town that has more schools than other parts of the District. Male farmers lead most of the household farms with the majority of the respondents being in the age range of 15 to 65 years (Figure 2). According to the respondents, widows led all the female-led household farms.




3.2. Farmland Characteristics


The study revealed that 87% of the respondents own their farmland. The average size of the farmlands of the household farmers is 0.5 hectares. The majority of the respondents (67%) stated that their farm sizes are small, such that it does not meet their household demands. Consequently, it is insufficient to grow enough crops for their household consumption and to generate income. They also complained that their farm sizes also decrease with time because of land division among the family members. Considering their land fertility for crop production, 86% of the respondents rated their lands as moderately fertile, while 14% of them rated their land as slightly degraded. We also asked the farmers to rate the trend of production in the past 10 years. Figure 3 shows the crop production trend for the three kebeles. The majority (54%) of the total respondents reported a decline in crop yields; 39% reported steady crop production and only 7% of the respondents reported an increase in production. The major causes for the declining trend in crop yields, as identified by the respondents, are presented in Figure 4. Some of the main causes include a shortage of supplementary irrigation water sources, lack of draught oxen, deterioration in soil fertility, and drought and shortage of cultivated land, which are in agreement with the previous studies [28,46].



The respondents, however, stated that they apply different mechanisms to enhance their crop productivity based on their own knowledge gained through experience and the support of the kebele’s development agents. For example, in order to improve their land and crop productivities, they also practiced crop rotation, composting, and fallowing (Figure 5). Figure 5 clearly shows that crop rotation was the most preferred method of enhancing the productivity of the farmlands for all the three selected kebeles.



Additionally, while farmers from the Finkile Kebele favored cropping their land once in a year, farmers of the Damota and Adelle Kebeles favored growing their crops two or more times a year (Figure 6). However, none of the farmers changed the use of their land from farming to other forms of land utilization. This is because it is their source of livelihood. Consequently, they strive to cultivate their land even under challenging situations.




3.3. Irrigation Practices


Of the surface and drip irrigation methods used in the study areas, the conventional irrigation system is surface irrigation with buckets and small canals (Figure 7). The main sources of water used for their irrigation are communal shallow wells (62%) and rain (38%). In addition, Figure 7 shows that the household farmers rely more on groundwater for irrigating their farms than surface water. However, we noticed that some of the farmers at the Haramaya District use a combination of groundwater and rainwater harvesting to irrigate their crops.



Farmers store surplus rainwater on the farm by constructing traditional small ponds locally called Ellas and use that water as a reserve in case the rain stops before crops maturity or for their homesteads irrigation. This practice also fills the gap in rainfall deficiency throughout the rainy season by conserving water on farms or close to farms. The stored water is usually used to manually irrigate crops, which include potatoes, carrots, garlic, onions, cabbage and maize. These are crops consumed at the household levels and used to generate income (if there is surplus production). Overall, the newly introduced drip irrigation with a hand-dug well water supply systems to the pilot farmers gave them assurance of a more regular water supply and enough distribution of water, which even helped them to cultivate more crops during the dry period.




3.4. Crop Water Productivity and Crop Yield


Figure 8 illustrates the effect of the application of a drip irrigation system on agricultural production for both intervention and non-intervention pilots of the study area. For both pilots, the crop yield and water productivity were measured for the period of once a year out of two cropping seasons. The crops were irrigated using a surface irrigation system from communal wells for the 50 non-pilots, and drip irrigation and hand-dug wells systems for the 10 pilots. While we carried out the analyses for all crops grown at the three selected kebeles, we only present and demonstrate the new irrigation intervention impacts on potato yield, which has been commonly practiced by the farmers.



Compared to non-intervention farms, more water for irrigation is available in the intervention farms, which is mainly due to the use of private hand-dug wells and drip irrigation systems. Additionally, the availability of a private supplementary water source encouraged the farmers to irrigate their crops regularly and effectively with the drip irrigation system. The latter also ensured efficient irrigation water use and uniform distribution of water to all the grown crops. The introduced drip irrigation system was able to uniformly distribute the water for about 65% of the farmland. Thus, it resulted in a general increase in the quantity of crop production. Figure 9 presents the crop yields (by weight) monitored before and after the deployment of drip irrigation, whereas Figure 10 reports yield differences compared to the non-intervention farms. Figure 10 clearly indicates that the newly introduced drip irrigation system (intervention) increased yields by 56 to 120% for all crops (except maize) compared to the traditional (non-intervention) farming system. The findings generally indicate that the adoption of drip irrigation and the provision of hand-dug wells to the household farmers significantly improved their crop yields and potentially influenced their food self-sufficiency. This in turn can potentially help the household farmers to generate more incomes and improve their livelihoods.




3.5. Farmers’ Perception on the Drip Irrigation and Self-Provided Water Supply Schemes


Group discussion and interviews with the household farmers identified the perception of the farmers to the newly introduced drip irrigation and hand-dug wells water supply systems. Results indicate most of the respondents (76%) developed an awareness of the efficiency of drip irrigation system from the initial on-farm training and its benefits. This result is in line with the previous studies done in other part of Ethiopia [32,45,46]. More importantly, most of the farmers showed their interest because the new intervention helped to efficiently use irrigation water, save their working hours in the field and minimize the workload of women, which have been prone to gender-sensitive [38,47,66]. Farmers also responded regarding the easy use of the adopted irrigation system, while it provides efficient management of irrigation water use and improves their crop yields. This is consistent with previous studies on sustainable water management and an increase in crop water productivity [48,55,67].



Further analysis of the affordability of the drip irrigation system indicated that the majority (71%) of the respondents rated the drip irrigation system as affordable, and the remaining 29% considered as unaffordable without getting any subsidy. Respondents showed a preference for drip irrigation kits with barrel drums and triddle pumps than the traditional buckets and washer pumps because of their more comfortable operation and maintenance. Furthermore, most of the respondents (77%) showed a preference for self-supply or private water sources (hand-dug wells) over public sources (communal ponds). The farmers had also expressed their interest in the use of the private water sources over the communal water supply sources as the private source provides more privacy and control with water utilization and distribution and and thus avoids water conflicts. The remaining 23% manifested their preferences for the shared water source. Overall, the majority of the farmers showed a positive perception on the introduced drip irrigation system compared to the traditional irrigation system. However, at the same time, the farmers also pointed out somechallenges related to drip irrigation systems, such as lines and hand-dug wells maintenance, lack of access to drip irrigation kits in the local markets, updates and skills related dirp irrigation system implementation, and the need for financial investments. This clearly highlights that the introduced irrigation and hand-dug water supply schemes need technical and financial supports from local to federal governments and agencies to maintain the introduced drip irrigation systems and further improve the livelihoods of the rural farmers and communities.





4. Conclusions and Recommendations


This study assessed the impacts of adopting drip irrigation and private hand-dug well irrigation water supply schemes on crop water productivity and yields compared to the traditional surface irrigation and communal water supply schemes. We applied this study at the household level with selected household farmers from three selected kebeles of the Haramaya District, which is located in the eastern part of Ethiopia. We found that the newly introduced drip irrigation combined with supplementary water sources from hand-dug wells significantly improved the crop water productivity and yields of all the household farmers, compared to the traditional surface irrigation and communal irrigation water supply schemes. The new method also helped to reduce over-exploitation of irrigation water use, the amount of labour and time needed to irrigate their crops, and stress and workload on women, including providing them a more flexible system to increase their farm size and grow a variety crops. Furthermore, farmers showed higher acceptance of the adopted drip irrigation system and private water sources than traditional irrigation and communal water supply systems, which is promising to upscale the new irrigation technology to the other kebeles of the Haramaya District. Overall, this study clearly showed that a newly drip irrigation system coupled with the utilization of hand-dug well water supply schem outperformed the traditionally applied irrigation system and communal water sources, to improve crop water productivity and yields at household levels. Although the majority of the selected household farmers showed a positive perception on the use of the new drip irrigation and water supply schemes, they have had concerns about their financial capabilities and skills to further invest and maintain the adopted irrigation technology. Therefore, the farmers need financial and technical skills supports, collaborations, and participations from different stakeholders and sectors such as the government, non-governmental organizations, farmers’ associations and other relevant agencies. In addition, we also noticed that enhancing a capacity building and access to market places for the household farmers are clearly needed for efficient and cost-effective use of the introduced drip irrigation systems and improvement of crop water productivity and yields of the selected farmers.



In general, we concluded that the introduced drip irrigation supplemented with the hand-dug well water supply schemes were proved to have potential benefits, improve the livelihoods and motivate the acceptance by the selected household farmers and elsewhere with similar characteristics. However, this study has some limitations that need to be addressed in future studies. These include considering other factors such as socio-economic and biophysical characteristics (soil types and depths, nutrient availability, landscape, rainfall patterns) and other environmental factors, which are particularly expected to affect the perception of household farmers on the introduced drip irrigation system.
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Figure 1. Location of the study area, the Lake Haramaya Watershed, Ethiopia Source: Elaborated by the Authors. 
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Figure 2. Background information of respondents used for this study. Source: Elaborated by the Authors. 
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Figure 3. Crop yield trend within the last 10 years of the three selected kebeles of the Haramaya District (Source: Elaborated by the Authors). 
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Figure 4. Causes of crop yields decline in the past 10 years of the three selected kebeles of the Haramaya District (Source: Elaborated by the Authors). 
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Figure 5. The measures taken by the farmers of the three kebeles post-crop ( Source: Elaborated by the Authors). 
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Figure 6. The frequency of crop cultivation in the three kebeles of the Haramaya District (Source: Elaborated by the Authors). 






Figure 6. The frequency of crop cultivation in the three kebeles of the Haramaya District (Source: Elaborated by the Authors).



[image: Joitmc 06 00096 g006]







[image: Joitmc 06 00096 g007 550] 





Figure 7. Types of irrigation systems practiced in the three selected kebeles of the Haramaya District (Source: Elaborated by the Authors). 
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Figure 8. A comparison between intervention and no-intervention plots (Source: Elaborated by the Authors). 
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Figure 9. Types of crops grown in the three selected kebeles of the Haramaya District (Source: Elaborated by the Authors). 
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Figure 10. Mean percentage increment in crop yields of household farmers (intervention pilot) compared to non-intervention pilot (Source: Elaborated by the Authors). 
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Table 1. Selected kebeles and number of smallhold farmers for the intervention around Haramaya.
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	Kebele
	Number of Smallhold Farmers





	Damota
	4



	Finkile
	3



	Adelle
	3



	Total
	10







Source: Field data of the research.
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Table 2. Distribution of smallhold farmer’s respondents.
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	Kebele
	Intervention Smallholder Farmers
	Non-Intervention Smallholder Farmers
	Total Farmers





	Damota
	4
	16
	20



	Finkile
	3
	17
	20



	Adelle
	3
	17
	20







Source: Authors elaboration for field experiment of the research.
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