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Abstract	
Competition for water resources has become stiffer due to the rapid growth of population, industrialization and urbanization. Rainwater harvesting and drip irrigation are possible interventions to enhance crop performance in Arid and Semi-Arid Lands. The purpose of this research was to determine the influence of costs associated with drip irrigation on adoption of the technology among small-scale farmers in Kitui County, Kenya. Specifically, the study focuses on initial investment costs and operational costs associated with drip irrigation. The study employed a descriptive exploratory research design targeting farmers in Kitui County. Through probability sampling, 120 farmers were sampled, with 60 farmers using drip irrigation and another 60 not using the technology. Data was collected using a survey questionnaire. The data was analyzed using descriptive statistics and inferential statistics specifically the t-test. The study found that perceived costs of adopting drip irrigation and operational costs were significant determinants of adoption among small-scale farmers in Kitui County. Farmers who had adopted drip irrigation found the associated costs more manageable than those who had not. The study findings suggest that efforts to reduce costs could significantly improve adoption rates. The study thus recommends that financial assistance programs, such as subsidies or low-interest loans, be developed to help farmers manage the initial investment costs of drip irrigation systems.
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Introduction
In rain-scarce regions like Kitui County, where water availability is a limiting factor, the adoption of water-efficient irrigation technologies becomes crucial. Drip irrigation has emerged as a promising and sustainable solution to address water scarcity challenges in agriculture (Nikolaou, Neocleous, Christou, Kitta & Katsoulas, 2020). Unlike traditional irrigation methods, such as flood or furrow irrigation, which can result in water wastage and inefficient water distribution, drip irrigation delivers water directly to the root zone of plants in a controlled and precise manner. This method not only conserves water but also enhances nutrient absorption by crops, reduces weed growth, and minimizes soil erosion.
Drip irrigation offers significant benefits for small-scale farmers in rain-scarce regions like Kitui County by efficiently using water resources, delivering water directly to plant roots, and minimizing losses due to evaporation and runoff. This method promotes sustainable agriculture by conserving water, maintaining soil health, and preventing issues like waterlogging and nutrient leaching (Karimzadeh, Hartman & Chiarelli, 2023). Additionally, drip irrigation systems are adaptable to various crop types and farm sizes, making them versatile for diverse agricultural practices (Rajagopal, 2017). Research by Hussain and Hanjra (2004) found that irrigation plays a significant role in poverty alleviation by enhancing agricultural productivity, reducing crop failure risks, and enabling smallholders to shift to high-value market-oriented farming, with both direct household-level benefits and broader economic growth effects. These advantages, including increased yields, improved crop quality, and reduced reliance on erratic rainfall, make drip irrigation an important tool for enhancing the resilience of small-scale farmers to climate-related challenges. 
Despite the benefits of drip irrigation, the widespread adoption of this technology among small-scale farmers has been shown to face several barriers. Understanding these barriers is crucial for developing targeted interventions and policies that can facilitate the successful integration of drip irrigation in the agricultural practices of small-scale farmers. While a number of barriers can be identified, this paper specifically focuses on the costs associated with drip irrigation, encompassing initial investment costs and operational costs.  In one study conducted in China, Yang, Wu and Cheng, et al. (2023) found that one of the primary barriers to the adoption of drip irrigation by small-scale farmers is the initial investment cost. Drip irrigation systems often involve purchasing specialized equipment such as pipes, emitters, filters, and pumps. The financial burden of acquiring these components can be prohibitive for farmers with limited capital. In addition to initial costs, the operational expenses associated with drip irrigation, including maintenance and purchase of consumables, contribute to the overall financial burden (Ali, Xia, Jia & Faisal, 2020). Research conducted by Yang et al. (2023) highlighted that ongoing expenses related to system maintenance, energy requirements, and consumables contribute to the overall financial burden for farmers. The sustainability of drip irrigation adoption is contingent on the ability of farmers to cover these operational costs efficiently.
In Kitui County of Kenya, characterized by semi-arid conditions and recurrent water scarcity, small-scale farmers face challenges in sustaining agricultural activities (Nyaga, 2019). The region heavily relies on rainfed agriculture, subjecting farmers to the uncertainties of irregular rainfall patterns. The resulting subsistence farming practices exacerbate vulnerability to climate-induced shocks, impacting both crop yields and household incomes (Mutunga, 2022). This study aims to establish how initial investment and operational costs affect adoption of drip irrigation among small-scale farmers in Kitui County, Kenya.
Statement of the Problem
In Kenya’s semi-arid regions such as Kitui County, small-scale farmers largely rely on rainfed agriculture, which exposes them to significant risks due to irregular rainfall patterns and persistent water scarcity. These climate-induced challenges adversely affect crop yields, livelihoods, and food security in the region. Drip irrigation can provide sustainable solutions to address water scarcity challenges for successful agriculture in such regions. However, despite the proven benefits of drip irrigation in optimizing water use and enhancing agricultural productivity, its adoption among small-scale farmers in Kitui County remains limited. The primary issue lies in the inadequate integration of drip irrigation technology, which could otherwise serve as a vital tool in addressing the region’s water-related agricultural challenges. This study seeks to establish the influence of initial investment costs and operational costs on the adoption of drip irrigation in Kitui County. Understanding these obstacles is essential for developing targeted interventions that can support the successful implementation of drip irrigation, thereby improving the resilience of small-scale farmers to climate variability and contributing to sustainable water management and food security in Kitui County.
Objective of the study 
The objective of this study was to establish how costs associated with drip irrigation, including initial investment and operational costs, influence adoption of the technology among small-scale farmers in Kitui County. 
1.3 Research hypothesis
H0:	The costs associated with drip irrigation have no significant effect on adoption of the technology by small-scale farmers in Kitui County.
Literature Review
This study was guided by the Diffusion of Innovation (DOI) Model, which explains how new technologies and practices spread within a social system. Rogers (2003) posited that the adoption of an innovation follows a process involving knowledge acquisition, persuasion, decision-making, implementation, and confirmation. In the context of drip irrigation, small-scale farmers navigate these stages while assessing factors such as affordability, perceived benefits, and ease of use. Financial constraints play a critical role in determining whether farmers progress beyond the initial awareness stage to eventual adoption. Given the capital-intensive nature of drip irrigation, the DOI model (Rogers, 2003) provides a useful framework for understanding how financial barriers influence farmers' decision-making and the overall diffusion of this technology in resource-constrained settings like Kitui County.
The adoption of drip irrigation systems among small-scale farmers is directly linked to the financial challenges they face, with several studies highlighting the substantial economic implications of both initial investment and ongoing operational costs. Wainaina (2021) underscored that the high upfront costs of purchasing and installing drip irrigation infrastructure often serve as a significant barrier to adoption. These initial investments include purchasing essential equipment such as pipes, tanks, pumps, and drip tapes, which constitute a substantial financial burden for resource-constrained smallholder farmers. The low uptake of drip irrigation can, therefore, be largely attributed to these high initial infrastructure costs.
Supporting this view, Serote, Mokgehle, and Senyolo (2023) emphasized that the capital-intensive nature of drip irrigation technology poses a considerable deterrent to its adoption, particularly in settings where financial resources are limited. The delay in return on investment, as noted by Sinha (2020), further impacts farmers’ willingness to embrace drip irrigation, as they must bear the costs of procurement, installation, and infrastructure development long before reaping the benefits. The costs involved in acquiring drip lines, emitters, filters, and other essential components significantly add to the financial burden for these farmers.
Beyond the initial costs, operational expenses associated with drip irrigation systems further contribute to the financial challenges faced by small-scale farmers. Ali, Xia, Jia, and Faisal (2020) noted that ongoing expenses related to system maintenance, energy requirements, and consumables add to the overall financial burden, affecting the sustainability of drip irrigation adoption. Yang et al. (2023) similarly highlighted the significance of these operational costs, which extend to regular checks, repairs, and the replacement of components, necessitating continuous financial commitments from farmers.
While the water efficiency benefits of drip irrigation are widely recognized, Wang et al. (2021) pointed out that farmers must carefully weigh these advantages against the recurring operational expenses. To enhance the economic viability of drip irrigation adoption, it is crucial to develop strategies that address not only the initial costs but also the long-term operational expenditures. Given that the benefits of drip irrigation often outweigh the associated investment costs, ensuring that farmers have access to affordable credit for the procurement of this technology is essential for promoting wider adoption among small-scale farmers.
In response to these challenges, some researchers have proposed innovative approaches to alleviate the initial financial burden on small-scale farmers and incentivize the adoption of drip irrigation. Strategies such as subsidized equipment or financial support mechanisms have been suggested as ways to reduce the barriers to entry for farmers. However, even with subsidies in place, uptake can remain low. For example, Malik, Giordano, and Rathore (2018) found that despite substantial efforts by governments, donors, and NGOs to subsidize the costs for smallholder farmers in India, the adoption of drip irrigation technology remained low. In this study, the aim was to find out whether initial costs and operational costs influence adoption of drip irrigation among small-scale farmers in Kitui County, Kenya. 
Materials and Methods
Study location
The study was carried out in Kitui County, Kenya. The county has distinct agro-climatic zones receiving varied rainfall amounts that determine the type of livelihood adopted, potential hazards among others. The rainfall amounts range from minimum of less than 250mm in drier zones to more than 400m, but not exceeding 500mm (Kitui County Meteorological Office, 2021). Topographically, the characteristics of these zones are as follows: Very Arid zone VI: The area covers Mutitu, Mutomo and Ikutha Sub county which is nearly 75% of the County area. The rainfall here is between 150 and 250mm. Agro ecological zone IV: This area covers Kitui West, Lower Yatta, and Mwingi. The rainfall here is between 250 and 350mm per annum. Semi-arid zone IV: This zone covers areas the larger areas of Matinyani and Kitui Central. This zone approximately receives total annual rainfall range of 250 and 650mm per year. 
Research design
A descriptive survey research design was used to conduct this study. This design was considered for this study because it involves specific predictions, with narration of facts and characteristics concerning the particular technique performance (Kothari, 2004). Descriptive survey studies are designed to obtain pertinent and precise information concerning the status of a phenomenon and whenever possible to draw valid conclusion from the facts discovered.
Study population and sample size
The study focused on the farmers utilizing drip irrigation in Kitui County, as well as those not using the technology, to compare perspectives and identify barriers to adoption. The researcher employed a sampling procedure based on the guidelines provided by Cohen (1988), which suggests that a minimum sample size of 30% is sufficient for comparison in most studies. To ensure representativeness, the researcher selected 30% of the farmers using drip irrigation across the administrative wards in Kitui County, resulting in a sample of 60 farmers. An additional 60 farmers who were not using drip irrigation were randomly selected to participate in the study for comparative purposes, bringing the total sample size to 120 farmers. This approach allowed for a comprehensive assessment of the challenges and opportunities related to the adoption of drip irrigation in the region.
Research instruments and data analysis process
The primary data for the study was collected using a structured questionnaire, which was administered to farmers. A questionnaire was chosen due to its cost-effectiveness and ability to gather candid responses from a geographically dispersed population. The questionnaire included Likert scale rating questions to facilitate the evaluation of various factors. Additionally, field observations and photographs were utilized to capture relevant farming activities.
After data collection, the raw data was organized, edited, and coded for analysis. Initially, data was entered into an Excel spreadsheet and subsequently analyzed using the Statistical Package for Social Sciences (SPSS) Version 27. The analysis began with descriptive statistics, followed by summary statistics and data interpretation. Questionnaire responses were aggregated to calculate frequencies, and the data was systematically tabulated and analyzed according to the study's specific variables. The study’s hypothesis was tested using the t-test at a 0.05 level of significance. The results are presented in summary form, utilizing tables and bar charts.
Results and Discussion
The study sought to establish how costs associated with drip irrigation, including initial investment and operational costs, influence adoption of the technology among small-scale farmers in Kitui County. The results are presented through descriptive data, followed by an inferential analysis examining the relationship between these costs and adoption rates.
4.1 Descriptive data on associated costs
The costs associated with adoption of drip irrigation were defined to encompass both initial investment costs, including expenses related to equipment purchase and installation, and operational costs related to the ongoing use and maintenance of drip irrigation systems. Data for this research variable was collected using a 9-item scale that assessed farmers’ levels of agreement or disagreement with items regarding their perceptions of the costs of procuring and maintaining a drip irrigation system. The questions were weighed using a 5-point Likert-type scale that ranged from Strongly Disagree to Strongly Agree. The frequencies, percentages and the mean scores for each of the nine items are presented in Table 1.
Table 1: Descriptive data for costs associated with drip irrigation
	Costs Associated with Drip Irrigation
	SD
	D
	N
	A
	SA
	Mean score

	
	F
	F
	F
	F
	F
	

	
	(%)
	(%)
	(%)
	(%)
	(%)
	

	The initial investment cost of installing a drip irrigation system is too high for me.
	0
(0.0)
	15
(13.0)
	9
(7.8)
	54
(47.0)
	37
(32.2)
	4.01

	The operational costs of maintaining a drip irrigation system are manageable.
	4
(3.5)
	15
(13.0)
	8
(7.0)
	17
(14.8)
	71
(61.7)
	4.19

	I can easily afford the initial setup costs of a drip irrigation system.
	10
(8.7)
	15
(13.0)
	19
(16.5)
	50
(43.5)
	21
(18.3)
	3.47

	The cost of purchasing the necessary equipment for drip irrigation is a major barrier for me.
	9
(7.8)
	36
(31.3)
	7
(6.1)
	39
(33.9)
	24
(20.9)
	3.28

	The financial benefits of drip irrigation outweigh the initial investment costs.
	6
(5.2)
	10
(8.7)
	3
(2.6)
	68
(59.1)
	28
(24.3)
	3.89

	I find it difficult to cover the ongoing operational costs of drip irrigation.
	0
(0.0)
	26
(22.6)
	22
(19.1)
	59
(51.3)
	8
(7.0)
	3.45

	The availability of subsidies or financial assistance makes adoption of drip irrigation more feasible for me.
	30
(26.1)
	66
(57.1)
	11
(9.6)
	8
(7.0)
	0
(0.0)
	1.95

	The costs associated with repairing and maintaining a drip irrigation system are too high.
	34
(29.6)
	55
(47.8)
	18
(15.7)
	8
(7.0)
	0
(0.0)
	4.00

	I believe that the long-term savings from using drip irrigation justify the initial costs.
	11
(9.6)
	22
(19.1)
	33
(28.7)
	34
(29.6)
	15
(13.0)
	3.17




The findings highlight that farmers perceive the initial investment costs for drip irrigation as a significant barrier. A majority of respondents indicated that the high costs of purchasing and installing equipment, such as pipes, tanks, and drip tapes, present a substantial challenge. While some farmers reported affordability of setup costs, the overall perception suggested that these initial investments deter adoption. Conversely, operational costs were viewed more favorably. Most farmers found the expenses associated with maintaining and running drip irrigation systems to be manageable, which suggests that while initial costs are prohibitive, the long-term use of these systems is economically feasible. However, some farmers expressed difficulty in covering ongoing operational expenses, indicating that financial challenges persist even after installation.
The role of subsidies and financial assistance was particularly striking, as most farmers disagreed that these mechanisms made the adoption of drip irrigation more feasible. This finding underscores the need for better-targeted financial support programs to address perceived gaps in accessibility and efficacy.  Although the majority of respondents acknowledged the financial benefits of drip irrigation, such as increased efficiency and productivity, views were mixed on whether long-term savings justify the high upfront costs. Farmers were also divided on the impact of equipment costs, with many considering them as a major obstacle to adoption. The results emphasize that initial investment costs are a critical barrier to the uptake of drip irrigation systems. In contrast, operational costs, while challenging for some, are generally considered manageable. These findings highlight the need for policy interventions and financial strategies to reduce initial costs and enhance the economic viability of drip irrigation for smallholder farmers in Kitui County.
4.2 Influence of associated costs on adoption of drip irrigation 
A t-test was conducted to assess whether the perceived costs associated with drip irrigation significantly influenced its adoption among small-scale farmers in Kitui County. Farmers were grouped into adopters (n = 56) and non-adopters (n = 59), and their aggregate cost perception scores, derived from responses to the nine financial-related items, were compared. The results are summarized in Table 2.
Table 2: T-test results for costs and adoption of drip irrigation 
	Use of drip irrigation
	N
	Associated cost mean score
	Std. Dev.
	Std. error mean

	Using drip irrigation
	56
	28.5000
	3.19659
	.42716

	Not using drip irrigation
	59
	23.6610
	3.98536
	.51885

	t-test statistics

	
	t
	df
	Sig. (2-tailed)

	Associated cost
	Equal variances assumed
	7.159
	113
	.001

	
	Equal variances not assumed
	7.200
	109.986
	.001



The results indicate a statistically significant difference in cost perception scores between adopters and non-adopters. Farmers who had adopted drip irrigation scored significantly higher on perceived cost manageability (M = 28.50, SD = 3.20) compared to non-adopters (M = 23.66, SD = 3.99), t(113) = 7.159, p < .001. Consequently, the null hypothesis was rejected in favor of the alternative hypothesis: “The costs associated with drip irrigation have a significant effect on the adoption of the technology by small-scale farmers in Kitui County.” These findings suggest that adopters perceive the associated costs as more manageable and justifiable, compared to non-adopters who perceive these costs as prohibitive. This underscores the role of perceived financial barriers in influencing the uptake of drip irrigation systems.
The results align with previous research indicating that financial perceptions significantly influence technology adoption among small-scale farmers. While initial investment and maintenance costs are often cited as key barriers, the perception of these costs changes among adopters. For example, Yang et al. (2023) observed that farmers adopting drip irrigation often experience long-term financial benefits, such as increased water-use efficiency and higher crop yields, which offset initial investment costs. Similarly, Lavakumar et al. (2023) highlighted reduced labor costs and improved crop quality as economic advantages for adopters. However, the findings also reflect broader challenges. As Sinha (2020) notes, high upfront costs may result in delayed returns on investment, creating hesitation among resource-constrained farmers. This highlights the critical role of financial support mechanisms, such as subsidies, credit facilities, and targeted training, in facilitating adoption and addressing cost-related apprehensions.
Conclusion and Recommendations
This study set out to investigate the financial barriers associated with the adoption of drip irrigation systems among small-scale farmers in Kitui County, with a specific focus on initial investment and operational costs. The findings reveal that while operational costs are generally perceived as manageable, the high initial investment costs pose significant barriers to adoption. Farmers who have adopted drip irrigation systems perceive the costs as more manageable, suggesting that overcoming the initial financial barrier can shift perceptions toward viewing the investment as worthwhile.
Inferential analysis confirmed that perceived costs significantly influence the adoption of drip irrigation, with adopters reporting higher mean scores for cost manageability compared to non-adopters. This underscores the importance of addressing both real and perceived financial barriers to facilitate the uptake of this water-efficient technology. The study's findings contribute to the understanding of how financial perceptions affect the adoption of agricultural technologies, offering critical insights for policymakers, development agencies, and agricultural stakeholders aiming to enhance the sustainability and productivity of small-scale farming in semi-arid regions. 
To address the financial barriers limiting the adoption of drip irrigation among small-scale farmers, three key interventions emerge from the study findings. First, enhancing access to affordable credit facilities and subsidies is essential. Governments, financial institutions, and development partners should prioritize financial support mechanisms that reduce the initial investment burden. Subsidies on critical components such as drip lines and pumps, coupled with affordable loans tailored to farmers' repayment capacities, could significantly increase adoption rates.
Second, targeted training programs and awareness campaigns should be developed to improve farmers' understanding of the long-term financial benefits of drip irrigation. These initiatives should focus on demonstrating how the technology enhances water efficiency, reduces operational costs, and improves crop yields, ultimately leading to higher returns on investment. Demonstration farms and farmer exchange programs can provide practical evidence of the economic viability of drip irrigation, helping to shift perceptions among potential adopters. 
Finally, improving the transparency and accessibility of existing financial assistance programs is crucial. Farmers reported that the current subsidies and financial support mechanisms are inadequate and difficult to access. Simplifying the application processes, increasing outreach, and ensuring equitable distribution of resources would enable more farmers to benefit from these programs. Addressing these barriers holistically will help create an enabling environment for the widespread adoption of drip irrigation systems, fostering agricultural productivity and sustainability in Kitui County.
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