



Smallholder farmers' perceptions of the link between agricultural land tenure and investment in irrigation infrastructure in the Volta region of Ghana 
ABSTRACT 
	Smallholder farmers in Sub-Saharan Africa have experienced negative consequences of poor access to irrigation. Past studies attributed this problem to a complicated land tenure system and high installation and or maintenance costs. We do not understand why farmers fail to invest in irrigation infrastructure development on their farmlands as a viable and reliable option for the future. This study attempts to find answers to these questions with a focus on Ghana’s Volta region, the nation’s ecological zone with the foremost irrigation potential. We conducted a questionnaire survey among 282 smallholder farmers who were purposively sampled in the South and North Tongu districts from January to February 2024. The questions focused on how farmland ownership influences smallholder farmers’ investment decisions in irrigation development. We asked a five-point Likert scale question to gauge farmers’ perceptions viewpoints about farmland ownership influence and their decision making in investing in irrigation infrastructure. We also conducted interviews with farmers, fieldwork, and an academic database search to ascertain or otherwise the reasons behind farmers’ decision to invest in irrigation infrastructure. We found that the respondents were discouraged from investing in irrigation infrastructure because they did not own farmlands, which were often disputed by traditional authorities and families due to overlapped land rights and unclear boundaries. This issue extends beyond the traditional land tenure system, as identified by past studies. Without securing rights to the land, smallholders fear losing their investments when landowners reclaim it. The results showed that age, farm size, and household income had positive and statistically significant correlations with farmers’ investment decision in irrigation infrastructure. In contrast, gender had a negative and statistically significant association with investment in irrigation infrastructure. The pseudo R² value of 0.278 signifies that the model is a good fit (P < 0.001). A best-fit model shows how well the factors in the study explain farmers’ decisions to invest in irrigation. With a pseudo R² value of 0.278, the model explains about 27.8% of the variation in farmers’ investment behavior, which is a good level for socio-economic data. We also identified lack of adequate credit, irrigation infrastructure support and high costs of expanding irrigation to multiple fragmented plots as disincentives to farmers considering investing in irrigation infrastructure. Farm size, income, and household size further influenced farmers’ decision to invest. The findings of this study contribute further insights about the impact of farmland ownership on the irrigation investment decision of smallholder farmers for policy making and governments interventions in irrigation development.
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1. INTRODUCTION 
Agricultural land provides the largest share of food supplies and ensures an essential number of ecosystem services. the changing of food patterns and the demand for more products is increasing the demand for land and water resources, exhausting the resources and increasing the uncertainty regarding food security. Therefore, the food and nutrition security agenda calls for urgent international efforts with effective global food security insurance (Viana et al., 2022). Farmland is an important asset for smallholder farmers in Sub-Saharan African countries when it comes to investing in irrigation facilities for agricultural productivity (Darko et al., 2020). Past studies indicate that farmers typically obtain farmlands as gifts, leases, or rentals for their agricultural ventures over time (Grubbström & Eriksson, 2018; Kokoye et al., 2013). Other studies revealed that farmers also acquire farmlands from family members and community leaders for their agricultural activities (Addaney et al., 2022; Lambrecht, 2016). For some reason, African farmers do not seem to be interested in improving their farmlands with irrigation infrastructure investments. Akrofi et al. (2019) determined that farmers were interested in improving their farms if they owned the land. Similarly, Makombe et al. (2017) found that owning farmlands encouraged farmers to invest in irrigation. Taking farmland irrigation facilities as an example, the construction and maintenance of facilities mainly rely on farming households’ cooperation under political mobilization. In 1978, China began to implement the Household Contract Responsibility System that allowed farming households to manage agricultural production on their own initiative, while the farmland remained under the ownership of the rural collective [9]. Since then, China’s agricultural production has been in a decentralized state with smallholders as the mainstay. At this stage, with the implementation of “entrusting the farmland owned by the village collective to individual households”, the state authority gradually faded from the village, and the ability of rural organizations to integrate farming households continued to decline (Zang et al., 2021).
In Ghana, land ownership is controlled by individual, customary, and statutory rights (Nara et al., 2021). However, conflicts over land ownership discouraged smallholder farmers from investing in irrigation infrastructure (Gyapong, 2021). Fanadzo and Ncube (2018) emphasized that owning farmlands encouraged farmers to invest in irrigation facilities. A study by Kugbega and Aboagye (2021) in the Agogo traditional area of Ghana found that farmers with secured land tenure invested in irrigation facilities. Similarly, Akugre et al. (2022) determined that farmers in the Lawra District of Ghana with secured land tenure invested more in soil and water conservation measures. Studies on land tenure and property rights showed that secured and well-defined ownership rights gave farmers confidence to make long-term investments in their land (Hong et al., 2023; Kombe et al., 2024). In Northern Ghana, farmers without land ownership had difficulty investing in irrigation (Anang & Asante, 2020).  
Owning farmland at a location far from a water source also influences Ghanaian farmers’ decisions to invest in irrigation systems (Kudadze et al., 2019). Investing in irrigation systems is financially sensible for farmers who own farmland close to water sources (Ayamga et al., 2016). Studies have demonstrated that smallholder farmers whose farmlands are near a water source are more likely to invest in irrigation infrastructure. This phenomenon contrasts with those who do not have a water source close enough to their farms (Acheampong et al., 2018). Additionally, the cost of obtaining irrigation water increases if farmers acquire land far from water sources. Kadigi et al. (2019) indicated that farmers incurred high costs for water-drawing technology, pump capacity, and pipelines when farmlands were not close enough to water sources. For these reasons, farmers relied on rain-fed production and became more vulnerable to frequent droughts and low yields (Abugri et al., 2017). 

Irrigation infrastructure for smallholder farmers in Ghana has not seen any notable improvements, largely due to the small farm sizes they operate and the high cost of acquiring such land (Atuobi-Yeboah et al., 2020). Less than 2% of farmed land in Ghana is irrigated, a statistic that highlights the slow pace of irrigation infrastructure development (Donkoh et al., 2019). Studies conducted across various agro-ecological zones in Ghana have linked the high cost of land, small farm sizes, and insecure land tenure agreements to low levels of irrigation development (Akugre et al., 2022; Alban & Willem, 2020). Studies in Northern Ghana and the White Volta Basin of the Upper East Region found that farmers often managed multiple small-scale farms across different locations (Amikuzuno & Hathie, 2013; Durán-Díaz, 2023;). As a result, it was costly for farmers to invest in irrigation systems across all these different plots of land (Akrofi et al., 2019). The initial cost of purchasing motor pumps was high, as were the associated fuel expenses. This limitation meant that farmers, regardless of land ownership, were unable to afford irrigation (Nyantakyi-Frimpong et al., 2023).
Past studies have largely focused on land tenure security, technology adoption, and technical efficiency, without explicitly examining the role of farmland ownership. This has left a gap in understanding the specific influence and impact of land ownership on irrigation investments in the Volta region and Ghana. Existing studies have paid little attention to how farmland ownership influences farmers’ investment in irrigation facilities in the Volta Region, where this study is situated. Farmers have been reluctant to invest in irrigation systems, a trend that remains inadequately explained by existing studies. As a result, the reasons behind the continuous reluctance of farmers in the study area to invest in irrigation systems remain unclear. It is against this backdrop that this study examines (1) how farmland ownership affects smallholder farmers’ decisions in investing in irrigation infrastructure and (2) other factors influencing farmers’ decisions to invest in such infrastructure in Ghana’s Volta Region. This study will provide a clearer explanation for the long-standing low irrigation infrastructure investment by farmers in Ghana. It will contribute to policy with insights on new approaches to decision-making for irrigation development. Additionally, the findings will enrich the existing literature on the impact of land tenure on agricultural irrigation investments. 
2. methodology
2.1 Study Location
This study was conducted in the South and North Tongu districts of the Volta Region of Ghana (Figure 1). The Ghana Statistical Service (2021) reports that the Volta region has a total population of approximately 1,659,040 individuals, accounting for 5.4% of the total national population of 30,832,019 people. The regional population consisted of 868,355 females. The population of South Tongu district alone amounted to 113,114 individuals, accounting for 6.8% of the total Volta regional population. The South Tongu district population consists of 60,626 females, representing 53.6% of the district. With 110,891 residents, the North Tongu district makes up 6.7% of the entire region’s population. The North Tongu district consists of 57,895 females, representing 52% of the district. According to the Ghana Statistical Service (2021), about 68.9% and 56% of the population reside in rural areas of the South and North Tongu districts, respectively. This population primarily rely on agriculture for their sustenance. 

Agriculture, the main economic activity, supports farmers with food and income. Farmers cultivate staple crops such as rice, maize, cassava, and vegetables (cabbage, lettuce, spring onions, carrots, tomatoes, okra, garden eggs, and pepper) and tree crops. They cultivate these crops using a combination of irrigation and rainfall (Alhassan et al., 2023). Commonly employed irrigation techniques include traditional flood recession, river water pumping, gravity-based irrigation, field bunding, sprinkler systems, and furrow irrigation. Some rice farmers redirect water from streams and rivers directly to their fields if necessary. 

Recently, the Volta Region has received some initiatives that focused on irrigation water access for its farmers. These initiatives aimed to reduce the effects of climate change, improve productivity, and guarantee food security. Nevertheless, the success of these initiatives was greatly affected by the ownership situation of farms, lack of credit support, and mismanagement (Ansah, 2023; Nkpeebo & Mavimbela, 2023). Repairs and maintenance expenses were also blamed for the failure of these projects (Bjornlund et al., 2018; Djangba et al., 2024; Kotei et al., 2015). 
The Aveyime irrigation project was built in 1975 to provide farmers with water from the lower Volta River. A private farm, Prairie Volta Limited, used the scheme to cultivate 200 hectares of paddy, while other farmers also increased production. The Japan International Cooperation Agency (JICA) supported the initial construction and later studied its rehabilitation in 1997. In 1998, the facility broke down and was abandoned. The Agriculture Services Sub-Sector Investment Program (AgSSIP), funded by the World Bank, rehabilitated it in 2005. However, delays in pump delivery slowed irrigation services. This happened because civil works and pump procurement were handled by different contractors. The project eventually collapsed again due to poor maintenance and lack of repair (Namara et al., 2011).
In 2021, the Korea International Cooperation Agency (KOICA) partnered with Ghana’s Ministry of Food and Agriculture and the Ghana Irrigation Development Authority to invest US $6.5 million in reconstructing the Aveyime Irrigation Scheme in the Volta Region. The project, called “the rehabilitation of the irrigation scheme and improvement of the irrigation water management project,” aimed to boost food security and improve farmers’ livelihoods by increasing rice yields in beneficiary communities (Dotse, 2023). However, the initiative did not cover all farming communities. Farmers in excluded areas privately invested in irrigation facilities, but these later collapsed. The reasons are the high cost of equipment, challenges in repair and maintenance, insecure land tenure, and limited technical expertise. 
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Fig. 1. Study Area Map

Source: UNOCHA, 2024
2.2 Data Collection and Analysis
In November 2023, a preliminary household survey was carried out in Hikpo and Agorveme. Farmers and extension officers were interviewed to determine how farmland ownership influenced farmers’ investment decisions in irrigation infrastructure. These interviews helped validate responses from the questionnaire. Discussions with the two District Directorates of Agriculture and community leaders showed that the districts have strong potential for irrigation development because of available water sources and fertile arable land. However, irrigation infrastructure remains limited due to land tenure insecurity, socio-economic challenges, and inadequate irrigation interventions. Farmers also face environmental stresses. Heavy rainfall often causes floods that destroy farms and farmhouses, while high temperatures reduce crop yield and productivity. An in-depth literature review confirmed that most farmers continue to rely on rain-fed agriculture, largely due to socio-economic constraints (Aboagye et al., 2024; Nutor et al., 2024).
A questionnaire was designed and uploaded to KoboToolbox, a digital tool that simplified data collection, storage, and retrieval. All surveys were conducted with informed consent, and respondents were assured of anonymity and confidentiality. With the help of trained enumerators, South and North Tongu districts were randomly selected for the survey because they share similar water sources, climate, crops cultivated, irrigation practices, and low levels of irrigation development. From January to February 2024, respondents were randomly selected and the questionnaire was administered among 282 smallholder farmers across six 6) selected communities. These included Tordzinu, Hikpo, Sokpoe, Agorveme, Korsive, and Dorfor-Adidome. The communities were chosen because of their common farming practices, water sources, irrigation needs, farmland ownership challenges, and cultural similarities. 

The questionnaire was divided into three main sections. The first section covered the socio-demographic characteristics of farmers, such as gender, age, education, household size, household income, farm size, and farmland ownership status. The second section examined smallholder farmers’ perspectives on challenges in irrigation infrastructure investment decision making. The third part sought farmers opinions about how farmland ownership influenced farmers’ decisions in investing in irrigation infrastructure. Most of the survey questions were structured on a Likert scale to capture the degree of agreement among respondents. For data analysis, SPSS software (version 27) and Excel were used to generate tables and figures. The results were presented using descriptive statistics, mainly frequencies and percentages. In addition, correlations were explored between farmers’ socio-demographic characteristics and their investment decision to identify other factors influencing farmers’ willingness to invest in irrigation infrastructure.
Past econometric studies have used the logit model to examine how variables such as age, gender, experience, and education affect binary outcomes. Examples include studies on technology adoption, willingness to pay for irrigation water, conservation of wetlands, and access to information (Baffoe et al., 2021; Bavorová et al., 2020; Kifle et al., 2022). In this study, the logit regression model was applied to examine the factors influencing farmers’ investment in irrigation infrastructure. Farmers who invested were coded as 1, and those who did not were coded as 0. The odds ratio was used to interpret the likelihood of an outcome for a one-unit change in a predictor variable. Values greater than 1 indicate a positive effect, values less than 1 indicate a negative effect, and values equal to 1 indicate no effect. Each farmer’s decision to invest was treated as an independent observation, meaning that one farmer’s decision did not influence another’s. No extreme outliers were found among the predictor variables that could bias the results. The general logit model is expressed in the following equation:
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 is 1 if the respondent’s decision to invest in irrigation infrastructure is more than zero and 0 if less than or equal to zero.
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 = the independent variables or determinants (e.g., gender, age, education, farm size, household income, household size, farmhand size, and farmland ownership etc.).
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 = the residual/error term. 

The full equation for the decision to invest in irrigation is expressed with all parameters as shown below:
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3. results and discussion
3.1 Socio-Demographic Characteristics of the Respondents
The socio-demographic characteristics of the respondents indicated that males (61%) were involved more in agriculture (Table 1). This result is slightly higher than the 50.1% of males reported in the 2021 population and housing census for rural areas. In contrast, the 2021 population and housing census revealed that females (52%–54%) outnumbered males in the study area, with an average household size of 4 (Ghana Statistical Service, 2021). The census data indicated a comparable pattern of gender distribution in both regional and national contexts, with an average household size of 3 and 4 individuals, respectively (Ghana Statistical Service, 2021). About 75% of the respondents were married, with an average household size of 5 members, which is slightly above the national average of 4 people.
About 47% of respondents were between 40-49 years old, and 24% were between 50-59 years old, with an average age of 50 years. Considering Ghana’s average life expectancy of 64 years (World Bank Group, 2020), this indicates an ageing farming population, particularly among men, who generally have lower life expectancy. As farmers grow older, they might find it harder to meet the changing demands of agriculture. Some might adopt irrigation technologies to cope with these challenges. Nuhu and Matsui (2022) have reported similar ageing trends among smallholder farmers in Ghana. Danso-Abbeam et al. (2018) also found that increasing age is associated with declining farm productivity.
Regarding educational level, 75% of respondents had completed primary and secondary education, which is slightly higher than the districts’ average literacy rate of 69% (Ghana Statistical Service, 2021). This denotes higher proficiency in English literacy among farmers, which is Ghana’s official language. Lettered farmers might take advantage of new technologies from government agencies, NGOs, online and other stakeholders. Akinade et al. (2020) found that literacy was associated with the acceptance of new technologies for improving farm productivity and income.  
All respondents relied solely on farming as their main source of income. About 48% reported that inadequate farm income was the main reason they could not invest in irrigation facilities. This suggests that farmers have limited financial resilience to handle unexpected expenses or to make long-term investments. Farmers who depend entirely on farm income often lack the financial resources needed to develop irrigation systems. Similar findings were reported by Fanadzo and Ncube (2018). They noted that limited income restricted farmers’ investment in irrigation and farm expansion.
Nearly half (48%) of the respondents earned about GH₵3000 (US $240.31) per season, which was insufficient to meet their irrigation needs. Limited income and competing household expenses made it difficult for farmers to invest in irrigation infrastructure, highlighting the need for credit support. Theis et al. (2018) similarly found that financial constraints hindered farmers from adopting irrigation technology. 
Table 1. Socio-demographic characteristics of the respondents
	Socio-demography
	Category
	Frequency
	Percentage (%)

	Gender
	Male

Female
	173

109
	61

39

	Age (Years)
	18-29

30-39
40-49

50-59

60-69

Above 69
	  12

  45

133

  66

  22

   4
	  4

16

47

24

  8

  1

	Marital status
	Married

Single
	212

  70
	75

25

	Education level
	No formal Education

Primary/Basic
Secondary

Tertiary
	  53

  86

124

  19
	19

30

44

  7

	Occupation (Main)
	Farming
	282
	100

	Household income (GH₵)
	< 500

500-999

1000-1499

1500-1999

2000-2499

2500-2999

Above 2999
	   0

  33

  61

  28

  26

  55

  79
	   0

  11

  22

  10

   9

  20

  28


(Source: Field Survey, 2024)
Most respondents (71%) had an average of five household members (Table 2). Household members could provide labor for farm activities, reducing the need to hire external workers and lowering operating costs. Sharing responsibilities among members might ease labour-intensive tasks. These cost savings might help farmers acquire and expand farmland with irrigation. This finding aligns with Bruce and Castellano (2017), who reported that household labor reduces farm labor costs.   

In contrast, farmers are often required to support household educational needs like school fees and assist relatives facing hardships. These financial obligations might limit the funds available for expanding farmland or developing irrigation, highlighting the need for credit support. Jeločnik et al. (2022) similarly found that the family responsibilities of a farm household head affected investment in irrigation. 
About 51% of the respondents did not have farm workers to assist with farm activities, relying solely on household labor. If household members are unavailable due to off-farm work, illness, or education, farm operations might be delayed or slowed. This could lead to late planting, poor weeding, and delayed harvesting. These findings are consistent with Boansi et al. (2023), who reported similar challenges in Northern Ghana. In contrast, 42% of respondents had 1 to 5 farm workers assisting with farm operations. Hiring additional labor allows farm activities to continue even if household members are unavailable. However, paying for labor increases farm costs and might reduce profits, limiting funds available for expanding farmland and or developing irrigation facilities.
The result further indicated that 76% of the respondents did not own farmland, suggesting that the cost of land might be expensive. In connection with limited capital, this likely prevented farmers from purchasing, leasing, or renting land. Without formal land ownership, farmers might be uncertain about continued access to the land they farm and hesitant to invest in long-term irrigation infrastructure. Similarly, Li and Huo (2022) found that tenure insecurity and high land costs discouraged investment among apple farmers in China while Mbudzya (2022) reported comparable results in Kenya’s Narok County.
Respondents (48%) worked on relatively small farmlands of less than 5 acres each at different locations. It means that installing irrigation facilities on smaller farm sizes could be costly, and farmers might not generate reasonable returns on their investment. Farmland holdings at different locations might make it logistically and economically difficult to install irrigation infrastructure. 
Table 2. Respondents’ household, farm size, and ownership status
	Socio-demography
	Category
	Frequency
	Percentage (%)

	Household size (numbers)
	1

2

3

4

5

6

7

More than 7
	  2

  5

25

45

83

73

10

39
	  1

  2

  9

16

29

26

  4

13

	Farmhands or farm workers
	None

1-5

6-10

11-15
	144

118

18

 2
	51
42

 6

 1

	Farmland ownership status
	Owned

Not owned
	69

       213
	24

76

	Total farm size (acreage)
	        < 5

5-9
10-14
15-19

20-24
More than 24
	       134

58

38

25

21

6
	48

21

13

 9

 7

2


(Source: Field Survey, 2024) 
Respondents (68%) had farmed for nearly 24 years without irrigation (Table 3), relying entirely on rainfall and making them vulnerable to climate change. Their long-term presence in the area, however, suggests awareness of irrigation access constraints. In contrast, 32% of the farmers had used irrigation for nearly 24 years, likely benefiting from secure land tenure or irrigation support, allowing them to cultivate about 10 acres per season. These experienced irrigators might have a strong understanding of local conditions, water management, access issues, and strategies for coping with seasonal changes.
Table 3. Respondents’ irrigation status, irrigation acreage, and experience
	Socio-demography
	Category
	Frequency
	Percentage (%)

	Irrigation
	Irrigators 

Non-irrigators
	         90

       192
	32

68

	Years irrigated
	  < 5

5-14
15-24

Above 24
	  7

33

45

  5
	  8

37

50

  5

	Irrigation acreage
	    < 5

5 – 10

11- 20
	  0

53

37
	  0

59

41

	Experience (Farming years)
	  < 5

5-14

15-24

25-34

35-44

Above 44
	13

74

89

69

33

 4
	 5

26

32

24

12

  1


(Source: Field Survey, 2024)
3.2 Farmers’ Perspectives about Challenges in Irrigation Investment Decision Making 
In a Likert-scale question, we tried to understand why smallholder farmers decide to invest or not in irrigation infrastructure. The questions were designed to measure the extent to which respondents agreed with a statement about challenges in irrigation investment, with a rating of 1 indicating strong disagreement and a rating of 5 indicating strong agreement. We presented the following statements: (1) I do not have adequate financial capacity; (2) I do not have the technical skills; (3) the water source for irrigation is not close enough to my farms; (4) I do not have formal land documents; (5) no reservoirs are available in the area; (6) land conflicts deter me from investing in irrigation; (7) my landlord can reclaim the land; (8) I do not own the land; (9) different farmland locations deter irrigation investment; and (10) my farmland is too small.  
We found that all respondents agreed that financial capacity was the most significant reason for their decision to invest in irrigation (Figure 2). It means that farmers might have recognized the high initial investment required to establish irrigation and the ongoing maintenance costs as costly. This result highlights the need for credit support for farmers to invest in irrigation. Durga et al. (2024) found that financial constraints influenced smallholder farmers’ irrigation investment decisions.   

Again, all respondents agreed that their decision not to invest in irrigation infrastructure stemmed from a lack of technical skills. This suggests that farmers might be hesitant to invest in such infrastructure and might struggle to operate and maintain irrigation systems effectively. Their unanimous recognition of technical skills as a barrier highlights a clear knowledge and capacity gap, emphasizing the need for targeted training and skill development programs. Similarly, Kanda and Lutta (2022) found in Kenya that farmers’ lack of technical skills and support services led to operational and maintenance challenges of irrigation infrastructure.
Nearly all respondents (99%) agreed that they were indecisive about investing in irrigation facilities due to land conflicts. Land conflicts might create uncertainty over who truly owns or controls the land. Because when farmers do not have clear legal rights to the land they cultivate, disputes could arise between individuals, families, communities, or even with the government or private entities. In most cases, resolving conflicts might be a time-consuming and costly legal process. This might discourage farmers from making long-term investments. Additionally, about 91% of respondents reported that the lack of formal land documentation limits their decision to invest. Without legally recognized ownership documents and relying mainly on verbal agreements, farmers might struggle to defend their land rights in court. They might risk losing their investments if landowners reclaim the land. This insecurity is reinforced by the fact that 87% of respondents agreed that landlords could reclaim farmland at any time, highlighting a power imbalance between tenants and landowners. Farmers’ constant fear of losing land might deter them from investing in irrigation. These findings show that land conflicts and the absence of formal land documentation might create financial risks and uncertainty regarding the decision to invest in irrigation. This emphasizes the importance of formal land documentation to protect farmers’ rights and encourage irrigation investment decisions.
In connection with the results of the socio-demographic factors, 76% of the respondents did not own the farmlands they cultivated, making them indecisive to invest in irrigation. This means that these farmers might have leased or rented land from individuals, families, or community leaders. El Fartassi et al. (2025) found that farmers in Morocco were reluctant to make long-term investments in irrigation infrastructure because they lacked land ownership.
98% of respondents agreed that they were indecisive about investing because there were no reservoirs in the area. It means that farmers’ productivity, yield, and income, among others, might continue to decline, highlighting the need for support for water storage infrastructure. This result corroborates Oyebode’s (2024) findings on irrigation infrastructure provision for farmers in Nigeria.
About 89% of respondents were indecisive about investing in irrigation because they managed farmlands in different locations, some of which were far from water sources. This might increase the cost of installing and maintaining irrigation systems, highlighting the need for careful site selection. Similarly, 88% of respondents said that water sources were not close to their farms, forcing them to rely more on rainfall. This emphasizes the importance of government support in developing irrigation canals. A similar challenge was reported by Moline et al. (2023) in southwestern Zimbabwe, where distant water sources limited farmers’ decision to invest in irrigation.
Finally, 76% of respondents agreed that their farm sizes were too small to justify investing in irrigation facilities. The small area implies insufficient irrigation returns to make up for the cost. The high initial costs of installation, coupled with limited space might disrupt existing cropping or other critical farm activities, making it difficult to invest in irrigation infrastructure. Because the cultivated area is small, the total water requirement might be limited, making it feasible for farmers to irrigate manually using simple tools such as watering cans, buckets, or small pumps. This might reduce the perceived need for more advanced systems like drip or sprinkler irrigation. Small farm size could also mean a lower investment amount for irrigation infrastructure. However, small farms might generate limited income, leaving farmers unable to invest and maintain costly irrigation systems, further disincentivizing farmers to invest in irrigation. Li et al. (2024) similarly found that the high upfront costs of developing irrigation infrastructure hindered farmers’ investment decisions. 
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Fig. 2. Smallholder farmers’ opinion about challenges investing in irrigation 

(Source: Field Survey, 2024)
3.3 Farmland Ownership and Farmers’ Investment Decision in Irrigation
Respondents were asked whether they would invest in irrigation infrastructure if they owned farmland. Most (86%) agreed, indicating financial capacity and willingness to invest (Figure 3). However, without land ownership farmers might hesitate to invest due to the risk of landlords reclaiming the land. This highlights the importance of land tenure security in encouraging irrigation investment. This finding aligns with Levidow et al. (2014), who found that farmers without land ownership faced greater challenges in investing in irrigation technology.
In contrast, 14% of respondents disagreed, citing insufficient technical know-how to install irrigation equipment. This indicates that even with financial resources, farmers might need technical support to implement irrigation. Lefore et al. (2019) similarly found that farmers with financial resources often paid for irrigation installation services due to a lack of technical expertise.  
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Fig. 3. Farmland ownership and Irrigation investment decision among farmers
In a separate Likert-scale question, our survey attempted to rate respondents’ level of agreement on how their farmland ownership status affected their investment decisions (Figure 4). From our preliminary field observation, we identified the following factors: (1) access to credit; (2) security to invest; (3) encourages investment in irrigation facilities; and (4) significantly affects the decision to invest. We asked the respondents to make appropriate choices, where 1 signifies strong disagreement and 5 indicates strong agreement. 

We found that 82% of respondents agreed that farmland ownership provided them with a sense of security to invest in irrigation facilities. It means that ownership assures farmers that their investment will not be wasted, encouraging long-term investment in irrigation without fear of losing land access. Similarly, Duker et al. (2022) found that in Kenya, land ownership provided security and promoted investments in land improvements, including irrigation.
The result indicated that 77% of respondents agreed that farmland ownership could encourage them to invest more in irrigation facilities (Figure 4). It means that farmers might have recognised that owning land could give them greater control over their agricultural operations, motivating them to invest in irrigation systems. This suggests a strong perceived link between land ownership and the willingness to invest in irrigation. Thabane et al. (2025) determined that land ownership empowered farmers in South Africa to make long-term investments in irrigation. 

70% of respondents agreed that owning farmland makes it easier to access credit. This means that farmers might use their farmlands as collateral to access credit or funding from various lending sources. Farmland ownership offers money lenders the confidence that the borrower possesses tangible assets to secure their loan. Han et al. (2024) found that farmland ownership provided a guarantee for farmers to obtain credit for the development of irrigation infrastructure.
About 57% of respondents said that owning farmland significantly influenced their decision to invest in irrigation infrastructure (Figure 4). This indicates that farmers who do not own the land they cultivate might be less willing to invest in such systems. Land tenure, therefore, plays an important role in encouraging agricultural investment. Supporting this, Akber et al. (2024) found that limited security and control over land ownership reduced farmers’ willingness to invest in irrigation systems in India.
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Fig. 4. Influences of farmland ownership status
(Source: Field Survey, 2024)

3.4 Regression Analysis on Factors Influencing Farmers’ Investment in Irrigation

The study finally correlated farmers’ socio-demographic characteristics and their interest in investing in irrigation infrastructure (Table 4). The results showed that age, farm size, and household income had positive and statistically significant correlations with farmers’ investment decisions in irrigation infrastructure. In contrast, gender had a negative and statistically significant association with investment in irrigation infrastructure. The pseudo R² value of 0.278 signifies that the model is a good fit (P < 0.001). A best-fit model shows how well the factors in the study explain farmers’ decisions to invest in irrigation. With a pseudo R² value of 0.278, the model explains about 27.8% of the variation in farmers’ investment behavior, which is a good level for socio-economic data. This means that factors like farm size, income, access to credit, and water availability play an important role in farmers’ investment choices. Therefore, the model fits the data well and reflects farmers’ real-world decision-making. Past studies demonstrate that pseudo R² values between 0.2 and 0.4 represent an excellent fit (Hemmert et al., 2018; Singh et al., 2024). Siew et al. (2015) similarly found a pseudo R² value of 0.39, which suggests a low but good model fit, given the significant predictors.
Regarding age, it is positively correlated with farmers’ investment in irrigation infrastructure at a 1% significance level. This means that a 1-unit increase in age will lead to a 1.152 unit increase in the rate of farmers’ investment in irrigation infrastructure. As farmers grow older, their interest in irrigation investment increases. This variation is due to the fact that farmers’ strength reduces as they age. This result corroborates the findings of Sharaunga and Mudhara (2018), who found a positive and statistically significant association between farmers’ age and irrigation adoption in the KwaZulu-Natal province of South Africa.
Farm size was significant at 5% and positively influenced farmers’ investment in irrigation infrastructure. A unit increase in farm size will result in a 0.332 unit increase in the rate of farmers’ investment in irrigation infrastructure. It means that as farm size increases, farmers are likely to invest in irrigation infrastructure. Farmers will enjoy economies of scale as they increase their farm sizes. Haji et al. (2013) found that farm size impacted farmers’ desire to engage in agricultural projects like irrigation in Ethiopia.
Income was found to have a positive relationship with farmers’ investment in irrigation infrastructure at a 5% significance level. Farmers are likely to increase the rate of investment in irrigation infrastructure by 0.394 units as their income levels are increased by 1 unit. Farmers’ strong financial capacity influences their decision to invest in irrigation infrastructure.
Gender negatively influenced farmers’ investment in irrigation infrastructure at a 5% significance level. The results indicated that a unit increase in male farmers will lead to a 0.849 unit decrease in the rate of male farmers’ investment in irrigation infrastructure. This finding can be attributed to the high dependency ratio (1:5) of households. Financial obligations and responsibilities burden respondents, making them less inclined to invest in irrigation infrastructure.
Extension support is seen as a key indicator for farmers’ adoption of innovations and agronomic practices. The results have substantiated that fact, indicating that extension support was significant at 10%. A unit increase in extension support to farmers will lead to a 2.702 unit increase in the rate of investment in irrigation infrastructure. Extension support for farmers is a way of educating them on best practices to enhance yields and overall productivity. Access to educational support for farmers enables them to make informed decisions, thereby facilitating investment in irrigation infrastructure.
Table 4. Regression analysis on factors influencing farmers’ investment in irrigation
	Variables
	Coef.
	St. Er.
	Wald
	  Sig.
	Exp(B)

	Gender (1)
	-0.849
	0.374
	  5.146
	  0.023**
	0.428

	Age
	 1.152
	0.284
	16.435
	<0.001***
	3.163

	Marital status
	-0.466
	0.394
	  1.402
	  0.236
	0.627

	Education
	-0.419
	0.308
	  1.840
	  0.175
	0.658

	Farm size
	 0.332
	0.136
	  5.901
	  0.015**
	1.393

	Household income
	 0.394
	0.168
	  5.533
	  0.019**
	1.483

	Household size
	-0.077
	0.132
	  0.345
	  0.557
	0.926

	Farmhand size
	 0.573
	0.380
	  2.272
	  0.132
	1.773

	Technical support
	 0.669
	1.102
	  0.368
	  0.544
	1.951

	Irrigation training
	 1.644
	1.328
	  1.532
	  0.216
	5.173

	Land dev. support
	-1.222
	1.004
	  1.479
	  0.224
	0.295

	Equipment support
	 1.076
	0.698
	  2.377
	  0.123
	2.932

	Irrigation information
	-0.527
	0.788
	  0.447
	  0.504
	0.591

	Extension serv. support
	 2.702
	1.400
	  3.726
	  0.054*
	14.905

	Farmland ownership
	 0.131
	0.336
	  0.153
	  0.695
	1.140

	Constant

No. of obs.

-2Log likelihood 

Pseudo R2
Nagelkerke R2
Prob > Chi2
	-4.407

        282

 292.725  

     0.278

     0.374

     0.001
	1.617
	  7.430
	  0.006***
	0.012


Note: *, **, and *** determine the significance levels at 10%, 5%, and 1%, respectively. 
4. Conclusion AND RECOMMENDATIONS
This study examined whether or not farmland ownership influences smallholder farmers’ investment in irrigation infrastructure in Ghana’s Volta Region. Analysis of respondents’ socio-demographic characteristics revealed that men were represented more in agriculture, and most farmers (75%) were married, with an average household size of five. Literacy levels suggested some potential for supporting farm expansion and irrigation adoption. However, the ageing farming population limited long-term investments in farmland and irrigation facilities. Economic constraints were significant. With no alternative sources of income, farmers struggled to balance household needs with the high costs of land and irrigation development. As a result, they lacked the financial resources to expand farms, and or construct irrigation systems. Labor shortages compounded these challenges, as 51% of respondents had no hired workers and depended mainly on family labor. Nearly half of the farmers (48%) cultivated small plots of less than five acres, often in different locations, making irrigation development costly and less attractive. Small farm sizes and the absence of reservoirs or other water storage facilities further reduced farmers’ interest in irrigation development. 68% of respondents farmed for nearly 24 years but did not use irrigation. Instead, they relied on rainfall.
Regarding land ownership, most respondents (86%) agreed to invest in irrigation facilities only if they own farmland because land ownership gives them security. It was difficult for farmers to decide to invest in irrigation development because they feared losing their investment if their landlords reclaimed the farmland. Farmers’ lack of investment in irrigation contributes to a decline in productivity and yields.
Several other factors discouraged farmers from investing in irrigation. High upfront costs, ongoing maintenance expenses, and the distance of farms from water sources made irrigation financially unattractive. Technical barriers further limited adoption, as all respondents lacked the skills needed to operate and maintain irrigation systems. Land tenure insecurity was another major constraint. Most farmers (91%) lacked formal land documents, leaving them vulnerable to land repossession by landlords. In fact, 71% did not own the land they cultivated, making them reluctant to commit to long-term investments. Concerns about land conflicts and potential displacement reinforced their indecisiveness. Age, farm size, household income, and extension support had positive and statistically significant correlations with farmers’ investment in irrigation infrastructure. These factors influenced farmers’ decisions to invest in irrigation infrastructure. Older farmers were more willing to invest as their physical strength declines. Increased farm sizes encouraged investment decisions due to economies of scale. Farmers with stronger financial capacity were more likely to invest. In addition, extension support provided knowledge that helped farmers make informed decisions to invest in irrigation practices. Gender had a negative and statistically significant association with farmers’ investment in irrigation infrastructure. This was further constrained by financial obligations that reduced their decision to invest. As this paper demonstrated, there is the need for targeted interventions such as financial support, technical skills training, improved water infrastructure, secured land tenure, and conflict resolution mechanisms at community levels to encourage farmers to invest in the development of irrigation infrastructure. 
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