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Smallholder Irrigation Schemes (SIS) are pivotal in sustaining livelihoods and creating employment in rural communities of South Africa. However, despite the revitalization and rehabilitation of SIS by the government, the performance of farmers is still below par. This study evaluates the performance of water-users across four SIS in KwaZulu-Natal Province (KZN). Technical Efficiency was used as a proxy for performance and the Stochastic Meta-Frontier Analysis method was employed to measure the overall efficiency across 306 households. The efficiency model results showed that governance index, psychological capital, land tenure security, credit access and gender affect water-users' technical efficiency. The study concludes that interventions should be geared toward strengthening institutions and the empowerment of farmers through relevant training and access to credit. Furthermore, adequacy of water and its availability in the schemes should be improved to ensure profitability and productivity of water.
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Introduction

Over the years, climate change has impacted South African agriculture as evident in rapid changes in temperatures and rainfall, which subsequently puts pressure on the demand for water in agricultural production (Bernstein, 2013). As such, irrigation is increasingly becoming a critical factor in enhancing agricultural productivity and consequently alleviating poverty in rural areas (Sinyolo et al., 2014). It is estimated that about 1.3 million hectares of land in South Africa are under irrigation; of which about 0.1 million hectares are under smallholder irrigation schemes (SIS) (Van Averbeke, 2008). SIS are defined as “agricultural projects that involve multiple holdings, which depend on a shared distribution system for access to irrigation water” (Van Averbeke, 2012; 413). In South Africa, SIS were mainly put in place with the primary focus of food security of the irrigators (Van Averbeke, 2012), however, an increasing number of smallholder farmers are gradually shifting from subsistence to commercial production.

In general, SISs and their water users in the country are underperforming due to a combination of infrastructural and economic factors (Van Averbeke et al., 2011; Muchara et al., 2014; Sinyolo et al., 2014). However, often overlooked, is the potential effect of institutional arrangements on farmers' performance in SISs. Institutions are defined in several ways in different schools of thought. In water resource management, institutions are ground rules for resource use, and can either be formal or informal. The former includes policies, rules, regulations, organizations, plans, procedures, while the latter represents norms, traditions, practices, and customs (Bandaragoda, 2001; Muller, 2012; Muchara et al., 2014). Institutions have the potential to affect the costs of exchange and production, as well as the behavior of decision-making entities, thus affecting their performance. Given the lack of studies that link performance to institutions, this study aims to assess the technical efficiency of water users in SIS and answer the following question: what are the institutional, socio-economic, economic and technical factors that affect water user performance in SIS in KwaZulu-Natal? Several factors have been found to influence farmer performance as shown in literature.

Manjunatha et al. (2013) analyzed the impact of land fragmentation, land ownership and farm size on farm technical efficiency. The study found that smaller farms have lower inefficiencies, this was consistent with Debebe et al. (2015) who found that smallholding size of land yield better crop efficiencies due to lower transaction costs and easier management compared to larger farms. In contrast, Rios and Shively (2016) found that small farms were less efficient than larger farms due to scale investments in irrigation infrastructure. Land ownership was also found to positively affect farm performance (Manjunatha et al., 2013; Ebarle et al., 2014). A study conducted in Southern Philippines on the profitability of vegetable farmers suggested that farmers that owned land had a higher probability of running profitable farm businesses (Ebarle et al., 2014), which was also found to be the case in India (Manjunatha et al., 2013).

Literature highlights several economic factors that affect farm performance, and these include low production costs, high agricultural yields and prices, as well low marketing costs (Dlamini and Masuku, 2013; Ebarle et al., 2014; Mushi and Ngaruko, 2015). Dlamini and Masuku (2013) found that farming experience has a positive influence on farm profitability amongst sugarcane farmers in Swaziland Social factors such as farmer groups and cooperatives have been found to improve farm performance (Debebe et al., 2015; Herbert et al., 2015). A study conducted in the Democratic Republic of Congo, Burundi and Rwanda showed that farmers who were members of farmer groups performed better than those that were not and had a higher probability of being economically or financially efficient in their agricultural production (Herbert et al., 2015). This was due to the sharing of valuable information.

Debebe et al. (2015) found that access to extension services is an important factor that affects farm performance because extension services provide farmers with new information and provide recommendations on agricultural activities and market access. Mumba et al. (2012) found that the closer the farm is to the market, the higher the probabilities of farm profitability as shorter distances to markets usually translate into lower transaction costs. Personal farmer characteristics such as age, and gender has also been found to influence farmer performance (Dlamini and Masuku, 2013; Debebe et al., 2015; Mushi and Ngaruko, 2015; Gandasari et al., 2021). Gandasari et al. (2021) found that the age of the farmer has a negative effect on performance, as older farmers are less likely to seek new information, are reluctant to adopt innovative practices, and stick to traditional. Furthermore, (Maniriho et al., 2021) suggest that the older the farmer, the less fit they may be to carry out activities, even though they have a wealth of experience. Agyeman et al. (2014) found a positive effect of female household head on household income diversification, which contrasted with the findings of Maniriho et al. (2021), who found an inverse results, as depicted by a significant differential of farm income between male and female farmers. In assessing performance, previous studies have adopted several proxies and measures of performance; this has also resulted in the use of techniques used to analyse the factors which affect performance (Ojo, 2006; Speelman et al., 2008; Verhofstadt and Maertens, 2014; Tajbakhsh and Hassini, 2015).

Different methods, including but not limited to accounting, economic, agricultural, and environmental (performance) indicators have been used to evaluate factors affecting farmer performance (Speelman et al., 2008; Verhofstadt and Maertens, 2014). The performance of a farm can be assessed by estimating its efficiency and productivity. Technical Efficiency (TE) can be estimated by comparing the observed output to the potential maximum optimum output, given the total inputs used. TE is attained when a farm can produce the maximum feasible output from a given bundle of inputs, or by using the minimum feasible amounts of inputs to produce a certain level of outputs, using a particular technology (Ojo, 2006; Speelman et al., 2008).

TE is generally measured using Data Envelopment Analysis (DEA) or the Stochastic Frontier Analysis (SFA). The DEA is a non-parametric approach which enables the evaluation of relative efficiencies of a set of comparable outcomes and does not require that the explanatory variables be estimated (Tajbakhsh and Hassini, 2015). SFA is a parametric approach used when several independent variables can be estimated (Buckley and Carney, 2013). The method considers that individual observations may be affected by random noise and enables the modeling of productivity and efficiency (Bogetoft and Otto, 2010). Additionally, it can disentangle the inefficiency from the standard statistical error related and allows the assessment of determinants of inefficiency (Amsler et al., 2017). Using SFA, Wang et al. (2021) found that land fragmentation negatively affected farmer performance in the farming provinces in China. Cillero and Reaños (2022) used SFA in modeling farmer performance and found that a positive relationship existed between technical efficiency and the Green, Low-Carbon, Agri-Environment Scheme for dairy farms in Ireland. Kostlivý et al. (2020) found that lower altitude-based farms, innovative farms, and those that use more sustainable ways of farming are more productive, they used SFA to model performance in Czech crop farms. This study estimates technical efficiencies of irrigators in four irrigation schemes using the SFA through modeling Cobb-Douglas and Translog production.

Due to the noticeable underperformance of SIS, several studies have attempted to identify key issues, particularly relating to institutions, governance, and socioeconomic patterns (Gomo et al., 2014; Sinyolo et al., 2014; Dlangalala and Mudhara, 2020; Mwadzingeni et al., 2020; Mugejo et al., 2022). The studies considered various aspects such as the water security of water-users (Sinyolo et al., 2014), the assessment of local institutional actors on scheme performance (Mwadzingeni et al., 2020), farmer satisfaction of scheme performance (Gomo et al., 2014), assessment of performance of irrigation infrastructure and governance system (Mugejo et al., 2022), and the awareness of water governance across gender and intergenerational dimensions (Dlangalala and Mudhara, 2020). Furthermore, there are few studies that assessed performance of SIS using SFA such as Makombe et al. (2017), Oulmane and Benmehala (2019), and Morais et al. (2021). The studies assessed farm performance across different irrigation typologies (Makombe et al., 2017), effects of irrigation technology adoption (Oulmane and Benmehala, 2019), and assessment of performance between irrigators and non-irrigators (Morais et al., 2021). The SIS included in this study use different methods of irrigation, which constitutes technology. The method of irrigation affects water access, availability, which consequently affects the productivity of the farmers. As such, the contribution of this study is that it considers the performance of water-users in four SISs with varying irrigation systems and institutional arrangements in KwaZulu-Natal. The SIS differences are captured using a stochastic meta-frontier analysis, instead of pooling or estimating various individual SFA derived production functions. Furthermore, the governance aspect is quantitatively derived and included amongst other institutional variables to determine efficiency across the SIS. To our knowledge this is the first study to use a stochastic meta-frontier analysis to analyze water-user performance in SIS that have varying institutional arrangements and technologies, while considering inefficiency effects of socioeconomic, economic, technical, and institutional variables. The estimation of measures of technical efficiency, including exogenous variables enables policy recommendations to be made, not only to improve technical efficiency but also to provide an opportunity to enhance performance through improved institutional arrangements. This study aims to provide empirical evidence of the technical efficiency of water-users as well as the inefficiency effects in SIS in KwaZulu-Natal, South Africa. The following section outlines the conceptual framework adopted and is followed by the methodology, presentation and discussion of results, conclusions, and recommendations.



Methodology


Study sites and data collection

The study is focused on four irrigation schemes in KwaZulu-Natal Province, namely Tugela Ferry, Ndumo, Mooi River, and Makhathini Flats. The schemes were chosen due to their contrasting characteristics, including governance regimes, farmer compositions, irrigation type and region. Makhathini Flats (MFIS) and Ndumo (NIS) Irrigation Schemes are situated in the Umkhanyakude District, under the Jozini Local Municipality, north-eastern KZN. The Makhathini Flats Irrigation Scheme comprises of individual (mostly males) and cooperative irrigators (mostly women). The individual farmers produce sugarcane, while the cooperatives mostly produce vegetables. The individual irrigators operate on land provided by the land trusts (under tribal authorities), and the cooperative irrigators operate on state-owned land. The Ndumo B Irrigation scheme is a 500 ha scheme operated by 50 farmers. The farmers produce a wide variety of commodities and production is more commercially oriented. The irrigators belong to two cooperatives, one representing the older and the other, newer block.

The Tugela Ferry (TFIS) and Mooi River Irrigation Schemes (MRIS) are situated in central KZN, under the uMzinyathi District, in the Msinga Local Municipality. The MRIS comprises of about 840 irrigators, drawing water from a 25 km scheme. It is undergoing rehabilitation, and water access is extremely variable. TFIS comprises about 1,500 farmers on 800 ha of land. The TFIS irrigators use various water transmission mechanisms (canal via gravity, diesel and electric pumps) and farmer production is more for subsistence. The farmers operate on an average of 0.4 ha of land allocated through the local tribal authority. Figure 1 shows the location of the irrigation schemes across the province.
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FIGURE 1
 Map of KwaZulu-Natal Province, South Africa.


The systematic random sampling was employed, 306 farmers were selected. Due to the different sizes of the scheme, 100 farmers were selected in the MRIS and TFIS, located in the Msinga Local Municipality. The same sampling procedure was used in the Jozini local municipality, where 60 farmers from the MFIS and 41 from the NIS were selected. Focus group discussions (FGD) were also held in each of the schemes.

Irrigation technology and key contrasting characteristics of the schemes:

• Mooi River Irrigation Scheme.

MRIS is situated in the Msinga Local Municipality. Irrigation water flows through a gravity flow canal from the Mooi River. The scheme is divided into three parts, the upper, middle, and lower tail of the canal, comprising fifteen blocks in total. Farmers get water through distribution canals on specifically scheduled days. The schedule is set by farmers and block committees. The land is allocated by the local tribal authority, and farmers are part of agricultural cooperatives.

• Tugela Ferry Irrigation Scheme.

TFIS is also situated in the Msinga Local Municipality, and farmers irrigate through a short-furrow system. It is an older irrigation scheme that spans across 540 hectares with about 1,500 water-users. Plots in the scheme are allocated by the local tribal authority. Most of the farmers are not part of cooperatives, and water access is subject to fee payment.

• Makhathini Flats Irrigation Scheme.

MFIS is situated in the Jozini Local Municipality, and irrigation water is extracted through a main canal, conveying water to the plots. The scheme has about 538 hectares in use by 600 plot holders. The land is allocated through trusts, and a monthly fee must be paid to the local managing agency for water access. Some farmers in the scheme occupy about 10 hectares of land, while the rest, who are part of cooperatives produce on smaller plots.

• Ndumo Irrigation Scheme.

NIS is situated in the Jozini Local Municipality, is about 500 hectares occupied by about 50 farmers. An underground water conveyance system is used for the extraction of water and diverted into the plots through pipes. Farmers do not pay for water but pay for electricity pro-rata. There are two main cooperatives that farmers belong to the scheme. Land is allocated through the local tribal authority.

Theoretical FrameworkA farmer uses various inputs to yield a quantity of produce that is sold to generate a certain amount of revenue. Assuming that an ith farmer belonging to jth irrigation scheme combines a number of Xi inputs, to attain a Yi in sales, technical efficiency can be associated with a set of group and farm-specific exogenous variables. Technical efficiency is the maximization of output given a certain number of inputs and can be outlined on a production frontier. A meta-frontier envelopes the group-specific efficiencies and helps with the derivation of the technology gap ratio (TGR), which indicates the distance between farms in a certain group to the most efficient in the sample. A meta-frontier is represented in Figure 2, enveloping the group-specific Frontiers 1, 2, 3 and 4. At any given input xi, a water-user's given output relative to the meta-frontier, FM (xji) includes the technology gap-ratio, the water-users' technical efficiency (Fi(xji)), as well as the random noise term (e-ujt < ) (Huang et al., 2014).
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FIGURE 2
 Concept of a stochastic meta-frontier. Source: Melo-Becerra and Orozco-Gallo (2017).




Empirical method of evaluating technical efficiency of water-users in SIS

Water-users maximize output using a combination of inputs. Given the differences in institutional arrangements and production systems, the technical efficiency of water-users is not comparable using a comprehensive production frontier (Huang et al., 2014; Melo-Becerra and Orozco 2017). In maximizing output, the choice of production and input combinations may be affected by factors such as climatic conditions, institutional arrangements, land tenure and water availability, that are beyond the individual's control. Battese and Rao (2002) introduced the application of a meta-frontier to estimate technical efficiencies across different groups. Battese and Rao (2002) and O'Donnell et al. (2008) later introduced a two-step method of estimating technical efficiencies of decision-making units. The first step involves the calculation of efficiencies using stochastic frontiers, while the second stage is composed of linear programming methods to estimate the meta-frontiers. Huang et al. (2014) proposed a new technique that considers a stochastic meta-frontier instead of a mathematical linear programming approach. The advantage of a stochastic meta-frontier method is that statistical properties of the frontier are ensured in the second stage, thus controlling for white noise, as opposed to the mathematical model. As such, this study adopts a Stochastic Meta-frontier Analysis to estimate the technical efficiencies of water-users in the four irrigation schemes.

Suppose for the jth irrigation scheme, the ith water-user's stochastic frontier at a certain period is modeled as:

[image: image]

Where Yji denotes the scalar output at time t, and xjit denotes the scalar inputs of the ith water user in the jth irrigation scheme. The random errors vjit represent statistical noise; a normally distributed error term that captures noise with the notion that deviations from the frontier are due to variables beyond the control of the water-user. ujit are non-zero error terms which represent technical inefficiency. The assumption is that the vji's are distributed independently and are independent of the Uji's (Melo-Becerra and Orozco-Gallo, 2017). The technical efficiency in production is then given by Equation 2:

[image: image]

The technical efficiency is associated with a set of farm-specific exogenous variables within the irrigation schemes. The meta-frontier production function for all water-users in the schemes is defined as fM(xji), where the function is the same for all irrigation schemes. The meta-frontier fM(xji), envelopes scheme production frontiers f (xji), in the following relationship.

[image: image]

where –[image: image] is ≥0, therefore at any given period, fM(.)>f (.) and the ratio between the jth irrigation scheme production frontier and the meta-production frontier gives the Technology Gap Ratio (TGR);

[image: image]

Thus, at any given input level, a water-user's observed output Yji, relative to the meta-frontier (fM(xji) consists of three components, the TGR = e−uMji; the water-user's TE = e−uji; and the random noise term [image: image].

Therefore, at a period of time;
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Following the approach by Huang et al. (2014), the meta-frontier estimation is summarized in Equations 6 and 7.
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[image: image]

where ln[image: image] (Xji) represents the estimates of the irrigation scheme-specific frontier, which should be estimated j times. The estimates ln fj (Xji) from all the schemes are then pooled to estimate the meta-frontier (equation 7). To ensure that the estimated meta-frontier is greater or equal to the scheme frontiers, the TGR is always less or equal to unity. The model was estimated using the Cobb-Douglas and Translog production functions as they are commonly used in efficiency studies in agriculture (Ghoshal and Goswami, 2017; Makombe et al., 2017; Sujan et al., 2017; Njuki and Bravo-Ureta, 2018). The estimated inefficiency models are given by equation 8, as:
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where Uji represents the inefficiency of a water-user in the jth irrigation scheme, O0 represents the constant term, Wj represent the exogenous variables in the model and Oji represents unknown parameter estimates. The choice of functional form to be used in estimating a stochastic production function is important. The Translog and Cobb-Douglas production functions are commonly used in efficiency studies (Ghoshal and Goswami, 2017; Makombe et al., 2017; Sujan et al., 2017). Cobb-Douglas is usually tested against a relatively flexible function form, such as the Translog function (Bezat, 2011; Makombe et al., 2017). Additionally, a test to determine whether inefficiency effects need to be included in the model is performed. This indicates whether non-production or exogenous variables should be included in the model. As such two hypotheses are tested, i.e., that the Cobb-Douglas is more appropriate than the Translog production function, and that inefficiency effects should be included in the model.




Results and discussion


Description of explanatory variables and descriptive statistics

The study estimated the models with a mix of continuous and categorical socio-economic and production variables. Three input variables were used for the estimation of the production function as determinants of efficiency, while ten exogenous variables were used for the inefficiency model. The variables with their expected regression signs are presented in Table 1. The output variable is presented by the product of the quantity produced and price per farm. The area planted was measured in hectares and indicated the total amount of land used in production, fertilizer was computed as the total amount of fertilizer used in production, measured in kilograms. The number of irrigation hours was used as a proxy for irrigation due to the challenge of measuring the water used, as there are no water meters in the irrigation systems. All the production variables were entered in the TE model in logarithmic form. The tenure security variable presents whether an irrigator feels satisfied with the security of land or not. The Governance index is a composite household-level index, generated through Principal Components Analysis (PCA), which includes dimensions such as awareness of policies, perceptions toward stakeholder involvement as well as informal institutions in the schemes. It was computed from likert-scale formulated questions, where farmers would rank their views on the governance in the scheme. Psychological capital is an index which considers how the water user perceives themselves, in terms of their confidence, resilience and hope. Similar to the construction of the Governance Index, farmers were asked questions that would capture elements of self-confidence, business aspiration, and willingness to invest, learn and innovate to advance their farming activities.


TABLE 1 Description and descriptive statistics of explanatory variables.

[image: Table 1]

Table 1 also presents the descriptive statistics of variables used in the model. The results show that the average household size in the schemes is four. It is also evident that water-users in NIS utilize more land than farmers in the other SISs. With an average of 8 hectares, the farmers are more commercially oriented. This is also evident from the average revenues gained in the scheme, which are about tenfold than what water users in the other schemes generate. Water users in the TFIS utilize about 50% less land than MFIS and generate on average 52% of the average farm incomes realized in MRIS. Water users in the schemes also irrigate for relatively similar hours, apart from farmers in NIS who irrigate an average of 11 h per day. Water users in the MRIS have the lowest number of water users that have access to credit (46%) as compared to the other schemes (62, 52, and 72%, for TFIS, MFIS and NIS, respectively). Most of the water-users are co-operative members; however, only 24% of the TFIS farmers are part of cooperatives. In general, most of the sampled water-users feel secure in terms of land tenure, and the schemes are dominated by women, apart from NIS, characterized by only 32.5% of female farmers.



Technical efficiency estimations of water-users in SIS

To test whether the farmers in the schemes belong to the same population, the likelihood ratio test for pooling was conducted through imposing elasticities of land cultivated, fertilizer, and irrigation on other scheme data. The results showed that the MRIS and TFIS belong to two different populations (LR = 19.3, p > 0.05) and as such, two separate production frontiers were estimated. This was further tested by including a dummy variable in the pooled model, which was significant at 5% level, indicating that indeed the two schemes are different. In contrast, the results showed that the NIS was a subset of the MFIS population (LR = 25.2, p < 0.01) and as such, the data was pooled to estimate one frontier for both groups. Henceforth results will be presented for three groups, MRIS, TFIS, and MFIS-NIS.

Table 2 presents the technical efficiency score distribution amongst water-users in KZN. The results indicate that most water-users in the schemes fall in the highest range of efficiency. Only 5% of water-users in TFIS fall in the lowest range of technical efficiency, while MRIS have the highest numbers of water-users in the lowest efficiency range. In general, results indicate a higher percentage of water-users from the TFIS in the highest range of technical efficiency distributions. This is also accompanied by relatively higher percentages of water-users in the lowest efficiency range, for farmers in the MRIS and MFIS-NIS.


TABLE 2 Efficiency score distribution of water-users in SIS in KZN.
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Table 3 presents the Technological Gap Ratios, as well as the average and maximum technical efficiency scores in each SIS. Consistent with the technical efficiency distribution results, the average technical efficiency score in the TFIS is around 0.56, which is higher than the average scores in the MFIS-NIS and MRIS, showing that water-users in the former scheme are more technically efficient. The differences in the mean efficiency scores across the schemes indicate differences in conditions in the schemes, which possibly include, institutional arrangements, production orientation and market access, amongst other factors. The TGR indicate the distance between the scheme frontiers and the meta-frontier. The results indicate that water-users in TFIS are not too far off from the meta-frontier. The average water user in TFIS would have to increase output by 33% using the same combination of inputs if they were to achieve the technical efficiency of their most efficient counterpart. Water-users in the MRIS and MFIS-NIS must increase their output by 57 and 45% using the same combination of inputs, respectively, to attain the technical efficiency of the most efficient farmer.


TABLE 3 Technology gap ratios and average technical efficiency scores in KZN SIS.

[image: Table 3]

Considering the presence of differences across the schemes, when estimating efficiency across the schemes, it cannot be assumed that the same production functional form is appropriate for all the groups (Makombe et al., 2017). Therefore, the Translog production function is estimated for each of the three groups schemes. The F-statistic is then used to determine the suitability of the Translog, which if not statistically significant, is reduced to Cobb-Douglas form specifications. The results indicate that the Translog model estimated for the TFIS is not statistically significant (p-value = 0.64), showing that the six coefficients on the squared and interaction terms are zero. Therefore the frontier was estimated using the Cobb-Douglas specifications. The Translog function for both the MRIS and MFIS-NIS yielded F-stats that are statistically significant at the 1% level, showing that the interaction and square terms should be included in the models, and as such, were specified in Translog form.

The second test performed was to determine whether the inefficiency effects need to be included in the model. Also presented in Table 4 are gamma (ɤ) values for each of the schemes. The ɤvalues are derived from the SigmaU and SigmaV in the model. If ɤ= 0, the technical inefficiency is not present and therefore, the stochastic frontier model does not need to be estimated. The closer ɤis to unity, the more likely it is that the frontier model is appropriate, and the higher the contribution of the explanatory variables to the inefficiency in the model. A lower gamma value indicates that inefficiencies are mainly caused by factors beyond the control of the water user. The TFIS and MRIS have gamma values close to one, 0.8 and 0.9, respectively. The rejection of the null-hypothesis of the absence of gamma, shows that external shocks affect water-users' inefficiency, and possible errors of measurement.


TABLE 4 Stochastic frontier estimates of technical efficiency in SIS.
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The stochastic frontier estimated for irrigation schemes yielded maximum likelihood estimates of sigmaU2 that are statistically significant, indicating that the technical inefficiency effects are significant in explaining the variability of total revenue generated in the schemes. Table 4 presents the maximum likelihood results of the frontier models estimated. The elasticities in the meta-frontier model are statistically significant, indicating that an increase in area, labor and fertilizer utilized can significantly increase mean agricultural revenue generated from irrigated crop production. Although the production input estimates are all significant in the meta-model, they differ in the level of significance across the schemes.

In MRIS, only area, and fertilizer utilized are statistically significant. The elasticities suggest that ceteris paribus, a 1% increase in land and fertilizer used increases mean farm revenue by 0.532 and 0.123%, respectively. Although irrigation and fertilizer utilized increase mean farm incomes in TFIS, only the land elasticity of 0.021 is statistically significant, as such it is encouraged that farmer increase their land usage through rental, using communal land or purchasing of land The irrigation hours elasticities are statistically significant in the MFIS-NIS model, indicating irrigation's contribution to the mean incomes in the schemes. The fertilizer elasticity in the NIS model is statistically significant, showing that a 1% increase in fertilizer increases mean revenue by 0.33%. This is as expected, due to the production orientation of farmers in the schemes who produce on a larger scale and use more fertilizer. The interaction and the squared variables in the MRIS are all statistically significant.

Increasing returns to scale are evident in the MRIS for area utilized, irrigation hours, as well as the interaction variable of area and irrigation, and fertilizer and irrigation hours. This is a strong indicator of the importance of irrigation water on farm revenue. It shows that water-users should have water available for irrigation when needed this is consistent with the findings of Sinyolo et al. (2014) who found that water access and security have a positive effect on economic well-being. This is particularly key in MRIS, where, during focus group discussions, farmers mentioned that water access for crop production is challenging, mostly due to users on the upper end of the canal extracting water outside their scheduled irrigation days. Increasing returns to scale are also evident in the MFIS-NIS group for irrigation. In MFIS, farmers must pay a monthly fee for water, which they at times cannot afford. Infrastructure problems such as lack of maintenance of irrigation equipment also prevent water-users from accessing adequate water in the NIS. Therefore, efforts to increase irrigation access and reliability in both schemes should be prioritized.



Technical inefficiency effects

Table 4 also presents technical inefficiency effects. The dependent variable in the model, represented by Lnsig2u, is technical inefficiency; therefore, a negative sign on the coefficient estimate in the model indicates that the variable improves technical efficiency. Overall, most of the resulting parameter estimates make economic sense. The results show that female water-users are more likely to be efficient as compared to their counterparts in the MFIS-NIS group. Apart from most of the farmers being female, most rural women lack resources and therefore would be more judicious with the use of their resources. This is in contrast with the findings of Gwebu and Matthews (2018), who found male farmers more efficient than female ones in smallholder tomato production in South Africa.

Most of the male farmers in the schemes are more business-oriented and usually have better access to markets, compared to the female farmers, who generally produce for subsistence. However, the results suggest that female farmers are more efficient in their production, this is because when resources are scarce, they are most likely to be used efficiently. The finding is consistent with Agyeman et al. (2014), who found a positive effect of female household head on household income diversification. This could also be a result of female farmers being solely dependent on agriculture for their livelihoods while their male counterparts also use their time on other income-generating activities. Therefore, to enhance their efficiency further and to improve the efficiency of the male farmers, empowerment through better access to markets, institutional support, as well as credit access, is needed to improve their efficiency. The results indicate that age has a positive effect on technical inefficiency in the MFIS-NIS model, showing that younger farmers perform better. This finding is consistent with Duhan and Singh (2017) and Gandasari et al. (2021), who found that younger farmers accumulate information from different sources. Younger farmers are more willing to adopt new technologies and find new markets and are therefore more likely to perform better than older farmers. Water users that have access to credit are more efficient in the MRIS, as shown by the statistically significant coefficient estimate. During FDGs, farmers indicated their lack of access to credit, which inhibits them from purchasing production inputs, whose increase would improve mean outputs and consequently, revenue. Farmers also noted that the lack of collateral and ownership of land plays a role in their failure to secure credit. As such, micro-finance institutions should consider terms in which producers who do not own land or have less surety can be provided with necessary financial assistance.

The coefficient estimate of water adequacy shows that water-users across the schemes who perceive that irrigation water is adequate for their cropping requirements tend to be more efficient. The supports the findings of Adetoro et al. (2022) who suggested that adequate water availability has positive effect on the consumption expenditure per capita of farmers. Availability of irrigation water plays a significant role in determining the production approach a farmer adopts. The model results show that farmers that are satisfied with their water supply are most likely to be efficient in their combination of inputs. Cooperative membership improves efficiency in all the schemes; however, the variable is statistically significant in the MRIS. This could be because most of the water users in the TFIS included in the study (76%) are not cooperative members, and although farmers in MFIS-NIS are officially part of co-operatives, they do not operate as such (most farmers are individualistic in their production. The coefficient estimate is particularly statistically significant in the MFIS where most farmers are part of cooperatives. This is consistent with Debebe et al. (2015) and Herbert et al. (2015), who noted that membership of social groups has a positive impact on resource management and performance. This could be attributed to the information sharing that takes place in most agricultural cooperatives. Cooperatives can be efficient institutions to foster development and productivity of farmers (Chagwiza et al., 2016) and as such water-users should be encouraged to be part of social groups, provided the groups are well managed and operated.

Water-users that have secure land tenure tend to be more efficient than those that do not, as shown by the negative parameter estimates. The coefficient estimate is statistically significant at the 5% level in the MRIS. The finding is consistent with Manjunatha et al. (2013), Ebarle et al. (2014), and Lawin and Tamini (2018), who found that land ownership is also positively related to farm performance. Although the farmers do not own the land, the mere feeling of security encourages investment in the land and the confidence to produce with minimal risk of land being confiscated. Therefore, arrangements such as long-term lease agreements and purchasing of the land should be encouraged, as it might have a positive impact on technical efficiency.

The results indicate that farmers that have undergone agricultural training are more efficient than those who have not, consistent with the findings of Urdiales et al. (2016), who found that the higher the hours of agricultural instruction hours, the more efficient the farm is. The variable is statistically significant in all but the MFIS-NIS. Farmers who have received agricultural training have a better understanding of input combination and therefore, are most likely to maximize their revenue. The coefficient is not statistically significant in the MFIS-NIS because even though farmers in the scheme have received training, they emphasized that they require training on how to penetrate the value chain, rather than being trained for agricultural production only. Although farm valued the training on how and when to plant, they indicated that they would also like to get training on marketing, financial management and pricing, all which influence revenue. Picazo-Tadeo et al. (2011) also found no effect of training on farmer's eco-efficiency and suggests that training could be improved through providing a holistic approach. Therefore, agricultural training should be offered to water-users and needs to be broadened to include other aspects such as marketing and pricing.

Psychological capital, which involves an individual's resilience, hope and confidence in themselves, makes economic sense in the MRIS, TFIS and MFIS-NIS models. The results show that water-users with higher psychological capital are likely to be more efficient. The results suggest that farmers that are confident in themselves as business owners, who do not lose hope, are resilient and willing to take risks are more likely to be more efficient (Chipfupa and Edilegnaw, 2018). As such, policy should be focused on developing the entrepreneurial spirit and independence of farmers through business training and extension services. Incentivized programs and sustainable access to markets could also encourage farmers to be more business-oriented and confident in their enterprises.

The results also show that water-users with higher governance index are likely to be more efficient. A higher governance index indicates a better understanding and perception of policies and strategies. They have a more enlightened perception of the governance and management of the scheme and are also satisfied with the involvement of governmental stakeholder involvement in the scheme. Therefore, farmers should be made aware of policies and even the roles of various stakeholders in the scheme, for them to seek the necessary support when needed. It also shows that if farmers understand and are satisfied with how the scheme is governed, they are more likely to perform better.




Conclusions and policy recommendations

Evaluating the factors that influence the performance of water-users is crucial for the development of smallholder irrigation policies and interventions. This is particularly important given the increased reliability of production on irrigation water usage and the contribution of smallholder production to rural food security. Using production economic methods to evaluate performance of water-users, the study concludes that the increase in production outputs, land, fertilizer, and labor, positively impacts agricultural revenue, and thus the performance of an agricultural producer. A combination of socio-economic, institutional, and social factors influences water-users' efficiency in SISs. Therefore, there is a need for a balanced approach when devising ways of improving the performance of SIS. Interventions should consider both technical factors in performance analysis and institutional arrangements that impact the schemes.

Considering that land tenure, credit access, psychological capital, governance index, cooperative membership positively affects water-user efficiency, interventions should be directed to these factors. Better land leasing arrangements, such as long-term lease agreements should be encouraged. This could encourage on-farm investments by farmers, thus improving performance. Improved management and operation of cooperatives would encourage information sharing and make participating farmers improve efficiency. Better terms for low-collateral farmers should be considered in financial institutions, as credit access enhances farmer efficiency. An improvement on better access to markets and water adequacy should be emphasized in policy interventions, as these are key to profitability and productivity in smallholder irrigation schemes. Land tenure security, governance index, water adequacy and cooperative membership are variables which are directly or indirectly affected by institutional arrangements in the schemes.
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