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Abstract
In Eswatini, Smallholder vegetable farming is widely recognized as an effective pathway for improving rural incomes because vegetables generally have higher economic returns per unit area than staple crops and can be harvested several times within a year. This study seeks to identify and analyze the socio-economic, institutional, and farm-level determinants of income among smallholder vegetable farmers in Eswatini. The study purposively sampled 199 vegetable farmers who are contracted with NAMBoard and were part of the Market-oriented Climate-Smart Agriculture project. These were sampled from a population of 946 vegetable farmers contracted with NAMBoard. The data were collected using a structured questionnaire which was validated by a panel of experts from the department of Agricultural Economics and Management. Face-to-face interviews were used to minimize non-response error. The data were analysed using STATA version 14 an econometric statistical package. In modelling the determinants of farmers’ income, the multiple linear regression model in double log form was used. The findings indicate that the determinants of farmers’ income are distance to output market, annual household income, access to credit, climate-smart project participation, and participation in another climate-smart agriculture project.  The study recommends that policies targeting the improvement of market accessibility, financial inclusion, and climate-smart agricultural development are likely to generate substantial income gains among smallholder vegetable farmers in Eswatini. 
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Introduction
Agriculture remains one of the most important sectors of the economy in Eswatini, contributing significantly to employment, food security, poverty alleviation, and rural development. The sector improves livelihoods for a substantial proportion of the population, particularly in rural areas where smallholder farming constitutes the primary source of income and household sustenance (Government of Eswatini, 2023). Within the agricultural sector, vegetable production has gained increasing importance due to its contribution to household nutrition, income generation, and employment creation. The growing demand for fresh vegetables in urban and peri-urban markets provides opportunities for smallholder farmers to enhance their livelihoods through market-oriented production (Dlamini-Mazibuko et al., 2019).
Smallholder vegetable farming is widely recognized as an effective pathway for improving rural incomes because vegetables generally have higher economic returns per unit area than staple crops and can be harvested several times within a year (Rugube et al., 2019). In Eswatini, vegetables such as cabbage, tomatoes, onions, spinach, carrots, and green peppers are among the most commonly cultivated crops by smallholder farmers. The Government of Eswatini and various development agencies have promoted vegetable production through irrigation development, extension services, and market-linkage programs aimed at improving agricultural commercialization and food security (Government of Eswatini, 2023).

Despite these efforts, income levels among smallholder vegetable farmers remain highly variable and generally low. Many farmers face challenges such as limited access to productive resources, inadequate irrigation facilities, high input costs, poor road infrastructure, fluctuating market prices, limited access to credit, and insufficient market information. These constraints reduce productivity and profitability, thereby limiting the contribution of vegetable farming to household income and rural economic development (Dlamini et al., 2022). Furthermore, climate change and recurrent droughts continue to pose significant risks to the horticultural sector especially vegetable production in Eswatini, particularly for farmers who depend on rain-fed agriculture (FAO, 2022).

Studies conducted in Eswatini and in the sub-Saharan Africa have shown that agricultural income is influenced by a combination of socio-economic, institutional, and farm-specific factors. These include farmers’ age, education level, household size, farming experience, farm size, access to extension services, access to credit, access to irrigation, market participation, and adoption of improved production technologies (Kibirige et al., 2024; Rugube et al., 2019). For instance, Rugube et al. (2019) found that land size, gender, and household size significantly influenced the profitability of vegetable farming in the Shiselweni Region of Eswatini. Similarly, access to extension services and markets has been associated with improved farm productivity and higher incomes among smallholder farmers in developing countries (World Bank, 2021).

Although vegetable farming has considerable potential to improve rural livelihoods in Eswatini, many smallholder farmers continue to experience low and unstable incomes. Existing studies have primarily focused on profitability, production constraints, and market participation, while limited empirical evidence exists regarding the specific determinants of income among smallholder vegetable farmers in the country. Consequently, policymakers and development practitioners often lack adequate information on the key factors that drive income differences among vegetable-producing households. Without such information, the formulation of targeted interventions aimed at increasing farmers’ incomes and reducing rural poverty remains challenging.

Therefore, the problem addressed by this study is the persistent low and uneven income levels among smallholder vegetable farmers in Eswatini despite the growing importance of vegetable production as a livelihood strategy. Understanding the factors that influence farmers’ income is essential for developing evidence-based policies and programs that enhance productivity, profitability, and market participation. This study seeks to identify and analyze the socio-economic, institutional, and farm-level determinants of income among smallholder vegetable farmers in Eswatini. The findings are expected to contribute to the existing body of knowledge and provide practical recommendations for improving the welfare and economic sustainability of smallholder farming households.

Methodology
Study Area
The Kingdom of Eswatini is located in Southern Africa between Mozambique at 31˚ 30΄E and occupies an area of 17400 square kilometres. It has a population estimated at 1 286 million people (FAO & WFP, 2015). The climatic conditions are best suited for farming especially vegetable farming. The climatic regions have unique climatic conditions across the various topography and ecosystems, varying from sub-humid and temperate in the Highveld to semi-humid and warm in the Lowveld.
 The mean monthly temperature ranges between 150 C and 23.40C while the mean monthly rainfall of the country varies from 11.9 mm in June to 143.3 mm in January resulting to an yearly total average precipitation of 810.8 mm, for latest climatology, 1991-2020 (World Bank, 2021). The study area was chosen for the study because the climate and soil type is favourable for vegetable production, with availability of optimum water supply for crop production (Sithole & Grenoble, 2010).
Population and Sampling
The study purposively sampled 199 vegetable farmers who are contracted with NAMBoard and were part of the Market-oriented Climate-Smart Agriculture project. These were sampled from a population of 946 vegetable farmers contracted with NAMBoard across the four administrative regions of the country.
Data Collection
The data were collected using a structured questionnaire which was validated by a panel of experts from the Agricultural Economics and Management department. Face-to-face interviews were to minimize non-response error.


Data Analysis
Estimating Net Income from Vegetable Production
Profitability in farmers’ field permits for re-optimization in the use of other inputs. The analysis of the profit/net revenue for CSA vegetable farmer will be determined using:
……………………………………………………………………  (1)
Where:
  = profit (net revenue), Q = output, P = price, l = labour with unit cost of wage and costs of inputs and CSATs with unit cost r
Modelling the Determinants of Income using the Multiple Linear Regression model
Multiple Linear Regression Model
The model was used to measure the determinants of income among smallholder vegetable farmers. The dependant variable used was the natural logarithm of the net income of the vegetable farmers’ household. The explanatory variable included in the model include age, farm size, gender, marital status, access to credit, household size, farming experience, and education level of the farmer. The regression model is specified as follows:
Y = (X1, X2,X3, X4, X5 , X6, X7, X9, X10, Xn…. )…………………………………(2)
The explicit form is thus represented as.
Linear Form for the Determinants of Income
  ………..(3)
Where:
 = The net income of the ith vegetable farmer household
 = regression coefficients
 = Explanatory Variables
 = Error Term

Double Log Form Equation for the determinants of Income
  ………………………………….(4)   
Where:
The dependent variable will be  which denotes the logarithm of the net income of the ith vegetable farmer household.
 = Explanatory variables
 = parameters to estimated
 = y-intercept
[bookmark: _Toc203604649][bookmark: _Toc203605183] = error term
Table 1: Description of Variables Used in Modelling Determinants of Farmers income
	Variable name 
	Variable Description
	Nature of the variable

	Dependant variable
	
	

	Net income from vegetable production
	Natural logarithm of farmers net income from vegetable production
	Continuous

	Explanatory Variables

	Age
	Actual years
	Continuous

	Education level
	Years of schooling (years)
	Continuous

	Gender
	1= male, 0=female
	Dummy

	Household size
	number of members
	Continuous

	Farming experience of the famer
	Number of years in vegetable farming (years)
	Continuous

	Access to Credit
	 1 = yes, 0 = No
	Dummy

	Farm size
	Measured in Hactares (Ha)
	Continuous

	Marital status
	1 = married, 0= otherwise
	Dummy


Source: Author
[bookmark: _Toc201152881]Results and Discussions
Income Distribution of Vegetable Farmers
[bookmark: _Toc203589242][bookmark: _Toc203589247]Table 2 below show the income distribution of the smallholder vegetable farmers. Frequency, percentage frequency and mean net income have been used to explain the distribution of the income of vegetable farmers. The net income from vegetable production was divided into ten equal classes called deciles. The results in Table 2 also show that the income distribution is skewed to the right. The vegetable farmers with the least mean net income formed 14.43% of the sampled vegetable farmers and had mean net income of five thousand Emalangeni. The percentage frequencies increase with increasing mean net income among the vegetable farmers. These results indicate that the farmers’ welfare is better off in term of income from vegetable production.


Table 2: Income Distribution of Vegetable Farmers
	Net Income Groups
	Frequency
	Percentage Frequency
	Mean Net Income (E)

	0-5000
	57
	14.43
	5000

	5000-9000
	25
	6.33
	7568

	9000-15000
	37
	9.37
	12081.08

	15000-30000
	51
	12.91
	24421.57

	30000-36647
	166
	42.03
	36543.53

	36647-55000
	20
	5.06
	45500

	55000-95001
	39
	9.87
	81820.51

	
	395
	100.00
	


Source: Author Computation Survey Data 2024

[bookmark: _Toc201152883]Determinants of vegetable farmers’ income
[bookmark: _Toc203589250][bookmark: _Toc203589248]Table 3 presents the Ordinary Least Squares (OLS) regression results for the determinants of income among smallholder vegetable farmers. The overall model is statistically significant (F(11,305)= 6.08, p<0.001), indicating that the explanatory variables jointly influence farmers’ income. The coefficient of determination (R2 = 0.3181) suggests that approximately 31.8% of the variation in household income is explained by the variables included in the model.
The study used the multiple linear regression to identify and analyse the determinants of income of smallholder vegetable farmers. The study analysed eleven determinants of net income of smallholder vegetable farmers including, farming experience, distance to output market, food expenditure, access to credit, climate-smart project participation, off-farm income, risk attitude, access to transport, participation in another CSA project and farm size . The results of the study indicate that only five determinants were significant which include: distance to output market, annual household income, access to credit, climate-smart project participation, and participation in another CSA project. 
Distance to Output Market
The distance to output market negatively and significantly influences the net income of the vegetable farmers at the 10% significance level. The coefficient indicates that a one-unit increase in distance to the market reduces farmers’ income by approximately 7.8%. Longer distances to output markets are associated with increased transportation costs which decreases the net income of the vegetable farmer.  Greater distances increase transportation costs, reduce market participation, and expose farmers to post-harvest losses, especially for perishable vegetable products. The results concur with Teshome and Al-Khalil (2013).
Economic implications: market accessibility is a determinant of farm profitability.
Policy implication: investment in rural roads, collection centres, aggregation facilities, and local vegetable markets can reduce transaction costs and improve farmer’s income. 
Annual Household Income
Annual household income positively and significantly increases the net income of the farmer. The results indicate that a one Lilangeni (E1.00) increase in annual household income increases the income of the farmer by 6.97%. An increase in annual household income means an increase in financial resources to purchase more inputs for vegetable production. This result suggests that households with greater financial resources can invest more in productive inputs, irrigation technologies, improved seed varieties, fertilisers, and labour, thereby enhancing agricultural productivity and farm income.
Economic implication: household financial capacity remains a critical factor in agricultural commercialisation and income generation.
Policy implication: government should strengthen initiatives that improve household earning capacity through value-chain development, market access enhancement, and support for agricultural enterprises.
Access to Credit
Access to credit positively and significantly influence the income of the farmer at the 10% level of significance. The results indicate that when farmers have access to credit income increases by 25.9%. Farmers with access to credit often have enough financial resources for inputs acquisition, adopt modern technologies, and finance production activities that results to improved production and profitability. Furthermore, access to credit help farmers diversify income generating activities hence minimising risk of total loss. These findings concur with Isibor et al. (2024) and Sallawu et al. (2016). 
Economic implication: Financial capital plays an important role in overcoming liquidity constraints that limit agricultural investment.
Policy implication: financial institutions and policymakers should expand affordable agricultural credit schemes tailored to the needs of smallholder vegetable farmers

Participation in Climate-Smart NAMBoard Project
Climate-Smart Agriculture (CSA) NAMBoard project participation positively and significantly increases the income of the farmer. The results indicate when the vegetable farmer is a CSA project participant the income increases by 24.1% more than non-participants. The results indicate that farmers participating in CSA NAMBoard projects have an increased probability of adopting CSAT which increases vegetable yields, hence the income. This finding demonstrates the economic benefits of climate-smart agricultural interventions, including improved production practices, training, and market linkages.
Economic implication: climate-smart agricultural programmes can contribute to increased farm productivity and income generation.
Policy implication: the government and development partners should scale up CSA programmes and increase farmer participation through improved outreach and extension services. 
Participation in another Climate-Smart Agriculture Project
[bookmark: _Toc203589251]Participation in another CSA project positively and significantly increases farmers’ income. This result indicates that farmers participating in climate-smart initiatives earned approximately 11.4% units more income than non-participants. Participation likely improves access to technologies, training, information, and institutional support that enhance productivity and profitability.
Economic implication: climate-smart agricultural interventions can strengthen livelihood outcomes and improve farm performance.
Policy implication: policymakers should promote broader adoption of climate-smart agricultural technologies and support multi-stakeholder partnerships that facilitate farmer participation in such programmes.






Table 3: Determinants of Income of Smallholder Vegetable Farmers
	Variable
	Coefficient
	Standard error
	T statistic

	Farming experience
	0.079
	0.109
	0.73(0.465)

	Distance to Output Market
	-0.078
	0.047
	-1.66(0.099)**

	Household Food Expenditure
	0.052
	0.049
	1.07(0.287)

	Annual Household Income
	0.697
	0.097
	7.18(0.000)***

	Access to credit
	0.259
	0.153
	1.70   (0.091)*

	CSA NAMBoard  Project Participation
	0.241
	0.138
	1.74 (0.083)*

	Off-Farm Income
	0.083
	0.141
	0.59  (0.558)

	Risk Attitude
	-0.00001
	0.00007
	-1.48  (0.140)

	Access to Transport
	0.006
	0.178
	0.03  (0.974)*

	Participation in Another CSA Project
	0.114
	0.64
	1.79(0.074)*

	Farm size
	0.026
	0.088
	0.29(0.769)


Source: Author computation from sample survey data (2024) *** = P < 0.01; ** = P < 0.05; * = P < 0.10 p-value; F(11,304)=6.08; Prob >F = 0.000; R2 =0.3181

Conclusion and Future Work
The study concludes that annual household income, access to credit, participation in climate-smart agriculture projects, and proximity to output markets are the key determinants of vegetable farmers’ income. While distances to markets negatively affects income, access to financial resources and participation in climate-smart agricultural interventions significantly improve farmers’ earnings. Therefore, the study recommends that policies aimed at improving market accessibility, financial inclusion, and climate-smart agricultural development are likely to generate substantial income gains among smallholder vegetable farmers in Eswatini. 
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