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Abstract: High-value market chains offer a promising opportunity for smallholder farmers and have the
potential to improve their livelihoods. However, the effect of these markets on livelihood outcomes is not
well established. A study was conducted to investigate the effect of participation in high-value markets
(HVM) on asset ownership among smallholder vegetable farmers in the Arumeru District. Using the
Sustainable Livelihood Approach as a framework, the study applied a cross-sectional research design.
Data were collected through household surveys, focus group discussions and key informant interviews.
The study aimed to assess the effect of participation in HVM on farmers’ ownership of livelihood assets
while addressing potential selection bias. The analysis was conducted using Propensity Score Matching
techniques. The findings indicated that farmers who participated in HVM experienced significantly
greater improvements in physical, natural, and human assets compared to non-participants (p < 0.01).
The study concluded that participation in HVMs positively influences asset ownership among
smallholder farmers. To further enhance these effects, ongoing collaboration between state and non-state
actors is needed to provide essential business support services to smallholder farmers, increase their
productivity, and improve the quality of agricultural commodities. Supporting smallholder farmers in
these areas could facilitate their entry into HVMs and ultimately enhance their livelihoods.
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1. Introduction

The horticultural industry plays a crucial role worldwide in providing livelihoods,
ensuring food quality, generating income, and offering employment opportunities (Misra &
Baskaran, 2020). With rapid population growth and emerging demand for high-quality and
specialized products, this sector is expected to support food and nutritional security worldwide
(Adebayo et al., 2020). The trade of horticultural crops, including flowers and vegetables, is vital
for job creation. In countries like India, vegetables account for nearly 18% of agricultural output
(Gogoi, & Borah, 2013). In Kenya, horticulture is a crucial source of income, employing over six
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million people. Notably, women constitute a significant portion of the workforce, accounting for
75% of those engaged in the industry (Bhatti et al., 2022).

In Tanzania, the horticulture industry is characterized by a dominance of small-scale
farmers. These farmers comprise over 70% of producers and typically cultivate plots under two
hectares, relying heavily on manual labour (Dey & Singh, 2023). The sub-sector boasts a
remarkable 10% annual growth rate, exceeding the overall agricultural sector growth of 4%
(Jaworski et al., 2023). This impressive performance is fuelled by the cultivation of a wide range
of horticultural crops, including fruits, vegetables, spices, and medicinal plants. The industry
plays a crucial role in ensuring food security, fostering economic growth, and creating
employment opportunities (Hlatswayo et al., 2023).

Smallholder farmers can benefit from diversifying their economic activities through
vegetable cultivation (Bhandari & Paudel, 2021). Access to profitable markets, such as high-
value markets (HVMs), can significantly affect their income, well-being, and rural development
(Debie & Anteneh, 2022; de Brauw & Swinnen, 2023). High-value markets are more lucrative
outlets for agricultural produce compared to traditional markets. In the Tanzanian vegetable
value chain, these markets reward farmers for adhering to specific practices that enhance
product value, such as sorting, arranging, cleaning, slicing, blending, packaging, and labelling
(Makule et al., 2024). HVM includes supermarkets, tourist hotels, fast food chains, and
restaurants. Unlike traditional markets, where product quality and value vary, HVM
emphasizes strict quality specifications. Marketing of agricultural produce usually involves
formal contracts or structured agreements that specify important details such as quantity,
quality, pricing, production location, production, and postharvest practices. This often leads to
more competitive pricing.

By meeting the required standards, smallholder vegetable farmers can gain access to these
markets and improve their farming practices and business orientation (de Brauw & Swinnen,
2023). Shifting to HVM is essential for smallholder vegetable farmers to achieve sustainable
livelihoods and inclusive growth, as HVM focuses on product quality and standards (Manda et
al., 2021; Huka et al., 2024). Participation in HVM helps address challenges like limited finance,
adoption risks, and spoilage through strong relationships with buyers who provide production
support (de Brauw & Swinnen, 2023). However, only 4% of smallholder vegetable production
reaches HVMs, with the remaining 96% being sold locally or through middlemen, negatively
affecting farmers' livelihoods (Agholor et al., 2023). Many smallholder farmers participate in
local (farm-level) markets, which are easier to access, less competitive, and have fewer stringent
volume and quality requirements than the HVM.

Farmers selling in the traditional vegetable markets face several livelihood challenges.
First, they are vulnerable to market risks, such as price fluctuations, due to the inability to
bargain effectively. Second, the potential for increasing earnings is restricted, as farmers
primarily supply low-value vegetables. Third, farmers can potentially sell limited quantities of
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vegetables due to buyers’ limited capacity for storage and distribution, further hindering
growth in vegetable production and market development (Kilima and Kurwijila, 2020). The
long-term effect of these challenges is linked to farmers’ inability to invest in improved
production methods which negatively impacts their earnings and chances of improving their
livelihood outcomes (Widadie et al., 2024; Ma et al., 2024).

Limited access to market information and communication services has been identified as a
hindrance to the participation of smallholder farmers in the HVM and upholding good
agricultural practices (Waris & Kumar, 2022; de Brauw & Swinnen, 2023). However, the
government of Tanzania, in collaboration with development organizations, has implemented
various value-chain programs to support smallholder farmers in the vegetable sector. One of
the notable interventions is the Tomato Value Chain Information System (ToVCIS) introduced
to improve communication; farmers' access to market information, and their ability to negotiate
(Nyamba et al., 2020). Another intervention is the introduction of smart drip irrigation Kkits,
which have significantly enhanced crop productivity, farmers' resilience to production shocks,
and enhanced earnings (Bhatti et al., 2022).

Challenges linked to the inadequate provision of vital business support services have also
been reported (Waris & Kumar, 2022; de Brauw & Swinnen, 2023). Many smallholder vegetable
farmers in Tanzania face financial constraints that hinder their ability to invest in yield-
enhancing inputs and access post-harvest services. Recent efforts by the government of
Tanzania to tackle these challenges include instituting policies to boost vegetable production,
improving farmers' access to essential inputs and diverse business support services, and
enhancing storage and processing facilities to reduce post-harvest losses (Ruta, 2024). These
initiatives aim to improve productivity, market access, and overall livelihoods.

Studies have shown that smallholder farmers can benefit from engaging in profitable
markets (Yanuartati, 2023; Mpogole et al., 2023), but the livelihood impact of these benefits is
expected to vary across commodities, locations, and domains of the livelihood outcomes (DFID,
2001). Farmers’ involvement in the HVM is expected to have better livelihood outcomes than
their counterpart farmers who are not involved in these markets. Their asset portfolio is also
likely to improve with an overall improvement in well-being and resilience to economic and
environmental shocks. Market participation can enhance farmers' access to better-quality land
and improve productivity (Abebe et al., 2021). However, this advantage often diminishes in
regions facing severe land degradation, leading to low agricultural yields and food security
(Pozza & Field, 2020). Similarly, market participation allows farmers to increase and diversify
income sources and access financial services, which helps them buffer shocks and reinvest in
farming. However, farmers experiencing price fluctuations are likely to be more vulnerable to
financial instability (Huka et al., 2024). Market participation provides farmers with exposure to
innovative farming techniques and market intelligence, strengthening their decision-making
abilities and boosting both productivity and earnings (Mmbando et al., 2017; Li et al., 2023). The
resulting increase in income can also lead to improvements in health, contributing to a more
available and productive labour force and optimized land utilization (Mkuna & Wale, 2022).
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Moreover, market participation is expected to foster robust social networks as farmers
interact with various market actors, enhancing their access to information, bargaining power,
and social cohesion (Mdoda, 2023). Collective action through co-operatives further strengthens
their collaboration by enabling them to aggregate products, negotiate favourable prices, and
reduce costs, thereby boosting their market power (Kilima, 2021). However, social exclusion can
hinder these benefits for marginalized groups like women, who may face barriers to market
entry, limiting their prospects of gaining from market opportunities (Singh-Peterson &
Iranacolaivalu, 2018).

Market participation can incentivize farmers to invest in essential infrastructure such as
storage, irrigation, and transportation, thereby enhancing productivity and reducing post-
harvest losses. It also encourages investment in modern farming equipment for more efficient
production and distribution (Melaku, 2019). However, farmers in remote areas often face
challenges due to inadequate physical capital, hindering their ability to fully capitalize on
market opportunities (Haile et al., 2022). In rural areas, inadequate public services and
infrastructure hinder the attraction and retention of businesses, thereby exacerbating the
challenges faced by farmers. The lack of essential infrastructure, such as reliable transportation
and communication networks, limits economic opportunities and impedes the development of
local markets. This situation not only stifles economic potential but also diminishes the quality
of life in rural communities. Similarly, limited access to financial services in remote areas can
restrict farmers' ability to invest in essential infrastructure and equipment.

Our research addressed the complex and context-specific effects of market participation
on farmers' livelihoods, focusing on the effects across different asset categories disaggregated
by farmer's participation status. While existing literature acknowledges the broad benefits of
market engagement, a nuanced understanding of these effects remains limited. This study aims
to fill this gap by examining the effect of HVM participation on asset ownership among
smallholder vegetable farmers. By disaggregating the analysis and focusing on distinct asset
categories, this research will contribute to the literature on market participation and livelihood
assets, revealing potential variations in the effect of HVM engagement. This detailed
examination will provide valuable insights for policymakers and practitioners seeking to
optimize the benefits of market participation for smallholder farmers, particularly in the context
of high-value agricultural commodities.

2.  Theoretical Framework

The conceptual framework for the study underscores that smallholder farmers' market
participation aligns closely with the Sustainable Livelihood Approach (SLA), as it plays a
critical role in enhancing multiple forms of human, social, physical, natural, and financial assets
(DFID, 2001). The framework focuses on understanding how these forms of assets contribute to
the well-being and resilience of smallholder farmers. It explores how market participation can
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enhance farmers' livelihood assets leading to long-term improvements in income, resilience,
empowerment, and well-being (Mchopa & Jecknoniah, 2018).

The potential for smallholder vegetable farmers to achieve surplus production for market
sales, in either traditional or HVM; is contingent on a complex interplay of cultural,
socioeconomic, and institutional factors that shape their capacity to produce and market their
crops (Abafita et al., 2016; Ademe et al., 2017). Experience shows that the farmers' market outlet
choices yield inconsistent outcomes (Cousins, 2012). Smallholder farmers, who are relatively
poor and potentially less commercialized, have limited capacity to meet the demands of the
buyers in HVM. Therefore, they generally sell in traditional markets, accepting lower prices and
less quality control (Kilima & Kurwijila, 2020). Conversely, smallholder farmers who can meet
the demands of HVM have the potential to achieve substantial gains beyond price, securing
access to stable value chains and bolstering their livelihood assets (Donovan & Poole, 2014). Our
study used the SLA and propensity score methods to analyse how smallholder vegetable
farmers build their assets over time and how their choice of market outlets i.e., HVM vis-a-vis
traditional, relates to variations in their natural, human, social, physical, and financial assets.
This knowledge is essential for shaping policies that focus on strengthening farmers' asset base,
including prioritizing the provision of key business development services and reinforcing social
networks to enhance market engagement and resilience.

Literature acknowledges several limitations of the SLA such as its complexity linked to
the difficulties in measuring intangible assets like social assets, and the challenge of integrating
various livelihood dimensions across different contexts. Additionally, the framework often
overlooks power dynamics and external factors such as policies or environmental changes that
influence farmers’ livelihoods (Morse & McNamara, 2013; Natarajan ef al., 2022). To overcome
these limitations, we adopted a flexible and context-specific approach incorporating mixed-
methods research to capture both qualitative and quantitative data. The survey also adopted
stringent on-site oversight to ensure the information collected was accurate, and representative
of the study population, the process entailed wider consultation with key informants and
deployed relevant measures to validate the gathered data and information.

3.  Empirical Framework

The empirical model adopted in our study was implemented in four sequential steps
starting with the propensity score estimation (Guo et al., 2020; Hui & Hiibner, 2023). In the
context of our study, the propensity score was the probability of a farmer participating in HVM
given his/her socio-economic characteristics (X). This estimation was done using a linear
probability equation defined in Equation (1).

Pr(D; = 11X;) = F(Bo + B1Xix + B2Xiz + -+ + BrXix) €Y)

In Equation (1) D; =1 if the farmer participates in HVM, and D;=0 if the farmer participates
in traditional markets meaning he/she belongs to the control group; Xi represents the socio-
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economic variables of the farmer. The coefficients Sy, By, ..., Bx; represent parameters to be
estimated, and F(.) stands for the cumulative distribution function of the logistic function in a
logit model or normal cumulative function in a probit model. The second step entailed
matching farmers in the treatment group (HVM participants) with farmers in the control group
(participants in the traditional markets) who have similar propensity scores to create a
comparable control group. The process is typically done using different matching techniques,
especially nearest neighbour, kernel, radius, and stratification. The third step involved
comparing the ownership of each of the livelihood assets (¥;) between the treatment and control
groups. The outcome of interest ¥; was estimated as in Equation (2).

Yi=a+ @D+ oX; +¢ @)

where; D; is the treatment indicator, a is the intercept, ¢ is a measure of the average
treatment effect on the treated (ATT), which reflects the difference in asset ownership between
the two groups after controlling for differences in their socio-economic characteristics, ¢ is a
vector of coefficients on the socio-economic variables, and ¢; .is the error term. The final step
involved estimating the average treatment effect, which was calculated after the matching
process using Equation (3).

1
ATT = 5 ) I6(T) = ¥(O) ©)

IET

where; Ny is the number of farmers in the treatment group, while Y;(T) and Y;(C) are the
outcomes for farmers in the treatment and control groups; respectively. The sum computes the
difference in outcomes for each matched pair of treated and control farmers. The Propensity
Score Matching (PSM) helps to isolate the causal effect of HVM participation on asset
acquisition, adjusting for socio-economic factors. The calculated Average Treatment for the
Treated (ATT) shows how HVM participation differentiates farmers based on their livelihood
assets (i.e., between participants in HVM and traditional markets).

4.  Study Approach and Methodology
4.1 Study Design and Sampling Procedure

Our study adopted a cross-sectional research design, allowing for efficient data collection
from a large number of individuals at once (Zuleika, 2022). This design permitted the researcher
to simultaneously assess multiple variables, providing a robust framework for evaluating the
reliability and validity of key findings (Wang & Cheng, 2020). The research was conducted in
the Arumeru in Arusha Regions; with the sample size determined using Daniel's (2009)
sampling formula. This formula ensured the inclusion of individuals with (p) and without
(1 — p) specific characteristics. Counterfactual techniques were employed to analyse livelihood
asset ownership among both participants and non-participants in the cohort of smallholder
farmers studied. The formula used to calculate the sample size is presented in Equation (4).
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2 1—
n = z (p)o(iz p) 4)

where; n is the sample size; d is the 95% level of confidence (1.96); p is the proportion of
the population believed to possess specific attributes (0.5); and, d is the margin of error to be
tolerated (0.05).

Therefore, the required sample size was 384 as calculated in Equation (5).

~ 1.96%(0.5)(1—05)
B 0.052 B

384 5)

This study included a sample of 384 respondents, maintaining a 1:1 ratio of HVM
participants to non-participants, which is a commonly recommended approach for case-control
studies (Tenny et al, 2017, Mohanty & Doke, 2020). This balanced ratio enhances the
comparability between the two groups and increases the study's statistical power (Andrade,
2022; Tenny et al., 2017).

Three wards (Akheri, Kikwe, and Usa River) were randomly selected, and then two
villages were randomly selected from each ward. A comprehensive list of farm households was
created from the village registers, including their distribution, village locations, and the types of
vegetables cultivated. Finally, a random sample of 384 smallholder vegetable farmers growing
onions, tomatoes, and cabbage was chosen from the list, consisting of HVM participants and
non-participants. Quantitative data were collected from sampled farmers using a structured
questionnaire administered at the household level. Qualitative data were gathered through key
informant interviews (KIIs) and focus group discussions (FGDs). The key informants included
two community leaders, two village executive officers, and two village agriculture extension
officers. In total, six FGDs were conducted, with each group consisting of 6 to 8 participants.
This group size is optimal because larger groups can be difficult to manage, while smaller
groups may limit interaction and lead to biased or limited information (Othman et al., 2020).
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4.2 Livelihood Assets and Index

The unit value approach (Moser & Felton, 2007) was adopted to create an asset
ownership index by assigning a value of 1 to each owned asset, represented as a binary
variable. These values were summed to produce a simple count of owned assets, the livelihood
asset ownership index (LAI) for each category. This method is commonly employed in
socioeconomic research to analyse wealth distribution and poverty levels due to its
straightforward quantification of asset ownership. Empirically, the LAI for each category of
asset (j) was calculated as in Equation 6.

n
=1

where; LAI; represents the livelihood asset index for assets in category j, n is the total
number of assets considered in each category, and x;; is a binary variable representing the
ownership of each asset in the jth category by individual i (1 if owned, 0 if not).

The SLA (DFID, 2001) categorizes the resources individuals and households rely on into
five key areas: human assets, encompassing skills and health; social assets, reflecting support
networks and community ties; natural assets, including access to natural resources; physical
assets, which covers infrastructure and tools; and financial assets, representing available
financial resources like savings and credit. These categories provide a comprehensive view of
the assets contributing to persons’ or households’ abilities to sustain their livelihood. These
assets collectively determine the capacity of individuals and communities to pursue and
achieve desired livelihood outcomes (DFID, 2001). Table 1 offers a comprehensive summary of
livelihood assets considered in the analysis.
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Table 1: Description of livelihood assets

Asset Category Asset Category
1  Radio Physical 18 Goats Physical
2 Bicycle Physical 19 Solar power Physical
3 Smartphone Physical 20 Animal vehicle Physical
4 TV Physical 21 Access to financial service Financial
5 Watering can Physical 22 Savings Financial
6 Bed Physical 23 Access to education Human
7 Sofa set Physical 24 Adequate number of meals Human
8  Motor Vehicle Physical 25 Access to food Human
9 Oxplough Physical 26 Access to health services Human
10 Chemical sprayer Physical 27 Food adequate throughout the year Human
11 Motorized water pump  Physical 28 Access to water Human
12 Manual water pump Physical 29 Access to support services Social
13 Power machine Physical 30 Access to extension services Social
14 Cupboard Physical 31 Access to information Social
15 Biogas Physical 32 Access to land Natural
16 Land Physical 33 Access to alternative sources of energy ~ Natural
17 Cows Physical 34 Access to water Natural

2.3 Data Analysis

We used two primary techniques to analyse the qualitative data collected from focus
groups and key informant discussions. Firstly, we systematically organised participants'
opinions based on the specific questions or checklists used to gather their responses. This
method ensured that each opinion was linked to the relevant discussion topic. Secondly, we
coded and categorised the most significant opinions into key ideas and themes. This thematic
coding allowed us to identify recurring patterns and critical insights more effectively,
facilitating the synthesis and discussion of the findings. These methods ensured that the
analysis was structured, comprehensive, and accessible for further interpretation and decision-
making.

The analysis of quantitative data used both descriptive and inferential techniques.
Descriptive analysis summarized categorical data through frequencies and percentages, while
continuous data were summarized using means and standard deviations. We used a chi-square
test to assess the association between participation statuses in HVM and selected categorical
independent variables. Meanwhile, a t-test was employed to evaluate the mean differences in
computed indices of livelihood assets (notably; human, natural, social, physical, and financial
assets) based on participation status. A more comprehensive inferential analysis was performed
using PSM. This method was preferred over others because it is particularly useful for single-
point-in-time studies that involve both control and treated groups (Guo et al., 2020; Hui et al.,
2023). PSM was chosen to address potential bias arising from uneven baseline characteristics. In
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this analysis, participants were designated as the treated group, while non-participants served
as the control group. The inclusion of control participants allowed for more informed
comparisons, as PSM assumes that the scores between treated and control units are comparable.

The PSM method effectively addresses high dimensionality by balancing observable
characteristics across groups. This facilitates a controlled analysis of the effects of specific
covariates on predetermined outcomes based on their propensity scores. Key assumptions of
PSM, such as the absence of unmeasured confounders, the balancing property within the
common support area, and the lack of unobserved confounders, were evaluated to ensure the
analysis's validity. Rajkhowa & Qaim (2021) emphasize that the absence of unobserved
confounders is essential for obtaining unbiased estimates of the average treatment effect (ATE),
strengthening the robustness of causal inferences drawn from observational data. This
condition holds when the treatment assignment (Wi) and the outcome are independent given a
set of covariates (Xi) (Keele ef al., 2020).

Propensity score analysis is an effective method for controlling selection biases, both
overt and hidden (Rajkhowa & Qaim, 2021). Overt bias is evident in the data, such as the lower
pre-treatment income of individuals who received treatment compared to those in the control
group. In contrast, hidden bias refers to present but unobserved similarities, which may arise
from missing data. To ensure the accuracy of the sample's characteristic distributions, we
performed sensitivity tests. These tests included evaluating the balance of characteristics and
the areas of common support. The balancing property was assessed using the Ps R test, which
examines the distribution of propensity scores between treated and control groups after
matching. When the propensity scores are well-matched, it suggests that the treated and control
groups are comparable, meaning that any differences in outcomes can be attributed to the
treatment rather than to variations in covariates. Inferences regarding the balance of propensity
scores are evaluated using the likelihood ratio chi-squared statistic (LR chi?), which assesses
whether the coefficients of the covariates are collectively different from zero. A significant LR
chi? (with a p-value below acceptable confidence levels) indicates that at least one covariate in
the model is significantly associated with treatment assignment. This reinforces the
effectiveness of the propensity score model for matching.

4.2.1 Area of common support and balance characteristics across HVM participation status
4.2.1.1 Propensity score on the region of common support for livelihood assets

To ensure comparable outcomes between the treatment and control groups, PSM was
conducted. Propensity scores were calculated, representing the probability of treatment given
observed covariates. A rule of thumb stipulates that these scores should fall between 0 and 1. To
be able to compare the treatment and control groups based on propensity scores, the ATT was
estimated for households with a propensity score of less than 1. This approach aimed to balance
the covariates between the two groups, a crucial step for drawing valid causal inferences. A
balanced comparison ensures that the treatment and control groups are similar in terms of
observable characteristics, allowing for more reliable comparisons of outcomes. This is achieved
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when the probability of being in the treatment group is equal to the probability of being in the
control group, conditional on the observed covariates.

4.2.1.2 Testing of balancing property and common support assumption

A parametric test was conducted to estimate the treatment effect using PSM and to
evaluate the balance of covariates (Supplementary Table 1). The results indicate that, after
matching, the distribution of covariates (or characteristics) was similar between the treated and
control groups (p < 0.01). Overall, the findings were consistent across all asset categories,
suggesting that the balancing property was achieved and the matching process effectively
formed balanced subgroups. The overlap between participant and non-participant groups
demonstrates a strong alignment between treated and control units, supporting a robust and
equitable comparison (Rosenbaum et al., 2021). To estimate propensity scores, three sets of
covariates were considered: general characteristics, treatment-related variables, and potential
confounders. The treatment of interest was participation in HVM, and the outcomes were
ownership of livelihood assets. The study aimed to analyse the effect of HVM participation on
livelihood assets, calculating both the Average Treatment Effect (ATE) and ATT by considering
two potential outcomes if they participated in HVM or not. The treatment effect was defined as
the difference between these two potential outcomes. The ATE measures the average effect of
HVM participation across the entire population, while the ATT focuses on the average effect for
those who participated in HVM. Given the study’s specific focus, both ATE and ATT were
crucial for understanding the effects of HVM participation on livelihood assets (Negi and
Wooldridge, 2021).

5.  Results and Discussion
5.1 Socio-economic Characteristics of Respondents

Table 2 summarizes the demographic characteristics of respondents based on their
involvement in HVM. Male participants (80.54%) were more prevalent than female participants
(19.46%). It was also observed that male farmers were overrepresented among the non-
participants. The test statistic revealed a significant association between HVM participation and
crop diversification (p < 0.05), indicating that participants were more likely to diversify crops
than non-participants. Crop diversification emerges as a crucial strategy for smallholder
farmers, offering a dual benefit of risk reduction and income enhancement. By mitigating
market fluctuations, diverse cropping systems allow farmers to stabilize their earnings,
preventing reliance on single commodities (Mihrete & Mihretu, 2025). However, Horton et al.
(2020) note that crop diversification may have trade-offs in terms of crop productivity and
efficiency gains. Results reveal a significant association between HVM participation and better
access to market information and extension services, with participants having significantly
greater access compared to non-participants (p < 0.01). This advantage enabled the vegetable
farmers to stay informed about market trends, pricing, and negotiation strategies, leading to
improved sales. Previous research also suggests that access to market information, especially
through ICT, is crucial for achieving higher sales and better prices (Kilima & Chikuni, 2021;
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Huka et al., 2023). Additionally, Drewryb et al. (2022) underscores the role of extension services
in boosting yields, incomes, and the adoption of new technologies.

Table 3 offers a comparison of quantitative variables between HVM participants and
non-participants. It shows that HVM participants were generally older and had slightly more
farming experience than non-participants (p < 0.05). A significant difference was noted in
market access, with participants living closer to markets having better access than those
detached from the markets (p < 0.05). Participants also had larger households than non-
participants (p < 0.05). Regarding the livelihood assets indices, participants consistently
outperformed non-participants across all categories of natural, social, physical, human, and
financial assets (Supplementary Table 2).

These differences were statistically significant (p < 0.05). These results underscore the
positive effect of HVM participation on asset accumulation, which fosters financial stability and
wealth growth (Kansiime et al., 2021). Incomes from HVM activities boost savings and
investment, further driving asset expansion (Shrestha et al., 2024). The observation that non-
participants are primarily farmers in distant and remote areas aligns with Kim et al. (2025)
suggestion that geographic barriers can exacerbate inequalities in market access. This supports
Magsood et al. (2024) perspective that addressing these barriers could enhance economic
outcomes for individuals disconnected from agricultural markets.

The connection between HVM participation, asset accumulation, and access to essential
services has also been documented in other studies. Engagement in HVM promotes wealth
generation and improves livelihoods, especially in rural areas. Households involved in
commercial farming often exhibit a positive relationship between market participation and the
value of durable assets, underscoring how wealth accumulation is linked to commercial
activities (Nwangwu et al.,, 2024). A study in Zimbabwe revealed that smallholder farmers'
involvement in agricultural commercialization can be a powerful tool for poverty alleviation
(Mahofa et al., 2022). Commercialization enables farmers to sell more crops, increases household
income; improves food security, and enables better access to essential services and asset
accumulation. While HVM participation offers numerous advantages, it is vital to acknowledge
the need for tailored interventions to enhance crop productivity and quality and mitigate
potential risks associated with market fluctuations (Marion et al., 2024). The findings from
previous studies align with the feedback provided by participants in the focus group
discussions during the survey. It was reported that farmers supplying vegetables to HVM often
faced quality-related rejections but earned higher incomes compared to non-participants, as
they received better prices. These financial gains improved their housing and overall quality of
life.
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Table 2: Qualitative variables of respondents categorized by participation status in HVM

Variable Participants Non-participants Chi-square Statistic (p)
Male (%)  Female (%) Male (%) Female (%)

Sex 80.54 19.46 75.46 24.54 14305 (0.232)
Whether used hired labour Yes (%) No (%) Yes (%) No (%)

48.42 51.58 44.17 55.83 0.6791(0.410)
Whether used both family and hired Yes (%) No (%) Yes (%) No (%)
Labour 27.60 72.40 31.90 68.10 0.8352(0.361)
Whether diversified crops Yes (%) No (%) Yes (%) No (%)

40.72 59.28 30.06 6994 4.6181(0.032)
Whether the household had access to market information Yes (%) No (%) Yes (%) No (%)

90.95 9.05 7.98 92.02 384.0000(0.000)
Whether the household had access to extension services Yes (%) No (%) Yes (%) No (%)

74.21 25.79 47.24 52.76 29.1933(0.000)
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Table 3: Quantitative variables of respondents categorized by participation status in HVM

95% Confidence Interval of the Difference ; (ot for mean difference

Variable Type of respondent n  Mean Std.Dev. Std. Error Mean
Lower Upper )

HVM Participant 221  44.09 10.742 0.723

Age of household head 0.802 5.026 2.713 (0.007)
Non-participant 163 41.17 9.925 0.777
HVM Participant 221 1574  10.702 0.720

Experience in farming -0.314 4.076 1.685 (0.0930)
Non-participant 163 13.86 10.958 0.858
HVM Participant 221 2.1450 1.39023 0.09352

Size of land -0.43627 0.23858 -0.576 (0.5650)
Non-participant 163 2.2439  1.97234 0.15449
HVM Participant 220 4.2939 10.51810 0.70913

Distance to market (km) -9.47688 -3.74852 -4.539 (0.0000)
Non-participant 163 10.9066 17.82440 1.39611
HVM Participant 221 571 2.272 0.153

Household size 0.550 1.402 4.504 (0.0000)
Non-participant 163 4.73 1.836 0.144
HVM Participant 221 2.1402  0.63479 0.04270

Natural asset index -.50076 -.76137 -9.5224(0.0000)
Non-participant 163 1.5092  0.65138 0.05102
HVM Participant 221 148  0.57648 0.03877

Social asset index -3.0420(0.0025)
Non-participant 163  1.31 0.47572 0.03726 -.05954 -27718
HVM Participant 221  2.69  0.69235 0.04657

Physical asset index -13.0969(0.0000)
Non-participant 163 1.66  0.84896 0.06649 -.87650 -1.1861
HVM Participant 221 2.4841 0.62229 0.04185

Human asset index -6.2861(0.0000)
Non-participant 163 2.0674  0.66785 0.05231 -.28634 -.54700
HVM Participant 216 2.1851  0.8143 0.05541

Financial asset index -6.5173(0.0000)
Non-participant 152 1.6513  0.7118 0.05774 -.37278 -.69495
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5.2 Effect of HVM Participation on Livelihood Assets

The study employed various PSM estimators to evaluate the effect of HVM participation
on livelihood assets (Table 5). The ATT was consistently positive and statistically significant for
all PSM estimators. The effect of HVM participation on physical assets was relatively consistent,
with ATT values ranging from 44.17 to 45.45 (p < 0.01). A similar pattern was observed for
natural assets, ranging from 36.03 to 37.49 (p < 0.01). However, the effect on human assets was
less consistent, with only the nearest neighbour and radius estimators showing statistically
significant effects (p < 0.05). The impact of social (p < 0.05) and financial (p < 0.01) assets was the
least consistent, as only the radius estimator exhibited a statistically significant effect.

Table 5: Effect of HVM participation on livelihood assets

Asset Ma.tchlng Treatment  Control ATT Bootstrapped t-Statistic

category estimator S.E.
Nearest 114 33 4545 2.63 17384+
neighbour

Physical Radius 114 74 44.42 2.55 17.44%%
Kernel 114 74 4457 2.66 16.77%%
Stratification 114 74 44.17 2.75 16.08***
Nearest 220 160 36.03 3.67 9.81%+%
neighbour

Natural Radius 220 160 36.03 3.27 11.02%**
Kernel 220 160 36.97 341 10,85+
Stratification 219 161 37.49 3.29 11.36***
Nearest 117 77 8.33 260 3214
neighbour

Human Radius 117 77 8.33 2.46 3,394
Kernel 117 77 438 2.55 171
Stratification 117 77 327 2.86 1.14
Nearest 220 83 141 4.34 0.32
neighbour

Social Radius 220 160 5.56 2.78 2.00**
Kernel 220 160 1.03 2.99 0.34
Stratification 220 160 -1.06 411 -0.26
Nearest 220 79 8.76 4.71 1.86

Financial neighbour
Radius 220 160 17.29 2.44 7,104
Stratification 220 160 8.79 5.53 1.59

*** Significant at 1%, and **Significant at 5%
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The study's findings consistently demonstrate a positive effect of HVM participation on
livelihood assets. Most PSM estimators were statistically significant, with t-values consistently
above 2, indicating significant effects (p < 0.01). Participation was found to positively influence
financial, human, natural, and to a lesser extent social assets. These results highlight the
importance of HVM in improving the well-being of smallholder farmers (Li et al.,, 2020;
Chidembo et al., 2022; Huka et al., 2024).

5.3 Effect of HVM Participation on Livelihood Assets Comparing ATE and ATET

The study also examined the effect of HVM participation on livelihood assets by
comparing ATE and average treatment effects on the treated (ATET) results. Table 6 shows that
HVM participation had a significantly greater positive effect on livelihood assets than for non-
participants, with ATE and ATET being statistically significant. For example, in the case of
physical assets, the ATE and ATET had positive coefficients of 32.59 and 35.33, respectively;
both highly significant (p < 0.01). A similar effect was found for natural, human, and financial
assets that were statistically significant (p < 0.01). These findings are consistent with previous
research by Huka et al. (2023), which emphasized the transformative potential of HVM
participation in improving smallholder farmers' access to various assets. The participation
typically involves premium agricultural products, allowing farmers to invest in key physical
assets like land, housing, tractors, irrigation systems, and storage facilities. These investments
promote farmers' livelihoods (Manda et al., 2020). The findings align well with the observations
from key informants who acknowledged that:

"Farmers supplying vegetables to HVM reported receiving higher prices compared to
those selling in conventional markets. This increase in income allowed them to
improve their living conditions. Many farmers transitioned from homes made of mud
bricks with grass roofs to houses built with burnt bricks and iron sheets. Moreover,
families could construct larger homes with more rooms, improving privacy and
raising overall household living standards."

The effect of HVM participation was also evident in land ownership, where access to
HVMs allowed smallholder farmers to expand their land size. This was highlighted during the
FGD, where participants agreed that HVM involvement helped them to acquire additional land
for cultivation, boosting their potential for higher yields and enhancing income. This finding
aligns well with Sumari et al. (2018), who found that HVM participation enabled smallholder
farmers to earn more income and acquire more land for cultivation.

Farmers’ participation in HVM also strengthened human assets, as they received training
in production, quality control, and marketing, which enhanced their technical skills and
productivity. Additionally, this training can potentially equip them with valuable skills in
supply chain management and financial literacy (Li ef al., 2023). Targeted training programs,
such as the market information and linkage system, equip farmers with timely market data,
enhancing their bargaining power and income potential (Mukhebi et al., 2008). Furthermore,
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studies indicate that farmers with higher education levels achieve better economic outcomes,
with those possessing secondary education or higher earning more than their less-educated
counterparts. Participation in HVMs also provides farmers with essential skills, such as contract
negotiation, which are crucial for profitable marketing (Li et al., 2023).

Table 6: Effect of HVM participation on livelihood assets comparing ATE and ATET

Asset ATE ATET

celesoy Coefficient R(;l.); st statzi;tic v fl-ue Coefficient R(;l.); st Z-statistic p-Value
Physical 32.59 2.90 1122 <0.001 35.33 3.67 9.62 <0.001
Natural 32.96 3.89 8.45 <0.001 34.54 4.56 7.58 <0.001
Human 7.28 2.49 2.93 <0.01 9.04 2.53 3.57 <0.001
Social 3.29 3.33 0.99 0.32 3.91 4.69 0.83 0.41
Financial 17.89 2.67 1.08 <0.01 23.68.1 217 10.93 <0.001

By participating in HVM, farmers can enhance their natural assets through the financial
resources necessary to invest in land, improve soil quality, and obtain higher-quality seeds and
inputs (Loki & Mdoda, 2023). This increased income facilitates the adoption of sustainable
practices like crop rotation and water conservation, helping to maintain soil fertility and
biodiversity (Abebe et al., 2021). Additionally, farmers can invest in irrigation systems,
advancing modern farming techniques. Profits from market participation also support better
livestock management, ensuring the long-term sustainability of their natural resources
(Olofsson et al., 2021).

Moreover, the value of financial assets for HVM participants surpassed that of non-
participants, resulting in increased income and diversified investments (p < 0.01). Studies
confirm that HVM participants secure better product prices, leading to improved household
food security, access to health services, and education (Kogachi & Shaw 2023). For instance,
Legesse et al. (2023) found that farmers in Ethiopia’s HVM channels for indigenous chicken and
avocado experienced greater dietary diversity and food security. The additional income also
allowed farmers to reinvest in livestock and machinery, further expanding their agricultural
activities (Peddi & Kumar, 2021). Participants in FGD conducted during this study reported
diversifying their income sources by investing in motorcycles for transportation businesses,
commonly known as "bodaboda," highlighting the connection between market access and
financial growth (Cuffaro et al., 2022).

Participation in HVMs can also strengthen social networks, facilitate knowledge
exchange, and improve market access. By entering into formal agreements with buyers, farmers
can establish connections essential for meeting HVM demands. These agreements promote
resource sharing and enable farmers to negotiate better terms with buyers (Loki & Mdoda,
2023). In areas where contract farming is viable, it can offer essential information as well as
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production and post-harvest technologies, thereby supporting farmers to intensify production
and uphold good practices (Albizua et al., 2021). These social networks also encourage the
adoption of sustainable practices through shared knowledge (Kreft et al., 2023).

Overall, participation in HVM provided smallholder farmers with higher incomes,
increased market access, and opportunities for skill development, which contribute to asset
accumulation across physical, natural, human, financial, and social assets. This participation
allows farmers to move beyond subsistence farming, enhancing their resilience, productivity,
and overall well-being. Post-estimation tests confirmed the robustness of the PSM results.
Balancing tests demonstrated a significant reduction in bias after matching (Supplementary
Table 1). Additionally, an analysis of outcome variable density functions (Supplementary
Figure 1) revealed a perfect match between the treated and untreated samples. These findings
provide strong evidence for the validity of the PSM approach used in the study.

5.4 Study Limitations

The findings of this study should be interpreted with certain limitations in mind. First, it
is based solely on the study area: its results may not be generalized due to variations in market
dynamics. Although similar vegetables are grown in other areas, a broader representation
would be necessary for generalization. Second, the study’s cross-sectional design limits the
ability to draw causal inferences, which are better assessed through longitudinal studies.

6. Conclusion and Recommendations

Our study revealed significant improvements in asset ownership among HVM participants.
These included the construction of better houses, saving, increased land ownership, and using
advanced agricultural tools and equipment. These findings suggest that HVM participation
positively influences changes in livelihood outcomes. In contrast, non-participants exhibited
lower levels of asset ownership. To further amplify the effects of HVM participation, ongoing
collaboration between state and non-state actors is essential in providing crucial business
development support services to smallholder farmers, enabling them to increase productivity
and improve the quality of their agricultural commodities. These interventions would enable
farmers to supply larger volumes of higher-quality produce allowing them to compete more
effectively in commodity markets, rather than continuing to supply small quantities of
agricultural goods to traditional markets that hardly recognize or reward quality. Another
strategic approach to boost farmers' participation in HVM is through collective efforts, such as
establishing farmers' groups. These groups can enable farmers to access microfinance
institutions and small-scale loans, allowing them to invest in improved agricultural equipment
and better utilize available support services. This strategy would increase productivity,
resulting in higher household incomes and improved livelihood.
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Supplementary Table 1: Test for balancing after matching

SUPPLEMENTARY INFORMATION

Asset category  Sample Ps R? LR chi? p>chi2 Mean Bias Med Bias B R % Concern % Bad
Physical Unmatched 0.125 65.08 0.000 25.0 18.7 87.9% 1.08 33 11
Matched 0.014 2.90 0.968 6.7 45 27.8* 0.66 11 0
Natural Unmatched 0.125 65.08 0.000 25.0 18.7 87.9* 1.08 33 11
Matched 0.014 2.90 0.968 6.7 45 27.8* 0.66 11 0
Human capital ~ Unmatched 0.15 38.76 0.000 28.9 322 96.3* 1.50 56 11
Matched 0.15 6.83 0.555 17.13 17.1 85.5% 591* 22 33
Social Unmatched 0.12 65.08 0.000 25.0 18.7 87.9% 1.08 33 11
Matched 0.01 2.90 0.968 6.70 4.5 27.8* 0.66 11 0
Financial Unmatched 0.13 64.71 0.000 26.5 224 89.9* 1.04 33 11
Matched 0.063 12.67 0.178 12.5 11.6 65.5 0.97 11 22

* If B>25%, R is outside the range of 0.5 to 2
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Supplementary Table 2: Assets owned by respondents by participation status in HVM

Asset Participants Non-participants Chi-square Statistic (p)
Radio Yes (%) No (%) Yes (%) No (%)

81.04 28.90 18.96 71.10 105.7882 (0.000)
Bicycle Yes (%) No (%) Yes (%) No (%)

81.99 27.75 18.01 72.25 1114.4978(0.000)

Yes (%) No (%) Yes (%) No (%)

Smartphone 58.33 3333 4167 66.67 2.9741(0.085)
TV Yes (%) No (%) Yes (%) No (%)

66.30 35.19 33.70 64.81 30.7709(0.000)
Watering can Yes (%) No (%) Yes (%) No (%)

81.50 31.52 18.50 68.48 97:9854(0.000)
Bed Yes (%) No (%) Yes (%) No (%)

814 28.90 18.96 71.10 105.7882(0.000)
Sofa set Yes (%) No (%) Yes (%) No (%) 64.4921(0.000)

71.88 28.91 28.12 71.09
Motor Vehicle Yes (%) No (%) Yes (%) No (%)

59.34 25.00 40.66 75.00 9:1517(0.002)
Ox plough Yes (%) No (%) Yes (%) No (%)

82.30 28.00 17.70 72.00 114.9428(0.000)
Chemical sprayer Yes (%) No (%) Yes (%) No (%)

82.57 24.70 1743 75.30 129.1883(0.000)
Motorized water pump Yes (%) No (%) Yes (%) No (%)

81.22 28.07 18.78 71.93 109.6835(0.000)
Manual water pump Yes (%) No (%) Yes (%) No (%) 58.2644(0.000)
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Asset

Participants

Non-participants

Chi-square Statistic (p)

Power machine

Cupboard

Biogas

Land

Cows

Goats

Solar power

Animal vehicle

Alternative source of

energy

Adequate number of
meals

Access to financial
services

Access to education

69.29
Yes (%)
24.54
Yes (%)
82.61
Yes (%)
24.54
Yes (%)
83.01
Yes (%)
58.65
Yes (%)
82.08
Yes (%)
81.82
Yes (%)
82.11
Yes (%)
68.46
Yes (%)
59.70
Yes (%)
62.26

Yes (%)
62.78

25.96
No (%)
81.90
No (%)
28.25
No (%)
81.90
No (%)
28.09
No (%)
28.57
No (%)
27.33
No (%)
25.00
No (%)
25.30
No (%)
28.57
No (%)
42.86
No (%)
47.06

No (%)
50.31

30.71
Yes (%)
75.46
Yes (%)
17.37
Yes (%)
75.46
Yes (%)
16.99
Yes (%)
41.35
Yes (%)
17.92
Yes (%)
18.18
Yes (%)
17.89
Yes (%)
31.54
Yes (%)
40.30
Yes (%)
37.74

Yes (%)
37.22

74.04
No (%)
18.10
No (%)
71.75
No (%)
18.10
No (%)
7191
No (%)
71.43
No (%)
72.67
No (%)
75.00
No (%)
74.70
No (%)
71.43
No (%)
57.14
No (%)
52.94

No (%)
49.69

126.3450(0.000)

115.4132(0.000)

126.3450(0.000)

117.8954(0.000)

4.9952(0.025)

116.5151(0.000)

124.1631(0.000)

124.4940(0.000)

49.6839(0.000)

4.9648(0.026)

7.7721(0.005)

5.9511(0.015)
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Asset

Participants

Non-participants

Chi-square Statistic (p)

Access to food
Access to health
services

Food adequate
throughout the year

Yes (%)
60.62
Yes (%)
66.27
Yes (%)
60.46

No (%)
53.16
No (%)
40.31
No (%)
51.24

Yes (%) No (%)
39.38 46.84
Yes (%) No (%)
33.73 59.69
Yes (%) 46.84
39.54 48.76

2.1154(0.146)

23.6395(0.000)

2.8816(0.090)
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Supplementary Figure 1: Density functions of asset ownership indices before and after match
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