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Introduction: Hunger and malnutrition remain serious issues in developing countries, particularly in rural regions. Increased market participation of smallholder farmers can result in improved livelihood and nutrition outcomes. However, smallholder farmers encounter several obstacles that hinder their ability to participate in the market. As a result, the objective of this study is to investigate the factors that influence market participation and its impact on household nutrition security.

Methods: The study relied on secondary data gathered from a sample size of 1,520 people. About 389 of smallholder farmers participated in the market.

Results and Discussion: The results from Food Consumption Score (FSC) cut-off points showed that in the overall sample households, 54% were within the acceptable food consumption diets (>35), while 30 and 16% were in the borderline (21.5–35) and poor diets (0–21), respectively. According to the Household Dietary Diversity Score (HDDS) findings, 57% of smallholder farmers in the total population sample consumed highly diverse diets (consisting of at least six food groups), while 25 and 18% of smallholder farmers consumed diets with medium dietary diversity (consisting of 4–5 food groups) and low dietary diversity (consisting of at most three food groups), respectively. The results from marginal analysis showed that gender of household head, receiving social grants and higher wealth index had a positive impact on market participation. The results from Poisson endogenous treatment effect model showed that household size, ownership of livestock, social grant, wealth index, access to market information, and involvement in crop production had a positive and statistically significant impact on household nutrition security. On the other hand, agricultural assistance showed a negative and significant impact on household nutrition security.

Conclusion and Recommendations: It can be concluded that an improvement in agricultural assistance can improve the household nutrition security status. The improvement of agricultural assistance is more associated with improvement of extension services, which can lead to more production of diverse crops and more market participation. Health extension workers need to do more nutrition programs and workshops in rural areas. These programs and workshops will be intended on providing nutrition education, which will create awareness to smallholder farmers on diverse and balanced food items they should produce, sell, and consume.
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1. Introduction

Hunger and malnutrition are multifaceted global issues. Despite recent advances in food and nutrition security, the prevalence of malnutrition remains high, particularly in developing countries (Sibhatu et al., 2015). In 2021, world hunger and malnutrition rose to 828 million people [United Nations International Children’s Emergency Funds (UNICEF), 2022]. According to Statistics South Africa (Stats SA) (2022) about 2.1 million (11.6%) of South African households reported experiencing hunger in 2021. The lack of essential vitamins and minerals in most Southern African households causes nutrient malnutrition (Akombi et al., 2017; Drammeh et al., 2019; Adeyeye et al., 2021). Almost 2 billion people are malnourished due to inadequate intakes of vitamins and minerals such as iron and zinc [International Food Policy Research Institute (FPRI), 2014]. Nutritional deficiencies have a significant health impact in terms of lost productivity, impaired physical and mental development, susceptibility to various diseases, and premature death. Malnutrition is most common in women and children (Sibhatu et al., 2015). Previous studies have shown that malnutrition puts children at risk of contracting infectious diseases, stunts growth increases the severity of infections, reduces school and work performance, and kills children under the age of 5 (Baird et al., 2016; Getahun and Fetene, 2021). Furthermore, the studies revealed that pregnant and lactating women are more vulnerable to malnutrition because they oversee their own and their children’s diets. This demonstrates the importance of investing more in nutrition because it can improve household food security.

Nutrient deficiency, malnutrition, and a lack of dietary diversity are very common among rural smallholder farmers because they rely primarily on a few starchy staple food sources and have limited market access (Hirvonen, 2016). Smallholder farmers work in remote areas with limited infrastructure, transportation, and access to capital, technology, and knowledge. The poor functioning of rural markets encourages farmers to produce primarily for their own consumption rather than for sale (Bellon et al., 2016). This means that the majority of smallholders rely on their production to meet their dietary diversity needs, which is insufficient. Farmers who have market access can meet their dietary diversity needs while also generating income. According to Getahun and Fetene (2021), improved market access can lead to smallholder farmers producing high-value agricultural products, giving them a competitive advantage and allowing them to earn a high-expected income. Markets enable farm production to contribute to poverty reduction through income generated from farm produce sales (Ssajakambwe et al., 2020). Markets also drive production because they provide farmers with an incentive to strive to meet buyer demands for quality and quantity (Obi et al., 2012). There is a need to emphasize the role of market access in improving nutrition because it promotes equal distribution of foods and incomes and allows smallholder farmers to access more foods than they produce (Ssajakambwe et al., 2020).

As a result, it is critical to conduct empirical research on the fundamental relationship between market participation and nutrition security (dietary diversity). Understanding the links between household participation in agricultural output markets and dietary diversity could thus help inform nutrition interventions on how agricultural commercialization and rural markets can be leveraged to improve nutrition outcomes among rural smallholder farmers. Despite the critical role that market participation plays in improving the nutrition security of smallholder farmers, there is little evidence-based information linking the two, particularly in South Africa. Mulenga et al. (2021) investigated how participation in output markets affects the dietary diversity of Zambian rural smallholder farmers. Ssajakambwe et al. (2020) investigated the relationship between market access and nutritional security, as well as the factors influencing farmers’ market access and improved nutrition among Ugandan smallholder maize farmers. Lenjiso et al. (2016) studied the impact of smallholder milk market participation on household and intra-household dietary diversity, as well as Ethiopian young children’s nutritional status. These studies were conducted in other parts of Africa, and they demonstrate a gap in linking market participation and nutrition security in South Africa. In this context, the study seeks to (1) determine the factors that impact smallholder farmers’ market participation, and (2) quantify the effect of market participation on rural households’ nutrition security status in two South African provinces.



2. Materials and methods


2.1. Description of study area

The purpose of this study was to determine the impact of market participation on the food and nutrition security of smallholder farmers that are producing crops in Mpumalanga and Limpopo provinces. The study relied on secondary data collected from South Africa’s two provinces (Mpumalanga and Limpopo) in 2016/2017 (refer to Figure 1). Limpopo province has a population of approximately 5.7 million people, with more than 80% of the population living in rural areas (Statistics South Africa, 2015). When compared to other provinces, the province is said to have a high population growth rate (De Cock et al., 2013). Poverty, malnutrition, and food insecurity plague the province as a result of its rapid growth. According to empirical evidence, most households in the province rely on agricultural activities to maintain food security and livelihoods (Manyamba et al., 2012).
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FIGURE 1
 Map of South Africa showing the two different provinces (Mpumalanga and Limpopo) used in this study. Source: http://www.demarcation.org.za/.


Mpumalanga province has a population of 4,128,000 people, accounting for 7.8% of South Africa’s total population (NAFCOC, 2014). The province had the country’s third highest unemployment rate among the nine provinces, and its poverty rate of 39.4% was higher than the national rate (Mpumalanga Department of Finance, 2013). The majority of Mpumalanga’s population, including the majority of the poor, lives in areas of low economic activity. Mpumalanga Province’s vegetation is classified as forest, savannah, and grassland. Mpumalanga agriculture consists of livestock production, sugar production, and crops such as fruits, potatoes, sunflowers, maize, wheat, and nuts (Mpumalanga Department of Finance, 2013).



2.2. Data collection method

The study collected data through questionnaires using a quantitative research method. The sample size was chosen at random using the multi-stage stratified random sampling technique. The sample size determination was calculated using statistical software on the 95% confidence interval and 5% margin which each smallholder farmer having an equal chance to being selected. A total of 1,520 participants were chosen from two provinces (Limpopo and Mpumalanga). The quantitative data were collected in four Mpumalanga districts and three Limpopo districts. To maximize effectiveness and avoid selection bias, participants were divided into strata based on similar variables such as socio-demographics, technical, and institutional factors. Farmers, who are crop producers, were questioned on their agricultural production system as well as nutrition security indicators. In the 2016/2017 season, the South African Vulnerability Assessment Committee (SAVAC), led by the Secretariat hosted in the Department of Agriculture, Land Reform, and Rural Development (DALRRD), collected secondary data (available at: www.drdlr.gov.za accessed on June 20, 2020).



2.3. Data analysis

The quantitative data were analyzed using Statistical Software for Social Sciences (SPSS) version 24 and STATA statistical software (version 13). The descriptive statistics were obtained to provide the key socioeconomic characteristics of the sampled smallholders and compare how they differed in terms of nutrition security between market participants and non-market participants. The study used internationally recognized food and nutrition security measurement tools to assess the food and nutrition status of smallholder farmers. This included the Household Dietary Diversity Score (HDDS) and Food Consumption Score (FCS).

The HDDS displays the various types of food and the amount of dietary diversity available to a household (Kennedy et al., 2011). Households were asked about the food groups they consumed in the past 24 h in order to determine dietary diversity among households. Swindale and Bilinsky (2006) identified 12 standard food groups that households can consume to improve their nutritional status, including (1) milk and milk products, (2) meat, (3) pulses/legumes/nuts, (4) roots and tubers, (5) poultry and eggs, (6) cereal, (7) fish and seafood, (8) oil/fats, (9) sugar/honey, (10) vegetables, (11) fruits, and (12) condiments. The HDDS was employed as an outcome/dependent variable in this study to demonstrate nutrition variability across market participants and non-market participants. The Kennedy cut-off points were HDDS ≤3 was considered a low dietary diversity group, with between 4–5 as medium and ≥ 6 as high diversity score category (Kennedy et al., 2011).

To assess FCS, the participants were asked to recall the foods they consumed in the previous 7 days before the survey. Each food item was given a score of 0–7 depending on the number of days it was consumed. The FCS is calculated based on the past 7-day food consumption recall for the household and classified into three categories: Poor food consumption score (0–21), borderline food consumption score (21.5–35), and acceptable food consumption score [>35; World Food Programme (WFP), 2008]. The FCS is a weighted sum of food groups. The score for each food group is calculated by multiplying the number of days the commodity was consumed and its relative weight.

The factors that affect market participation were assessed using the marginal analysis. The marginal analysis represents the residual that measures deviation from the total population mean. It is used to measure the difference from the observed value to a subject’s predicted regression. The marginal model provides crude estimates of the regression coefficients, while the conditional model has regression coefficients that are assumed common to subjects and so the estimates are adjusted for subjects.

The study’s goal is to assess the impact of market involvement on smallholder farmers’ nutrition security. It is therefore assumed that smallholder farmers who participate in the market have the potential to acquire cash and purchase more nutritious food in order to meet their daily food requirements. An investigation of the impact of treatment selection (market participation) on the outcome variable, in the jargon of impact assessment. The HDDS is the outcome variable, which is defined as the number of food groups ingested by the household in the past 24 h. Farmers’ sales and earnings can be used to define market participation. Households that participate in the market are deemed market participants and receive a score of 1, otherwise they receive a score of 0.

Treatment selection is generally influenced by subject characteristics in observational study like this. Farmers typically make voluntary decisions to enter the market based on their productive inputs and socio-demographic attributes, resulting in self-selection bias. Farmers’ market participation cannot be assigned at random in this scenario. When households are not handled randomly, their decisions for market participation can be influenced by observed and unobserved factors that correspond with the outcome variables. Another key economic obstacle in impact evaluation is the issue of missing counterfactual data. Data are missing because outcomes can only be observed in one state and counterfactuals for each group cannot be observed (Wooldridge, 2003).

Other studies (Kassie et al., 2011; Danso-Abbeam and Baiyegunhi, 2019) employed the two major econometric frameworks to address confounding factors and the issue of counterfactuals [instrumental variable (IV) and propensity scores approach]. Approaches based on propensity scores, such as regression adjustment, propensity score matching and inverse probability weighting, solely account for observed heterogeneity, whereas IV methods account for both observed and undiscovered heterogeneity. Danso-Abbeam et al. (2021) employed the instrumental variable Poisson regression model, which was also used in this study. The model estimates the causal effect of market participation on nutrition security status using the count outcome with a Poisson distribution of the error term. The primary goal of this study is to determine the average treatment effect on the treated (ATT). Takahashi and Barrett (2014) define ATT as the average difference in potential outcomes of smallholder farmers with and without market participation. The ATT can be represented as follows, according to Imbens and Wooldridge (2009) and Adolwa et al. (2019).
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Where [image: image] denotes the expectation operator, [image: image]is the potential outcome for smallholder farmers who participate in the market, [image: image]is the potential outcome of smallholder farmers who do not participate in the market. [image: image]Represents the treatment indicator, which takes the value 1 if smallholder farmers participate in the market and 0 otherwise. Unobserved counterfactual events pose a significant barrier in predicting the ATT. As a result, observing the prospective consequences of farmers who participated in the market if they had not participated is nearly impossible. Replacing this unobserved counterfactual with the possible results of smallholder farmers who have not engaged in the market is similarly impractical because it is likely to result in biased estimations (Takahashi and Barrett, 2014). Primary model of Terza (1998), endogenous Poisson treatment effect, is used to address the problem.


2.3.1. Endogenous treatment effect model for a count outcome—Poisson

As previously stated, the study intends to see if smallholder farmers’ market participation affects their nutrition security status. Because market participation by smallholder farmers is not exogenous, it is regarded as an endogenous binary-treatment variable [image: image]. [image: image] is endogenous if the treatment assignment is not random, but some unobservable covariates (variables) are affecting [image: image] that also influence the outcome variable. Since the HDDS (outcome variable) is a count event that takes values, [image: image] and smallholder farmers choose whether to adopt one or none, a second dummy[image: image] was developed to represent a sample selection rule. That is, smallholder farmers may not be able to engage in the market. In this case, [image: image] is missing for a proportion of the sample and the selection rule is defined such that [image: image] when [image: image] is observed and [image: image] when [image: image]is missing. The matter of endogeneity and sample selection was solved using the count data model with endogenous treatment (Sibhatu et al., 2015).

The Poisson endogenous treatment effect model regards the case where selection dummy [image: image] is assigned the value 0 when smallholder farmers did not receive any nutritional security status ([image: image]is missing) and 1 when smallholder farmers did receive nutritional security status from market participation ([image: image] is observed). Selection dummies and Endogenous treatment can be produced using continuous latent variables such as;
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With [image: image], the outcome model which follows a Poisson distribution can be specified as;

[image: image]

Thus,

[image: image]

[image: image] indicates the covariate vector used to model the count outcome, [image: image] are the covariates for binary treatment, [image: image] and [image: image] are the error terms for the outcome and treatment, accordingly. The two error terms have a mean of zero and are bivariate normal. Since the covariates [image: image] and [image: image] are exogenous, they are unrelated to the error terms. Conditional on [image: image], [image: image] is normal with mean [image: image] and variance [image: image]. The endogenous treatment Poisson regression model is nested in a possible outcome model to estimate the ATE and ATT. The prospective outcome model describes what each farm household might receive at each treatment level.



2.3.2. Ordered logistic regression model

The ordered logit regression model was used to assess the impact of determinants of market participation on the Food Consumption Score of smallholder farmers. The model was applied to perform the analysis of ordinal and categorical variables. Suppose that h is an ordinal dependent variable with (c) categories, and (h ≤ j) denotes the probability that the response on (H) falls in category (j) or below (i.e., in category 1, 2,…or j). This is called a cumulative probability. It equals the sum of the probabilities in category j and below:

[image: image]

The category (c) and dependent (H) variable has cumulative probabilities (c): Pr (h = 1), Pr (h⩽2) … Pr (h⩽c) and the final cumulative probability uses the entire scale; therefore, Pr (h⩽c) = 1 as the order of forming the final cumulative probabilities reflects the ordering of the dependent variable’s scale, and those probabilities themselves satisfy:

[image: image]

An underlying probability score for an observation falling into the response category is calculated as a linear function of the independent variables and a set of cut points in an ordered logit model. The probability of observing the response category corresponds to the probability that the estimated linear function, plus a random error, falls within the range of the estimated cut points for that response.(8)

It is important to estimate m1, m2,…mi − 1, and the coefficients ƥ1, ƥ2… ƥm, along with cut points m1, m2…mi, where (i) s the number of possible response categories of the dependent variable. The coefficients and cut points are estimated using a maximum likelihood (Williams, 2006). Table 1 represents the explanatory variable that affect market participation among smallholder farmers.



TABLE 1 A priori expectations for the explanatory variables used in the models.
[image: Table1]





3. Results


3.1. Descriptive analysis of the results

The descriptive results showed that in Mpumalanga province, only 176 farmers participated in the market and in Limpopo only 213 farmers participated in the market as shown in Table 2. Farmers who participated in the market enjoyed higher HDDS than those who did not, with an average HDDS of approximately 2 per capita, and those who did not participate had an average of approximately 1.89 per capita as shown in Table 3. This does not necessarily suggest that participation in markets can significantly improve the household food and nutrition security of rural farmers due to the selection bias issue.



TABLE 2 The extent of market participation of smallholder farmers in South Africa’s Limpopo and Mpumalanga provinces.
[image: Table2]



TABLE 3 The difference HDDS between market participant and non-market participant.
[image: Table3]

The results in Tables 4, 5 represent the summary statistics of the explanatory variables used in this study. Table 4 shows the different means and standard deviations of smallholder farmers’ demographic characteristics. The results revealed that the average household age was 49.12 years, and the average household size was 4.93. The results in Table 5 indicate the variances in explanatory factors between market participants and non-market participants. In this study, 77% of the market participants were females while 23% were males. About 74% of the market participants did not have access to agricultural assistance while only 26% had access. Regarding livestock ownership, 77% of the market participants did not own any livestock while 23% had livestock. The results also showed that only 15% of market participants had access to market information, while 85% did not have access.



TABLE 4 Demographic characteristics of smallholder farmers in Limpopo and Mpumalanga provinces, South Africa.
[image: Table4]



TABLE 5 Demographic characteristics of smallholder farmers in Limpopo and Mpumalanga provinces, South Africa.
[image: Table5]


3.1.1. Food consumption score of smallholder farmers

The proportion of smallholder farmers’ food consumption scores before the study period is presented in Figure 2. In the overall population (n = 1,520), 54% of smallholder farmers were within the acceptable diversified diets, while 30 and 16% were in the borderline and poor diets, respectively. In the provinces, 44 and 66% of the smallholder farmers were consuming adequately diversified diets in Limpopo and Mpumalanga, respectively. For both provinces, 14% of the respondents consumed poor diets and this means that these farmers experienced nutrition-related problems. The results further showed that 42% (Limpopo) and 20% (Mpumalanga) of smallholder farmers were at the borderline diets and if there is no improvement in their diets they could fall into unacceptable (poor) diversity of foods.

[image: Figure 2]

FIGURE 2
 Food consumption score of smallholder farmers in Limpopo (n = 911) and Mpumalanga (n = 609) Provinces, South Africa.




3.1.2. Dietary diversity of smallholder farmers

The results in Figure 3 depict the dietary diversity of smallholder farmers in the provinces of Limpopo and Mpumalanga. Using the Kennedy et al. (2011) cut-offs, it was determined that 57% of smallholder farmers consumed highly diverse diets (more than or equal to 6 food groups), while 25 and 18% of smallholder farmers consumed medium dietary variety (between 4 and 5 food groups) and low diverse diets (less than or equal to 3 food groups), respectively. In the provinces, 50% (more or equal to 6 food groups) of smallholder farmers with highly diversified diets were found in Limpopo and Mpumalanga. In the provinces of Limpopo and Mpumalanga, smallholder consumption of a moderately diverse diet (4–5 food groups) was around 33 and 35%, respectively. While Mpumalanga had 15% of smallholder farmers, Limpopo had 17%, and both provinces had diets consisting of only three food groups or less.

[image: Figure 3]

FIGURE 3
 Dietary diversity of smallholder in Limpopo (n = 911) and Mpumalanga (n = 609) Provinces, South Africa.





3.2. Determinants of market participation among smallholder farmers

The factors that influenced farmers in participating in the market are presented in Table 6. The results showed that social grant, wealth index, and gender of household head all had a significant impact on the market participation of smallholder farmers. Wealth index showed a positive and statistically significant impact on the market participation of rural households; this means that an increase in wealth index of smallholder farmers increased their market participation.



TABLE 6 Factors influencing market participation among smallholder farmers.
[image: Table6]

The marginal effect results showed that gender of household head was statistically significant at 10%, and it had a positive coefficient. Social grant showed a significant impact on market participation of smallholder farmers and it was positive. This means that an increase in social grant led to an increase in market participation of smallholder farmers.



3.3. The impact of determinants of market participation on the HHDS (nutritional status) of smallholder farmers—Poisson endogenous treatment effect model

According to the Wald Chi2 (92.77, p > 0.000), the model is statistically significant at 1%, indicating a good fit. The rho (ρ) was statistically significant at 1% (0.998, p > 0.002). The significance of the rho (ρ) implies that unobserved characteristics of the smallholder farmers that influence their participation decisions in the market affect their nutritional status. To solve the issue of endogeneity, the Poisson endogenous treatment effect model should be used. The results showed that household size, agricultural assistance, ownership of livestock, social grant, wealth index, access to market information, and involvement in crop production were all statistically significant as shown in Table 7.



TABLE 7 Determinants of nutrition status using Poisson regression with endogenous treatment.
[image: Table7]

Household size had a positive and significant impact on the HDDS of smallholder farmers. The result showed an unexpected impact of agricultural assistance on HDDS, agricultural assistance had a negative impact on the HDDS, and it was statistically significant at 1%. Ownership of livestock had a positive and statistically significant on the HDDS of smallholder farmers. The results showed that social grant had a positive and statistically significant (p > 0.01) impact on the HDDS of smallholder farmers. Knowing the wealth index of a smallholder had shown a positive and significant impact. The results also showed that the involvement of smallholder farmers in crop production was statistically significant at 1% and had a positive impact on the HDDS of smallholder farmers. The coefficient on access to market information showed a positive effect on the HDDS and was significant at a 5% level.


3.3.1. Treatment effects on market participation of smallholder farmers

The main focus of this study was to assess the impact of market participation on the nutrition status of smallholder farmers in terms of HDDS. Descriptive statistics results showed that the average per capita HDDS of smallholder farmers who participated in the market was higher than those farmers who did not participate in the market. A simple considerable difference in the average per capita of HDDS between market participants and non-market participants in effect assessment is misleading as it involves bias and it fails to consider the potential heterogeneity in the characteristics between the two groups. Even though it controls for endogeneity, the evaluation using the endogenous Poisson regression model may be insufficient. Because the issue of missing data (counterfactual scenario) has not been examined, direct coefficients from the model cannot be taken as Average treatment effect on the treated (ATT).

This study, therefore, turned to the results of the effects of participating in the market on the nutrition status of smallholder farmers in terms of HDDS using ATT and ATE, where the Poisson regression with endogenous treatment effects was used. The ATE and ATT were assessed after fitting the Poisson regression with endogenous treatment effects. As shown in Table 8, the estimated potential outcome means (ATE) of market participation on HDDS was 0.747 and was statistically significant at 1%. The ATE estimate indicated that the average smallholder farmers who participated in the market in the whole sampled population had improved nutritional status. Correspondingly, the conditional treatment effect, which measures the ATT of market participation on HDDS, was 0.768 and statistically significant at 1%. Therefore, smallholder farmers who participated in the market had an average of 0.768 more of HDDS than it would if they did not participate in the market.



TABLE 8 Treatment effects on market participation of smallholder farmers.
[image: Table8]




3.4. The impact of determinants of market participation on the food consumption score of smallholder farmers—ordered logistic regression model

The results in Table 9 indicate the impact of market participation on the food consumption score of smallholder farmers. The result showed that household size had a negative and significant impact on the food consumption score of smallholder farmers. Gender of household head, irrigation type, social grant, and amount harvested had a positive and significant impact on the food consumption score of smallholder farmers.



TABLE 9 Determinants of food consumption scores using ordered logistic regression model.
[image: Table9]




4. Discussion

Food consumption score and dietary diversity are dominant topics in the scientific world of nutrition because they serve as accelerators for enhanced nutrition-sensitive and customized programs by recognizing nutrient deficiencies in families (Ambaw et al., 2021). According to the literature, socio-demographics, knowledge, attitude, and household assets are some of the essential components connected with the level of food consumption score among households (Daba et al., 2013; Ambaw et al., 2021). Primarily, unacceptable food consumption score is the main public health problem, and thus, strengthening nutrition intervention is very important (Isaura et al., 2018). The current study found that slightly more than half (54 and 57%) smallholder farmers had acceptable food consumption scores and highest dietary diversity, respectively. These results were in line with that of Fite et al. (2022), who discovered that more than half of the pregnant women in Haramaya District, eastern Ethiopia had acceptable food consumption score. The study indicated that factors such as consumption of animal-source foods, attitude, wealth and agricultural land possession were positively associated with acceptable food consumption score.

Household size refers to the total number of family members who live and eat in the same house for at least 6 months (Muche et al., 2014). According to Mequanent (2009) and Beyene and Muche (2010), household size or family size is an important factor that affects the state of household food security and, in most cases, has a negative impact on household food security. The influence of household size varies depending on the type of household and the density of the household size. In this study, household size had a positive impact on smallholder farmers’ dietary diversity (HDDS). This suggests that the majority of households were old enough to participate in the production and the market. The findings of this study, however, revealed that household size had a negative impact on the food consumption score of smallholder farmers. One probable explanation is that as family sizes grow, people compete for the little food they have and end up consuming fewer portions of various foods. Tsegay (2009) confirmed this, reporting that increasing family size puts more pressure on food consumption than on labor for production. Furthermore, Muche et al. (2014) reported that large family sizes put more pressure on household food security because it led to more food and non-food expenditures.

The accessibility of agricultural assistance had a detrimental impact on the HDDS. A possible explanation for this is that not all smallholder farmers benefit from government extension services, which prevents them from producing enough to meet market demand. Most smallholder farmers produce mostly staple crops using whatever resources they have and traditional ways. However, the findings contradict those of Fischer and Qaim (2012), Jari and Fraser (2012), Kyaw et al. (2018) and Sebatta et al. (2014), who discovered a positive and substantial relationship. According to these studies, having access to agricultural support can provide information about market access and improved varieties, which can increase farmers’ production knowledge. It can also provide farmers with a variety of seeds to enable them to produce a diverse range of crops for sale and consumption.

Livestock is an important production shifter since it increases a household’s potential to produce more, boosting the likelihood of a household’s market participation (Pica-Ciamarra et al., 2011). The findings of this study revealed that livestock ownership had a favorable impact on the HDDS of smallholder farmers. Smallholder farmers with livestock can sell some of their livestock to purchase nutritious foods while simultaneously investing more in crop cultivation. However, Kyaw et al. (2018) noted that if a household owns livestock, the household members would need to split time and money with the livestock for feeding and caring for the livestock, resulting in less production surplus to sell in the market. The study further explained that farmers with insufficient land must sacrifice crop output and focus on livestock rearing, which may have a detrimental impact on their marketable surplus.

Social grants have grown in popularity as a tool of enhancing the well-being of impoverished households in South Africa and beyond (Grinspun, 2016). The findings of this study demonstrated that the social grant had a favorable impact on smallholder farmers’ market participation, FCS, and HDDS. This is due to the fact that the purpose of social grants is to alleviate poverty and increase human capital capacity. Many studies have found that social grants can boost rural households’ economic capacity; yet many rural households misuse social grant funds (Covarrubias and Davis, 2012; Boone et al., 2013; Sinyolo et al., 2017; Todd et al., 2020). According to these studies, the majority of households rely solely on social grants and ignore alternative activities that can help them generate revenue. This resulted in them consuming lower-quality food and affecting their dietary diversity.

Smallholder farmers that know the resources they possess and their living standards, they tend to utilize what they have and produce effectively. Our results confirmed that high wealth index had a positive impact on market participation and nutrition status of smallholder farmers. The results also showed that the involvement of smallholder farmers in crop production had a positive impact on the HDDS of smallholder farmers. This was because smallholder farmers who are involved in crop production use the opportunity of market participation by being both sellers and buyers. They produce more variety of crops to sell the surplus in the market and they also use the income earned to buy other food groups that they cannot produce. This result is in line with Mathenge et al. (2010) and Mulenga et al. (2021) who reported that farmers who are involved in crop production have more comparative advantages in resource use, which can be shown in improved productivity through economies of scale.

The positive outcome of market information implies that farmers who have access to market information are likely to sell their products and make a profit. The results showed that the market information helped farmers with the knowledge of the market. Farmers were able to get information on pricing strategies and information on the crops that are in demand. This result is similar to that of Kyaw et al. (2018) who reported that access to market information would lead to increased productivity with a high marketable surplus. Moreover, Irrigation type and amount of crop harvested showed positive results on the FSC of smallholder farmers. This is because having access to irrigation system make smallholder farmers to depend less on rain and be able to produce crops under unfavorable weather conditions. In contrary to this, Fanadzo et al. (2010) and Post et al. (2012) reported that majority of smallholder farmers in rural areas do have access to irrigation system. These studies further reported that most of the smallholder farmers depend on rainfall for their production which is why they less diversity their crop production.



5. Limitations of the study and directions for future research

The data used in this analysis were gathered throughout the 2016/2017 season. Smallholder farmers’ farming and marketing systems may have evolved since then. To understand how the situation has changed since the last data collection, recent primary data are required. This study concentrated on two South African provinces. There is a need to broaden research to include all provinces, as well as comparing market involvement across provinces to draw lessons from one to the next province.



6. Conclusion and recommendations

The magnitude of under nutrition in developing countries remains high despite improvements in food and nutrition security over the last few decades. The results showed that more than half of smallholder farmers had acceptable food consumption score and highest dietary diversity. Therefore, this study recommends that more specific nutrition programs should be established to improve the nutritional status of smallholder farmers. The result also showed that agricultural assistance had a significant impact on the HDDS of smallholder farmers. The improvement of agricultural assistance is more associated with improvement of extension services, which can lead to more production of diverse crops and more market participation.

Health extension workers need to do more nutrition programs and workshops in rural areas. These programs and workshops will be intended on providing nutrition education, which will create awareness to smallholder farmers on diverse and balanced food items they should produce, sell, and consume. The extension workers can also invite nutritional counselors that will address the importance of food diversity. The nutritional counselor helps by demonstrating and providing guidebooks on all the diverse and balanced food items required (Ambaw et al., 2021). The workshops will also be used to help smallholder farmers on how they can improve their market participation. The extension workers need to come up with different and easy strategies on delivering market information to smallholder farmers. Hudson et al. (2017) suggested that extension workers need to use more participatory approaches in order to deliver knowledge to smallholder farmers since most of them are uneducated. This will help smallholder farmers in making production decisions that are in line with consumers’ demand.
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Gender of household
Female 77 300 61 688 988
Male 23 89 39 443 532

Access to agricultural assistance
Yes 26 100 28 318 418
No 74 289 72 813 1,102
Access to market information

Yes 15 60 3 387 447
No 85 329 66 744 1,073
Ownership of livestock.

Yes 23 8 37 a4 503
No 77 300 63 nz 1,017

Source: Authors' own anal
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Age of the household head  Participant’ age in years.

Gender of household head I the respondent is male, 1; otherwise, 0.

Marital status Ifthe participant is married, 1is assigned;

otherwise, 0is assigned.

Household size ‘The farm household total family members

Education level of the Years of education (continuous).

houschold head

Ownership of livestock I the participant owned livestock, 1; otherwise,
0.

Access to market information | 1if partcipants received market information, 0

otherwise
Involvement in crop 0if respondents were not active in crop
production production, 1if they did.
Disability in the family Ifthere is a disabled member of the family, 1 is

assigned; otherwise, 0 s assigned.

Access to agricultural If interviewees have access to extension services,

assistance they received a 1; otherwise, they received a .

Family member with HIV | If there is an HIV-positive family member, 1;
otherwise, 0.

Family member workedon  If there is a family member who worked on the

farm farm, 1; otherwise, 0.

Income If there is a person who works for income, 15

otherwise, 0.

Social grant Ifa family member receives a social grant, 1 is

assigned; otherwise, 0 s assigned.

Irrigation type I the participant had access to an irrigation

system, the answer was 1, otherwise it was 0.

Source: Own analysis.
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