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Abstract: The tomato supply chain is not well depicted, which affects the income share of the farmers, as a result, 

they face difficulties in accessing food. Therefore, the study investigated the impact of the income share of 

primary actors on household dietary diversity in the tomato supply chain. A multistage sampling procedure 

was used to select 800 participants for this study. The data were analysed using a zero-one inflated beta 

regression model, the Herfindahl-Hirschman index (HHI), and the Household Dietary Diversity Score (HDDS). 

The findings revealed that marketers earn the most (84% of total income) in the supply chain. The remaining 

16% of the income is split between farmers (15%) and transporters (1%). A larger percentage (63%) of the farmers 

consumed 3 food groups or fewer. It was further found that income share, along with other socioeconomic 

characteristics such as gender, age, formal education, farming experience, informal education, the average 

tomato yield, years of experience in tomato farming, number of working-class farm members, cooperative 

membership, access to credit service, and processing with various methods, had a significant impact on the 

probability and intensity of food security. The study indicated that greater revenue among tomato supply chain 

players enhances their households’ food security.  
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1. Introduction 

 Agriculture is the key source of revenue for many developing countries, including Nigeria, and will 

continue to account for a significant portion of GDP (World Bank, 2011; Abdullahi et al., 2015; Kehinde et al., 

2022). The sector also has strong export revenue potential, which may greatly boost the country's foreign 

exchange revenues. Tomato farming is widely practised in Nigeria. Small-scale farmers account for 90% of 

production, planting on land ranging from 0.5 to 4 hectares, with commercial farmers accounting for the 

remaining 10% (Sahel study, 2015). Nigeria has the greatest area used to cultivate fresh tomatoes in Africa, with 

541,800 ha, followed by Egypt at 214,016 ha (Mustapha et al., 2020). Nigeria is Africa's second-largest tomato 

grower and the world's 14th-largest tomato producer (FAOSTAT, 2019). The comparative advantage of tomatoes 

positions Nigeria to dominate global production and exports (Ugonna et al., 2015). Nigeria's annual tomato 

production is predicted to be around 1.8 million metric tons, accounting for approximately 68.4% of West Africa's 

output, 10.8% of total African production, and 1.28% of global production (FAO, 2020). Tomato production and 

marketing provide food and employment opportunities for both industry workers and tomato consumers 

(Oladapo et al., 2011), and its production, handling, shipping, distribution, and marketing involve a large 

number of people. Tomatoes can be processed and exported to other West African nations apart from being sold 

domestically. In addition to their economic advantages, tomatoes and foods containing them offer a variety of 

nutrients and numerous health advantages to people. In the region where it is grown and consumed, it is a vital 

component of the nutrition of the entire populace. Tomato is, therefore, of great value to human development 

and has the capacity for poverty alleviation (Kalidas and Sureka, 2014; Shuaibu and Mohammed, 2015). 

 Despite many advantages of the crop, production and marketing are unprofitable in most developing 

nations, including Nigeria, due to a variety of issues. Participants in the supply chain may experience challenges 

with marketing, post-harvest management, sustainable production, or any combination of these. Among these 

challenges, post-harvest issues are the most important (Obayelu et al., 2019). Many smallholder producers, 

processors, distributors, retailers, and exporters face post-harvest challenges as they manage food from harvest 

to the final client. Post-harvest difficulties in the tomato business might emerge on or off the farm. Farmers 

encounter a variety of challenges, including an inappropriate harvesting stage or period, ineffective harvesting 

machinery, high field heat, a lack of efficient storage and transportation facilities, ineffective packing materials, 

and inadequate field sanitation.  Lack of access or poor road conditions, incorrect modes of transportation, a lack 

of processing facilities or factories, improper retail packaging, and a lack of reliable markets are all examples of 

off-farm concerns (FAO, 2020). The losses happen at every stage of the supply chain, including harvesting, 

packing, storing, transporting, retailing, and consuming (WFLO, 2010). Both developing and developed 

countries face substantial losses following the harvest of tropical fruits, which range from 10 percent to 80 

percent. (FAO, 2006; Kitinoja et al., 2018). Poor handling, processing, and preservation methods result in the loss 

of 40–50% of the Nigerian tomato crop (Sahel research, 2015). The steps of processing, packaging, and 

distribution account for more than 45% (750,000 metric tonnes) of tomato waste. High post-harvest losses in the 

supply chain for tomatoes have been associated with poor infrastructure and transportation, poor farming 

techniques, a lack of expertise in post-harvest handling, and complicated marketing systems in the majority of 

developing nations (Obayelu et al., 2019). The primary causes of the loss are high rates of bruising, transpiration 

of moisture, and subsequent degradation during processing after harvest (Kaminski and Christiaensen, 2014). 

Before fresh tomatoes reach customers, the issues around post-harvest handling and storage may have an even 

greater impact on their quality. 

 All these concerns cause tomatoes to live shorter lives, resulting in lower quality and quantity of 

tomatoes on the market, forcing both farmers and traders to market their produce at low prices. Farmers' profits 
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are reduced after harvest, which leads to supply chain inequality (Sablani et al., 2006; Babalola et al., 2010). Both 

rural and urban populations rely on tomato production and sale for income, thus, any drop caused by post-

harvest loss will not only affect the income of the producers and traders but will also affect the income share 

between them. This shows that one way to boost income and eliminate income disparities is to reduce losses 

dramatically after harvest. A measurement of the distribution of income among supply chain participants is 

known as income inequality (Adeyemo and Kehinde, 2021). It is a comparative analysis of the income disparity 

within and between groups (Obayelu et al., 2019). However, the majority of tomato supply chain participants, 

particularly farmers, earn meagre wages that barely cover their subsistence needs.  High inequality indicates 

that a group of supply chain actors will always be at a disadvantage (Kunawotor et al., 2020). Economic literature 

acknowledges that the poverty of the actors is significantly impacted by global income inequality (Donkor et al., 

2022). Their low income, which limits their economic prospects, keeps them trapped in a vicious cycle of poverty 

(Kolawole et al., 2020; Kehinde and Ogundeji, 2022a; Adesiyan et al., 2023). Despite their low living standards, 

the investment patterns of participants in the tomato supply chain are heavily influenced by their socio-cultural 

origins. There is less research on the impact of losses following harvest on income and inequality among supply 

chain actors in Nigerian tomatoes. This differential between income shares among actors, most times, accounts 

for the food insecurity existing in the tomato supply chain (Donkor et al., 2022). This is because their current 

level of income has a significant impact on their food expenditure pattern. 

 

          According to several authors, improving supply chains is essential to boosting the quality-based 

competitiveness of domestic agricultural products, which will consequently promote food security and help 

eradicate poverty (FAO, 2014). Food insecurity is a widespread issue among tomato supply chain actors, caused 

by their inability to produce enough for the entire population due to low per capita income, a lack of social 

infrastructure and information flow, and high input costs, among other factors (Effiong and Enyia, 2022). This 

issue had resulted in malnutrition, which is an indicator of poverty (Adeyemi et al., 2020; Effiong and Enyia, 

2022; Akande et al., 2023). This circumstance results in low levels of investments, savings, output, and a lack of 

demand for basic quality food; thus, the players continue to live in a vicious circle of poverty.  The actors have 

persisted in coping with a range of economic circumstances that affect their standard of living and food security, 

resulting in gaps in resource distribution and a sizable discrepancy between household demand and supply of 

food. As a result, the food situation worsens, leading to increased food insecurity. It has not been proven that 

the actors' revenue alone is sufficient to cover household needs, particularly those related to food. This situation 

will continue uninterrupted until a conscious intervention is made to put an end to this unpleasant tendency. It 

is critical to ensure that the major actors in the tomato supply chain share the potential benefits of the market 

evenly. If only a few actors in the supply chain profit the most, income inequality is likely to worsen. Therefore, 

to make informed changes, it is necessary to understand how earnings are allocated among the actors of the 

chain as well as other factors that affect food security. Therefore, identifying and comprehending this 

fundamental part of the well-being of individuals and subgroups of individuals with extremely severe illnesses 

can be aided by monitoring food security (Kehinde et al., 2024). These contributions would lessen rural poverty 

and improve Nigeria's food security (Kehinde and Ogundeji, 2023; Ogunleye et al., 2024). 

 Even though there has been a lot of research on tomato products, most of it has concentrated on the 

production and economic analysis of certain supply chain members. However, in Nigeria, the supply chain as a 

whole received little or no attention.  Even though smallholder farmers in the districts mostly grow tomatoes, it 

is unclear which actors benefit the most and who benefit the least from the product. To find potentially practical 

policy actions to be implemented to increase the income and well-being of tomato supply chain members, a 
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study of this sort is required. This contrasts with previous initiatives that were unable to enhance the well-being 

of actors to a sustainable level because they did not account for their income sharing. So far, most studies 

undertaken on tomato supply chains have focused on postharvest losses. (Abay, 2007; Meaza et al., 2007; Adugna 

and Teka, 2009; Alemnew, 2010; Meseret, 2010; Temesgen et al., 2011; Birhanu, 2011). There has been no 

comprehensive research into the income shares of participants in the tomato supply chain and their impact on 

food security. This study addresses the following research questions: How are incomes distributed among the 

various stakeholders in the tomato supply chain in Nigeria? Does the income share of actors affect their food 

security? Using the novel inverse Herfindahl index and a zero-one inflated Beta regression model, our paper 

makes a significant contribution to the body of knowledge on supply chains by enhancing the knowledge of the 

distribution of income within the main actors (primarily farmers and markets) across the Nigerian tomato supply 

chain. The study gives insight into the factors influencing the food security of tomato supply chain participants. 

The findings of the study have policy implications for lowering income inequality and guaranteeing long-term 

sustainable food security for Nigerian supply chain actors. Policymakers can use the study's findings in the 

development of plans for the supply chain's sustainable production and marketing of tomatoes. Furthermore, 

the findings of the study would provide information that would be beneficial to Nigerian corporate groups, 

tomato producers and merchants. More specifically, policymakers would utilize the information to amend, 

create, or update current policies.  

 

2. Literature review  

 The literature indicates an increasing interest in understanding household and individual dietary 

diversity, owing to its importance in achieving nutrient requirements (Labadarios et al., 2011) and nutrient 

adequacy (Swindale and Bilinsky, 2005; Kennedy et al., 2009). Dietary diversity could serve as a realistic proxy 

measure of household or individual food security due to its ease of measurement and reflection on major food 

security pillars (Thorne-Lyman et al., 2009; Vakili et al., 2013). With this backdrop, numerous socioeconomic 

characteristics (income, education, and age) may influence individuals' dietary diversity (Thiele and Weiss, 2003; 

Thorne-Lyman et al., 2009), which is important to understand for policy recommendations and food security 

interventions. Dietary diversity refers to the number of individual foods or food types ingested over a certain 

period. Dietary variety is typically quantified by adding the number of foods or, more commonly, by calculating 

the number of food types ingested over a given time (Ruel, 2002; Vakili et al., 2013). Vakili et al. (2013) proposed 

that dietary diversity can be utilized as a proxy indicator of household food access and a reflection of nutritional 

quality at the individual level. The reference time is typically one to three days, while seven days are also 

commonly used (FAO, 2011), and spans of up to 15 days have been documented. Household dietary diversity 

can be linked to food availability, access, and use, which are essential components of food security. Availability 

refers to the existence of food that may be obtained from its production or the market, whereas accessibility 

refers to households' ability to obtain diverse food in sufficient quantity and quantity, which is determined by 

household income and price.  

 Several researchers have noticed that there are few recommendations for measuring dietary diversity 

and propose that counting the number of different foods or food groups consumed could be a good indicator. It 

is a helpful measure of family food security because questions about dietary diversity can be posed at the 

household or individual level, allowing researchers to investigate food security at both the household and intra-

household levels.  Participants also find the questions simple to answer, and they do not take long. Third, 

consuming a variety of foods is an acceptable outcome. Fourth, a wider diversity of foods is linked to many 

favourable outcomes, including a lower risk of death from cardiovascular disease and cancer (Hoddinott and 
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Yohannes, 2002). Some researchers have investigated the relationship between the number of particular foods 

or food types and nutrient adequacy (Hatloy et al., 1998; Ruel 2002). Common dietary variety measures used in 

developing countries include those based on a basic count of foods or food groups, while others evaluate the 

number of servings of various food groups following dietary standards (Ruel, 2002). Several African studies 

employed food group counts in Ethiopia (Arimond and Ruel, 2002) and Niger (Tarini et al., 1999), as well as the 

number of specific foods consumed in Kenya (Onyango et al., 1998), Ghana, and Malawi (Ferguson, 1993).  

 Studies (Hatløy et al., 2000; Ogle et al., 2001; Hoddinott and Yohannes, 2002) suggest that dietary 

diversity can be measured using a combination of single and group meal counts. In Mali (Hatloy et al., 1998) and 

Vietnam (Ogle et al., 2001), researchers employed both single food counts, known as food variety scores (FVS), 

and food group counts, known as dietary diversity scores (DDS). The Mali study made a useful contribution by 

demonstrating that DDS (based on food groupings) was a stronger predictor of nutrient sufficiency than FVS 

(based on individual foods). Increasing the number of food groupings has a bigger influence on nutritional 

intake than increasing the number of individual foods. This is because the elements required to meet nutritional 

requirements are not contained in a single food item (excluding human breast milk in the first month of life) but 

rather in a diet that includes numerous food groups (Hsu-Hage & Wallqvist, 1996). HDDS is calculated by 

adding all of the food groups consumed within the family over 24 hours (FAO, 2020). HDDS is a systematic free 

recall of food items ingested by households in the previous 24 hours (Huluka et al., 2019). Following FAO (2022), 

this study employed HDDS as an indicator of family food security measures. This food security indicator 

evaluates food diversity based on dietary quality and adequacy. Dietary diversity has an advantage in validating 

the degree of heterogeneity in household dietary patterns as well as the households' economic capacity to 

consume a varied range of food items (Mango et al., 2018). To acquire dietary diversity data from the investigated 

families, a 24-hour food recall was used. Following (Mutengwa et al., 2023; Wekesa et al., 2018), numerous food 

products consumed in the research sites were listed, and respondents were asked to select the ones they had 

ingested within the previous 24 hours. Following (FAO, 2022; Huluka et al., 2019), the list of household food 

items consumed was then divided into twelve traditional categories. 

 

3.  Materials and methods 

3.1. Study Area  

  The study was conducted in Nigeria. Tomatoes are grown in most of the Nigerian States. Tomatoes are 

grown largely in the northern region of the country. These states are among the top producers of tomatoes. The 

tomato-producing states of Nigeria are Kano, Taraba, Gombe, Bauchi, Kaduna, Sokoto, Zamfara, Katsina, 

Jigawa, Delta, Kwara, Oyo, Borno, Bauchi, and Plateau. These states included about five of Nigeria's six 

geopolitical zones. These states produce roughly 80% of the tomato crops in the nation. Kano has been the most 

successful in this area. Additionally, Nigeria accounts for 2% of global tomato production. In 2010, Nigeria had 

its highest tomato yield (20-25 t/ha) (FAOSTAT, 2014). They bloom at temperatures ranging from 25 to 34 degrees 

Celsius. Tomatoes are also highly susceptible to humidity and rainfall. The tomato growing season in these areas 

is from August to September. The tomato supply chain includes actors such as producers, traders, and 

transporters scattered across different states in Nigeria (Figure 1). 
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Figure 1: Tomato-producing States in Nigeria.  

Source: Google map, 2019 Accessed from 

https://www.researchgate.net/publication/314174390_Report_Horticultural_Study_Nigeria/figures?lo=1 at 

4/10/2024. 

3.2. Sampling procedure 

 A multistage sampling procedure was used to select respondents for the study. This paper is based on 

a farm household survey, and the data collected were for the 2021/2022 cropping season through personal 

interviews. Each geopolitical zone of the country was assigned a state based on the predominance of production 

and consumption in the supply chain. Participants were drawn from the producers/farmers, traders, and 

transporters across the selected States.  

The number of respondents for the study was obtained using Yamane’s Formula for sample size (Eq 1) 

 

Where n = sample size, N = population size, e = level of precision or sampling error (5%). After determining the 

sample size required for the study, Participants for this study were drawn from the tomato supply chain using 

a multistage sampling technique. In total, 800 participants (tomato producers, marketers and transporters) along 

the supply chain were selected. 

https://www.researchgate.net/publication/314174390_Report_Horticultural_Study_Nigeria/figures?lo=1
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 Producers- Tomato producers were selected across the six geo-political zones in Nigeria to ensure wider 

coverage for the study. About 80% of the farmers chosen for this study were from the North because the North 

accounts for 80% of tomato output. Two states were purposefully chosen from each of the three geopolitical 

zones in the North based on tomato production volume, with one state from each of the remaining geopolitical 

zones. The list of tomato producers in the chosen state was collected from the State Ministry of Agriculture. A 

random sample technique was used to select 300 tomato farmers from the selected states.  

 Marketers- Tomato traders were selected across eight (This figure is based on the total number of states 

chosen for tomato producers in this study) major tomato markets within the six geo-political zones in Nigeria to 

ensure wider coverage for the study. Tomato marketplaces were purposively chosen based on the number of 

tomatoes sold in each market. The list of tomato traders in each market was obtained from the tomato traders' 

association in each market. 50 traders from each market were chosen using a random sampling procedure. A 

total of 400 traders were selected for this study across major tomato markets in Nigeria.  

  Transporters- Tomato transporters were selected across eight (This figure is based on the total number 

of states selected as tomato producers in this study) major tomato markets within the six geo-political zones in 

Nigeria. Between 10 and 15 transporters from each market were chosen using a random sampling technique.  

This survey included a total of 100 transporters from across Nigeria.  

3.3. Analytical Techniques   

 

 First, descriptive statistics and independent sample t-tests were employed to analyze the data and 

describe the socioeconomic characteristics of farmers. The income shares of players in the tomato supply chain 

were then calculated using the inverse Herfindahl index and the household dietary variety score to determine 

the food security status of the actors. The maximum likelihood distribution of a zero-one inflated Beta regression 

was used to quantify the impact of income share on food security among tomato farmers along the supply chain. 

 

3.3.1. The test statistic: t-test 

This involved an independent sample t-test as shown in equation 1. 

𝑡 =
𝑥̅1−𝑥̅2

√
𝑆1

2

𝑛1
+

𝑆2
2

𝑛2

           (1) 

𝑥̅1 = The mean value of the socio-characteristics of the farmers. 

𝑥̅2 = The mean value of the socio-characteristics of the traders 

S1 = Standard deviation of farmers, 

S2 = Standard deviation of traders, 

n1 = sample of farmers. 

n2 = sample of traders. 

3.3.2. Herfindahl-Hirschman index (HHI) 

 The income shares of major actors in the tomato supply chain were determined using an inverse 

Herfindahl index, often known as the Herfindahl-Hirschman index (HHI).  

This is expressed in Equation (2): 

𝐻𝐻𝐼 = 1 − 𝐻𝐼 = 1 − ∑ 𝑃2𝑛
𝑖=1         (2) 

where p is the proportion of each income of the actor to the overall income of the tomato supply chain. 

3.3.3. Household dietary diversity score (HDDS) 
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 It is feasible to inquire about dietary variety at the household or individual levels. This is the total 

quantity of different food groups consumed throughout a specific period. This refers to the number of different 

food categories consumed throughout a certain period. Food is divided into twelve categories: cereals, tubers 

and roots, fruits, vegetables, meats, eggs, fish, shellfish, legumes, nuts and seeds, milk and dairy products, oils 

and fats, sweets, spices, sauces, and beverages. The household over the 24-hour recollection period either 

ingested "1" or did not consume "0" the responses (FAO, 2012). The dietary diversity score of households ranges 

from 0 to 12, depending on how all the food groups are added together. 

 According to Kennedy et al. (2010), there are no predetermined cut-off criteria for the number of food 

groups that represent enough or insufficient dietary diversity for the HDDS. Equation (3) was used to calculate 

the household dietary diversity index (HDDI), which categorizes families as having low (≤3), medium (4-6), or 

high (≥6) dietary diversity.  

 

HDDS = 
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑓𝑜𝑜𝑑 𝑔𝑟𝑜𝑢𝑝𝑠 𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑑 𝑏𝑦 ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑓𝑜𝑜𝑑 𝑔𝑟𝑜𝑢𝑝𝑠 (12)
    (3) 

 

3.3.4. The zero-inflated beta regression model 

 Let 𝑓𝑖 be the HDDs of household i, 𝑐𝑖   be the income share of the household head, and then 𝑦𝑖 = 𝑐𝑖 − 𝑓𝑖is 

the capacity of the household to be food secure. Define the fraction of HDDs (h) required for a home to be food 

secured, as 𝑣𝑖 =
ℎ𝑖

𝑦𝑖
∈ (, 1), then household food security is not guaranteed if t𝑣𝑖 > 𝑧,where 𝑧 ∈ (, 1) a threshold at 

which food security is deemed out of bounds. The present literature uses either the binary logit or the probit to 

model the factors influencing food security. To address the previously identified difficulties with this technique, 

we simulated the factors that directly influence food security utilizing the variable 𝑓𝑖   as a dependent variable. 

Because the proportion of food-secure households can have a point mass of zero, we adopt a sequential model 

that distinguishes between the extensive margin (whether the HDDs of specific houses are 0 or nonzero) and the 

intensive margin. The presence of zeros implies that some HDDs of households have both continuous and 

discrete components, and their density can be represented as a discrete-continuous density as follows in 

equation 4: (Ospina and Ferrari, 2012; Cook et al., 2008).  

𝑔(𝑣; 𝜇, ∅, 𝜋) = {

0 𝑖𝑓 𝑣 < 0
𝜋 𝑖𝑓 𝑣 = 0

(1 − 𝜋)𝑓(𝑣;  𝜇, ∅) 𝑖𝑓 0 < 0 < 1
     (4) 

Where 𝑓(𝑣;  𝜇, ∅) =
Γ(𝜙)

Γ(𝜇∅)Γ((1−𝜇)𝜙)
𝑣𝜇𝜙−1(1 − 𝑣)(1−𝜇)𝜙−1    (5) 

 

is an illustration of a two-parameter beta distribution (Ferrari and Cribari-Neto, 2004, Smithson 

and Verkuilen, 2006) that gives the probability density of  𝑣 on the interval (0, 1) and Γ(. ) represents the gamma 

function.  

The gamma function is represented as a two-parameter beta distribution (Ferrari and Cribari-Neto, 2004, 

Smithson and Verkuilen, 2006) with probability density of  𝑣 on the interval (0, 1) and Γ(. ). For the mixture 

density,𝐸(𝑣) = (1 − 𝜋)𝜇 and (𝑣) = 𝜎2 = (1 − 𝜋)𝑉(𝜇) + 𝜋(1 − 𝜋)𝜇2 , where 𝑉(𝜇) =
(1−𝜇)

1+𝜙)
  is a variance equation 

in equation 5. 
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 Given that, given a fixed  𝜇,  the larger the value of 𝜙, the smaller the variance of 𝑣, the parameter  𝜇 is 

a location parameter, and the parameter 𝜙 is a precision parameter. The beta density takes on a variety of shapes 

based on the values of the factors. 𝜇 𝑎𝑛𝑑 𝜙. 

 Cook et al. (2008) proposed a zero-inflated beta regression based on the previously reported zero-

inflated density, which was then generalized by Ospina and Ferrari (2012). The modification permits 

the modelling of the variance of 𝑣𝑖  and the potential for one inflation. We employ the model by Ospina and 

Ferrari (2012) because it enables the handling of extra zeros in proportions as well as the modelling of the 

proportion's variance. The zero-one-inflated beta regression model is defined as follows. Assume that each 𝑣𝑖  As 

a probability density function that is independently and identically distributed as in equation (6), the zero-

inflated beta regression model is given by 

 

𝑓(𝑣𝑖|𝑥) = 1 − Λ(𝑥𝑖
′𝛼)  𝑖𝑓𝑣𝑖=0      (6) 

 

and  

 

𝑓(𝑣𝑖|𝑥) = 1 − Λ(𝑥𝑖
′𝛼)  [

Γ(𝜙𝑖)

Γ(𝜇𝑖𝜙𝑖)Γ((1−𝜇𝑖)𝜙𝑖)
𝑣𝑖

𝜇𝑖𝜙𝑖−1(1 − 𝑣𝑖)(1−𝜇𝑖)𝜙𝑖−1]  𝑖𝑓 0 < 𝑣𝑖 < 1 (7) 

 Where Λ(. ) is the strictly monotonic, twice-differentiable cumulative density function of a logistic 

distribution, 𝛼 is a compatible variable vector, and 𝑥𝑖  is a vector of exogenic regressors. The unconditional mean 

is represented as 𝐸(𝑣𝑖|𝑥) = Λ(𝑥𝑖
′𝛼)𝜇𝑖 =  Λ(𝑥𝑖

′𝛼)𝐸(𝑣|𝑣𝜖(0,1), 𝑥) =  Λ(𝑥𝑖
′𝛼)Λ(𝑥𝑖

′𝛽), where 𝛼 and 𝛽 are compatible 

variable vectors in equation 7. The unconditional mean is calculated using the chance that a household is food 

secure and the conditional mean of the degree of food security for the households. Predicted values of 𝑣𝑖  are 

guaranteed to be bounded between zero and one by Λ(𝑥𝑖
′𝛽). If 𝛽𝑗  is positive, then the covariate of income share 

𝑥𝑗  increases the food security of households.  

 

 We choose logit link functions for both equation (6) and the conditional mean 𝐸(𝑣𝑖|𝑣𝑖𝜖(0,1), 𝑥)since 

they are compatible with previous research (Smithson and Verkuilen (2006) and Cook et al. (2008), which use 

proportional data). 

 A log-log link, a complementary log-log link, and a probit link are all possible link functions. For further 

details on link functions, see Smithson and Verkuilen (2006) and Ospina and Ferrari (2012). To determine if a 

variable contributes to the variance of 𝑣𝑖 beyond its influence on the mean, the conditional precision parameter 

𝜙𝑖 is represented as follows. 

𝜙𝑖 = exp (𝑥𝑖
′𝜃)          (8) 

 

Where 𝜃 is a compatible variable vector. A positively signed 𝜃𝑗  𝑡ℎ𝑒 value indicates more precision, which reduces 

the variance or risk of food insecurity for the households.  The log link function, consistent with previous 

research (Smithson and Verkuilen, 2006; Cook et al., 2008), was used to maintain the restriction of negative 

variances. Another alternative is the square root link function. 

 

 With precision, the zero-inflated beta regression is reduced to beta regression when Λ(𝑥𝑖
′𝛼) = 1, and 

without precision when Λ(𝑥𝑖
′𝛼) = 1 and = exp(𝑥𝑖

′𝜃) = 1. In a nutshell, the zero-inflated beta regression utilized 

in this study contains three sub-models. Equation (7), the first sub-model, captures the likelihood that a 

household is food secure on x. The second model, 𝜇𝑖 = Λ(𝑥𝑖
′𝛽), is a location sub-model that examines how the 
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average degree of food security varies with x about the income share. The third model, represented by equation 

(8), is a precision sub-model that allows one to assess if, given the mean, changes in x result in an improvement 

or deterioration of the food security of a household: The vector of exogenous variables for the three sub-models 

does not have to match, meaning that the exogenous variables may partially or completely overlap. The zero-

one inflated beta regression parameters are estimated using maximum likelihood methods (Ospina and Ferrari, 

2012). Data were gathered by the researchers and processed using social science package software (SPSS) version 

23 and STATA software (ver. 18, College Station, TX).  

 The inclusion of these independent variables in the model was based on a previous expectation of the 

variable used and a review of the literature. These independent variables are expected to influence food security 

(Table 1). 

 

Table 1. The prior expectation for the explanatory variables for the Probit model 

Variables  Unit   Expected 

sign   

Description    Studies  

Gender   Dummy   +  1= male   

0= female   

Visser and Wangu (2021) 

Marital Status  Dummy   +  1= if a farmer is married   

0= otherwise   

Lee et al. (2023) 

Age  Year   +  Measured in years   Tambe et al. (2023) 

Years of formal education  Year  + Measured in years spent in 

school 

Wudil et al. (2023) 

Years of informal 

education  

Year  + Measured in years spent 

seeking informal education 

Mutisya et al. (2016) 

Main occupation  Dummy  + 1= agriculture 

0= otherwise   

Obayelu and Akpan (2021) 

Farm size  Hectares  +  Measured in hectares  Edafe et al. (2023) 

Farming experience   Years spent in 

farming    

+  Measured in years spent in 

farming   

Villacis et al. (2022) 

Average tomatoes yield  Continuous + Measured in output Wudil et al. (2023) 

Tomatoes farming 

experience   

Years spent in 

farming    

+  Measured in years spent in 

farming   

Garba (2024) 

HHsize 6-14 Number of 

persons between 6-

14 years 

- Measured in the number of 

household members 

between 6-14 years   

Amao et al. (2023) 

HHsize 15-64 Number of 

persons between 6-

14 years 

+/- Measured in the number of 

household members 

between 6-14 years   

Wudil et al. (2023) 

HHsize above 65 Number of 

persons above 65 

years 

- Measured in the number of 

household members above 

65 years  

Tamiru et al. (2016) 

Membership in an 

agricultural cooperative   

Dummy   +  1= if the farmer belongs to a 

cooperative  

0= otherwise   

Kehinde and Kehinde (2020) 

Distance to market Distance  - Measured in Kilometre Wudil et al. (2023) 

Access to credit   Dummy   +  1= Access; 0= otherwise  Kehinde and Ogundeji (2022b) 

Costing of processing   Continuous  -  Measured in Naira Olugbire et al. (2016) 

Income  Continuous  + Measured in Naira Orjiakor et al. (2023) 



Scientia Agriculturea Bohemica 11 of 21 

 

4. Results and Discussion  

4.1. Socioeconomic characteristics of the actors in the tomatoes supply chain 

 Table 2 shows the socioeconomic characteristics of the participants in the tomato supply chain. 

According to the HHI analysis, there are two primary actors in the tomato supply chain in this study.  

Table 2: Socioeconomic characteristics of the actors in the tomatoes supply chain 

 

Variables  Farmers  Traders  T-test 

Age  42.76(10.98) 37.96(10.82) 3.08** 

Experience  21.00(10.65) 13.18(9.08) 4.62*** 

Year of education  2.95(1.22) 2.80(1.05) 2.28** 

   X2-value 

Main occupation  90.46 81.60 0.01** 

Gender (Male) (%) 96.20 86.28 0.01*** 

Married (%) 93.85 78.84 0.02** 

Observations 300 400  

Statistics in parenthesis are standard deviation ∗∗∗, ∗∗ &∗ represent significance levels at 1%,5% & 10%, 

respectively  

Source: Field Survey (2021). 

 The primary actors are farmers and traders because they bear all the financial responsibility in the 

supply chain. There is a considerable disparity in the mean age of farmers (42.76±10.98years) and traders (37.96 

±10.82 years) farmers in the study. This suggests that the farmers were relatively older than the traders in the 

supply chain. The years of academic achievement of actors are very different from one another. The years of 

schooling by farmers (2.95±1.2 years) were higher than the traders (2.80±1.05 years). This could indicate that 

farmers spent more time in school than traders in the tomato supply chain. The results showed that farmers 

(21±10.88 years) have more years of experience than traders (13.18±9.08). The majority (96%) of farmers are male 

though 86 % of traders are also male. The majority (93%) of farmers are married though 79 % of traders are also 

married. Most farmers (90%) have tomato production as their main occupation, while 82 % of traders market 

tomatoes as their main occupation. The result indicated a significant distinction in the primary occupation, 

gender and marital status of actors in the tomato supply chain. This result indicates the presence of selection 

biasedness and endogeneity in the selected sample. 

4.2. Income of the various actors in the tomato supply chain 

 Figure 2 shows the income share of the supply chain’s actors of tomatoes using the inverse Herfindahl 

index.   

Sundry processing  Dummy   +  1= if, yes  

0=otherwise 

Tigabu and Gebeyehu (2018)  

Access to extension 

service   

Dummy  +  1= if, yes  

0=otherwise 

Aremu and Reynolds (2024) 
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Figure 2: Income of the various actors in the tomatoes supply chain 

Source: Field Survey (2022) 

 The inverse Herfindahl index, also known as the Herfindahl-Hirschman index, is the most appropriate 

statistic since it considers both the number of actors in the supply chain and their contributions to overall 

household income. Based on this, it classifies the actors into stakeholders and facilitators. The Nigerian tomato 

supply chain consists of two main actors and one facilitator. The actors are farmers and traders, while the 

facilitators are the transporters. The main activity of the facilitators is to ensure the movement of tomatoes from 

one point of the chain to another without any financial commitment. It can be deduced that traders have the 

largest share of income along the supply chain. They enjoy about 84% of the income flow along the tomato 

supply chain. While the remaining 16% of the income is shared among the farmers (15%) and transporters (1%). 

This result indicates that the traders have enough money to afford anything they want including food. According 

to the respondents during the field study, farmers are primarily responsible for the transportation of tomatoes. 

From the findings of the result and our observation during the field survey, we observed that the problem of 

food insecurity is intense among tomato farmers. Therefore, we further investigated the food security situation 

of tomatoes farmers.  

 

4.3. Food security status of the farmers in the tomatoes supply chain  

  Further, the distribution of HDDs of tomato farmers in the supply chain is presented in Figure 3 using 

bar chat.  
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Figure 3: Food security status of the farmers in the tomatoes supply chain  

Source: Field Survey (2022) 

  Dietary diversity measure of food security reflects nutrient adequacy and the financial capacity of a 

household to access a variety of food. Nutrient adequacy and dietary diversity score are directly correlated 

(Kennedy et al., 2010). Higher socioeconomic standing, particularly among farmers, is linked to greater dietary 

diversity. The HDDS ranged from 0 to 12. Cereals; roots and tubers; vegetables; fruit; meat, poultry, and offal; 

eggs; fish and sea foods; legumes, nuts, and seeds; milk and milk products; oils and fats; sugar/honey; sauces 

and beverages (FAO, 2007; 2008). These food groups were utilized to better depict the high-quality diets found 

in the study area's homes. This was accomplished using the 24-hour recall approach. The chart showed that a 

larger percentage (63%) among the farmers consumed 3 food groups and below. Also, within medium HDDS, 

22% of the farmers consumed between 4 to 6 food groups, and among the high HDDS category, 15% of 

respondents consumed over 6 food groups. This implies that a larger percentage of farmers are food insecure. 

This further implies that the low-income share along the supply chain might have been one of the contributory 

factors to the low HDDs. 

 

4.4. Impact of income on household dietary diversity of farmers along the tomato supply chain using the maximum likelihood 

of a zero-one inflated Beta distribution. 

 The maximum probability distribution of a zero-one inflated beta regression model was used to 

investigate the impact of income on household dietary diversity of farmers across the tomato supply chain. Table 

3 displays the results of the double hurdle regression, which investigated the effect of income on the likelihood 

and intensity of household dietary diversity of farmers. The DH model's significance tests (log-likelihood = -

122.902) support its use because they show that it is the best match. This shows that the probability and intensity 

of household dietary diversity of farmers are driven by two distinct processes and should thus be examined 

independently. The Double-Hurdle model has a Wald chi2 value of 184.10, a zero inflate constant of 5.560, and 

a Ln_phi of 0.968, indicating an excellent fit and statistical significance (p=0.000). The second hurdle employs a 

zero-one inflated Beta regression model to emphasize the factors that influence the intensity of household dietary 

diversity of farmers, while the first hurdle reveals the factors that influence the probability of household dietary 

diversity of farmers. 
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 The first hurdle regression results show that among the socioeconomic characteristics of the farmers 

included in the model, gender, age, income, years of formal education, years of informal education, average 

tomato yield, years of experience in tomato farming, number of working-class members, cooperative 

membership, access to credit service, and processing with sun-dry methods all have a significant impact on the 

probability of household dietary diversity of farmers. Gender, age, income, years of formal education, average 

tomato output, years of tomato growing experience, cooperative participation, and access to finance are all 

positive and significant determinants of the household dietary diversity of farmers. On the other hand, the 

coefficient of the number of working-class individuals, tomato processing using sun-dry techniques, and years 

of informal schooling all had a substantial negative impact on the likelihood of household dietary diversity in 

the research area. Furthermore, the data show that increasing age, years of formal education, average tomato 

yield, years of experience in tomato farming, cooperative membership, and access to financial services improves 

household dietary diversity of farmers. While the increase in years of informal schooling, the number of 

working-class members, and processing with sun-dry methods would have an adverse influence on the 

household dietary diversity of farmers. 

 

 In the second hurdle, socioeconomic characteristics such as income, gender, age, years of formal 

education, years of farming experience, years of informal education, the average yield of tomatoes, years of 

experience in tomato farming, number of working-class members, cooperative membership, access to credit 

service, and processing with various methods have a significant impact on the intensity of household dietary 

diversity (Table 3).  

 

Table 2: Impact of income on the food security of farmers along the tomato supply chain using the maximum 

likelihood of a zero-one inflated Beta distribution 

Variable  First hurdle (probability of food 

security) 

Second hurdle (the incidence of 

food security) 

Coefficient (Z value) Coefficient (Z value) 

Gender  0.119***(3.33) 4.310***(5.20) 

Marital status  0.311(0.11) 0.457(0.54) 

Age  0.587***(5.14) 0.722***(5.05) 

Years of formal education  0.685**(3.33) 0.764**(2.15) 

Years of informal education -0.232**(-2.31) -0.279***(-3.17) 

Main occupation  0.154(0.48) 0.382(0.13) 

Years of farming experience  0.141(1.37) 0.284**(2.25) 

Farm size  0.193(0.05) 0.889(0.12) 

Average tomatoes yield  0.108***(3.60) 0.313***(4.28) 

Years of tomatoes farming  0.274***(2.61) 0.342**(2.42) 

HH size 6-14 years 0.901(0.45) 0.904(0.00) 

HH size 15-64 years -0.441**(-2.21) -0.139***(-3.16) 

HH size above 64 years 0.264(0.05) 0.860(0.86) 

Cooperative membership  0.408***(2.91) 0.758***(3.56) 

Distance to market  -0.264(-0.06) -0.448(-1.21) 

Access to credit service  0.684***(5.46) 0.428***(6.86) 

Cost of processing  0.239(0.27) 0.236(0.13) 

Income  0.886**(2.33) 0.619**(2.00) 

Sundry processing  -0.494***(-3.15) -0.967***(-2.67) 

Access to extension service  0.150(0.95) 0.462(0.05) 

Constant  0.855***(5.38) 0.625***(9.92) 

No of Obs 300 300 

Waldchi2 (20) 184.10  

Prob>chi2 0.000  
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Loglikelihood  -122.902  

   

Zero inflate constant   5.560***(5.54)  

Ln_phi 0.968***(16.37)  

***, ** &* represent significance levels at 1%,5% & 10%, respectively 

Source: Field Survey (2022) 

 

 However, the coefficients of gender, age, income share, years of formal education, years of agricultural 

experience, the average tomato production, years of experience in tomato growing, cooperative membership, 

and access to credit services all showed positive outcomes. This suggests that increasing age, income share, years 

of formal education, average tomato output, years of experience in tomato farming, cooperative membership, 

and access to credit services will raise the intensity of household dietary diversity in the research area. The 

coefficients of years of informal education, number of working-class individuals, and tomato processing using 

sun-dry methods all showed negative results. This suggests that increasing years of informal education, the 

number of working-class members, and processing using non-traditional ways would reduce the intensity of 

household dietary diversity in this study area.  

 

  Years of education had an enormous effect on the household dietary diversity of the tomato farmers in 

the study. This shows that an increase in farmers' years of formal education will most likely improve their 

household dietary diversity. Previous studies, such as Bamire (2010), Eicher-Miller et al. (2011), Bawadi et al. 

(2012), and Mutisya et al. (2016), discovered a positive relationship between higher household education 

attainment and an increase in the likelihood of food security. Understanding these food groups influences 

dietary decisions, increasing family members' intake of high-quality meals. This is due to the potential that the 

household head's level of education is influenced by awareness of the food types essential for human growth 

and development. The same plausible explanation applies to the negative association between years of informal 

schooling and household dietary diversity. Years of expertise in agricultural production, particularly tomato 

farming, had a substantial impact on the household dietary diversity of the tomato producers in the study. This 

implies that a unit increase in agricultural farming experience, particularly tomato cultivation, will most likely 

improve household dietary diversity of the tomato producers. This is because lengthy years of agricultural 

experience raise farm output, which improves household dietary diversity of the tomato producers (Kehinde et 

al., 2021). Average tomato yield also significantly influenced household dietary diversity of the tomato 

producers in the study.  The result of this is that a unit increase in tomato yield would probably improve the 

household dietary diversity of the tomato producers. This is since higher farm yields will raise the amount of 

money that households have available to them to spend on food whenever they like, which will always boost 

propensity of farming households to consume and household dietary diversity of the tomato producers 

(Kehinde et al., 2021).  

  Food security and access to credit services are positively correlated. This is due to the fact that having 

access to credit services greatly increases one's ability to obtain loans for both production and consumption, 

improving one's level of household dietary diversity (Kehinde and Kehinde, 2020; Adesiyan and Kehinde, 2024). 

Membership in a cooperative and household dietary diversity of the tomato producers are positively correlated. 

This is likely a result of cooperative members who consistently attended meetings acquired strong better farming 

and business skills, which in turn increased output and enhanced food security status. The gender of the farmers 

and their level of household dietary diversity of the tomato producers are positively correlated. The results show 

that having a male household head enhances the probability of being food secure. Although this contradicts the 
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findings of Obayelu and Orosile (2015) and Awotide et al. (2011), it does corroborate the conclusion that female-

headed households in Africa had a lower incidence of food insecurity. The farmers' age and level of food security 

are strongly connected. According to Zhu et al. (2012), elderly farmers are more likely to profit from remittances 

from their migrating children and family members. This could be because elderly farmers are more economically 

engaged and may pursue profitable livelihood opportunities (Umeh et al., 2012; Matchaya and Chilonda, 2012).  

  Several studies (Agboola, 2005; Ayantoye, 2009; Ibrahim, Uba-Eze, Oyewole, and Onuk, 

2009; Ayanwale et al., 2024) have found a negative correlation between the number of working-class farm 

members in a household and household dietary diversity of tomato producers. This is most likely because larger 

households have more consumer household resources, particularly food, and vice versa. Additionally, 

households with a high working-class membership are more likely to experience food insecurity (Ayantoye, 

2009). Also, there is a negative relationship between tomato processing with sun-dry methods and the household 

dietary diversity of tomato producers. This is because tomato processing with sun-dry methods does not 

command a good market price and this therefore has an adverse effect on the household dietary diversity of the 

tomato producers. 

5. Conclusions  

 The study analyzed the income share of the primary players in the tomato supply chain and how it 

impacted their household dietary diversity. For this study, 800 participants were selected from the tomato 

supply chain using a multistage sampling technique. The data was analyzed using descriptive statistics, a zero-

one-inflated Beta regression model, the Household Dietary Diversity Score (HDDS), and the Inverse Relative 

Important Index (commonly known as the Herfindahl-Hirschman Index, or HHI). The study revealed that 

traders have the largest share of income along the supply chain. They enjoy about 84% of the income flow along 

the tomato supply chain. The study also observed that a larger percentage (63%) of the farmers consumed 3 food 

groups and below. The first hurdle regression results show that income share along with the socio-economic, 

institutional and farm characteristics of the farmers such as gender, years of formal education, average tomato 

yield, cooperative membership, access to credit service, and processing with various methods have a significant 

impact on the probability of household dietary diversity of the tomato producers. While, in the second hurdle, 

income share along with the socio-economic and institutional characteristics of the farmers such as gender, years 

of formal education, cooperative membership, and access to credit service are significant in influencing the 

intensity of household dietary diversity of the tomato producers. It was also concluded that income along with 

other socio-economic, institutional and farm characteristics of the farmers influenced the probability of 

household dietary diversity of the tomato producers as well as its intensity. Hence, policies that can promote 

increased access to income for the farmers on the tomato supply chain should be promoted. 

 The study suggests recommended actions should be taken to reduce or close the income gaps among 

the participants in the tomato supply chain. Since farmers are the least privileged participants in the supply 

chain, concerted efforts such as government policies and programs should be made to raise their income and 

help close the income gap. Another recommendation would be that agricultural policy initiatives encourage the 

development of cooperative societies, particularly among farmers, as well as the strengthening of existing 

cooperative societies, so that they can become more active and assist the commercial endeavours of members. 

We advocate that farmers create cooperatives because it will allow resource-poor individuals to not only obtain 

loans but also pool their resources and overcome the lack of capital. The implementation of initiatives to educate 

people about nutrition, particularly regarding different food categories and diversifying their eating practices 

among low-income actors, such as farmers, will also be necessary. This will assist actors in changing their daily 

dietary habits to include a wider variety of foods. Also, the government should devote enough time to educating 
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the actors about proper family planning. This will assist in restricting household size to promote a healthy 

lifestyle and all household members' well-being. The policy on food security should also prioritize providing 

the ageing population with the opportunity to develop their human capacity. Human capacity development can 

be achieved by educating farmers about better farm management techniques through adult education programs. 

The study has some shortcomings, and they include the following. First, financial constraints limited us to only 

four (4) States in Nigeria. This calls for sample size expansion by future researchers. Future researchers can look 

at other supply chains or conduct comparative studies on perishable crop supply chains to broaden our 

understanding of the relationship between income share and food security. We also suggest that further studies 

consider rigorous interaction effect analysis for a deeper understanding of the relationship between income 

share and food security.   
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