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Abstract 
Employment along Africa’s agri-food value chains is central to 
economic development and poverty reduction, yet research has 
primarily focused on farm-level production. This study examines 
employment patterns and drivers across two rapidly expanding 
horticultural value chains—tomatoes and green leafy vegetables 
(GLVs)—in two economically and culturally distinct regions of Nigeria. 
Using data from over 4000 micro, small, and medium-sized 
enterprises (MSMEs), we investigate three research questions. the 
extent of employment generation, variation in hiring decisions by 
gender, region and market factors, and the substitutability of casual 
and permanent labor. Findings reveal that both value chains provide 
significant employment, and casual and permanent labor are 
generally substitutes. However, hiring decisions and labor 
substitutability vary by gender, location and market conditions. Policy 
interventions should recognize the opportunities along Nigeria’s 
horticulture value chains and consider gendered constraints, 
enterprise scale, and regional market structures to promote inclusive 
labor systems.
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1. Introduction
Employment in Africa’s agri-food sector remains a cornerstone of economic development and a vital pathway for poverty
reduction.1,2 While there is growing recognition of the importance of off-farm employment—such as input supply, food
processing, and food trade—the academic literature has largely concentrated on farm-level production and labor
productivity. As a result, the role of off-farm activities in supporting access to decent work and full employment
(SDG 8) remains underexplored.3–8 Among the limited studies on off-farm employment, the majority are either
qualitative or narrowly focused on specific value chain nodes. For example,9 examined employment and wage dynamics
among horticulture exporting firms in Senegal, Ghana, and Peru, while10 conducted a qualitative analysis of youth
employment opportunities across various horticultural value chains in Rwanda. However, these studies fall short of
providing empirical insights into the patterns and drivers of employment across the full spectrum of value chain activities.

This study empirically examines employment opportunities and drivers across multiple nodes of two rapidly expanding
horticultural value chains—tomatoes and green leafy vegetables (GLVs)—in two distinct regions of Nigeria: the
economically disadvantaged North and the more affluent South. Specifically, we investigate three research questions.
(1) Towhat extent do the tomato andGLVvalue chains inNigeria generate employment? (2) How does employment vary
by gender of enterprise owner/manager, and by region of the country? (3) What role do market factors—particularly
output and input (labor) prices—play in shaping hiring decisions, and to what extent are casual and permanent labor types
substitutes or complements? We draw on a rich primary dataset comprising over 4,000 micro, small, and medium-sized
enterprises (MSMEs) operating across the tomato and GLV value chains in Nigeria, Africa’s largest tomato producer and
most populous nation. Our sample includes input suppliers, producers, transporters, processors, wholesalers, and
retailers.

Our findings reveal that both value chains are significant sources of employment for Nigerian men and women. Most
farmers hire labor, averaging 144 and 114 man-days per season for tomatoes and GLVs, respectively. Off-farm
enterprises employ an average of 2 permanent staff and 5 casual laborers per month. Hiring decisions vary by gender
and between Nigeria’s northern and southern region. Female tomato plot managers are more likely to hire labor but hire
fewer man-days on average, all else equal. Off the farm, we find that females are less likely to hire labor but their numbers
hired do not significantly differ from numbers hired by males. Both on and off the farm, hiring is typically more in the
relatively poorer northern region compared to the south. We find that casual and permanent labor are generally
complementary, although this relationship varies by value chain node and geographic location.

This paper makes three key contributions to the literature. First, it is the first we are aware of to comprehensively
characterize employment opportunities across six nodes of two distinct horticultural value chains—tomatoes and GLVs
—that are expanding across Africa. Second, it provides novel insights into gendered and regional patterns of entrepre-
neurship and labor hiring across different segments of these value chains. Third, it offers the first empirical analysis of the
interplay between casual and permanent labor in multiple off-farm agri-food value chain employment in developing
regions.

The remainder of the paper is structured as follows: Section 2 reviews the existing literature on agri-food system
employment in developing regions. Section 3 outlines the materials and methods. Section 4 presents the key findings and
discussion, and Section 5 concludes.

2. Employment opportunities beyond the farm
In developing economies, employment in the agri-food system (AFS) is often used synonymously with farm-based
work.11 This explains in part the dominant focus on agricultural production in the employment literature.3–8 However, as
economies evolve, employment opportunities increasingly shift off the farm—though they initially remain within the
broader agri-food system.12,13 The AFS encompasses a wide range of activities, including input supply, food processing,
wholesale, retail, and food services, and can serve as a major source of employment in poor countries.14 Jobs in Africa’s
agri-food system (AFS) are critical for tackling youth unemployment, especially given low interest in farming and limited
adoption of technologies such as automation.15–18 Urbanization and rising incomes have shifted diets toward processed
and nutrient-rich foods,19 spurring growth in value chains for animal-source foods and high-value horticulture.20 With
over 60% of Africa’s population under 25, rural-to-urban migration is accelerating as youth seek work in off-farm AFS
segments such as processing, logistics, and retail.21,22

Though growing, the existing literature on off-farm employment tends to be broad, often failing to distinguish between
value chains or specific segments within them.12,13,23,24 Few studies examine employment and labor demand among
micro, small, and medium-sized enterprises (MSMEs) in domestic African value chains,10,11,19 and none (among the few
that do) provide empirical estimates of the extent and drivers of job creation by value chain segment within specific value
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chains. Thus, this study contributes to this strand of literature by addressing some of these gaps. More specifically, we
examine the extent to which both farm and off-farm activities along rapidly expanding horticultural value chains are
generating employment for Africa’s workforce.

Agricultural wages in developing regions are typically lower than those in other sectors such as manufacturing.25–27

Consequently, farms have been noted to employ women and unskilled labor.28 The development of off-farm nodes—
such as food processing and services—can help narrow these cross-sectoral wage disparities. Yet, there is limited
empirical evidence on wage levels in off-farm segments of the value chain. Recent studies12,13,23 have begun to address
this gap by proposing frameworks for assessing job quality in the AFS globally. Our study contributes to this literature by
analyzing wage variation across on-farm and off-farm employment within the tomato and green leafy vegetable (GLV)
value chains in Nigeria.

Finally, employment in the AFS is often seasonal, which affects the quantity, nature, and quality of jobs available at
different times of the year.29 This seasonality is possible in both farm and off-farm activities. Accordingly, AFS jobs can
be categorized as either permanent or casual. Permanent jobs are typically stable, with defined employment terms and
structured pay. Casual jobs, by contrast, are seasonal andmay vary in availability and remuneration depending on the time
of year. Most existing literature does not provide a detailed characterization of off-farm jobs. To better understand the
AFS’s role in employment generation, it is essential to distinguish between job types and assess whether they function as
substitutes or complements. This study contributes to this literature by examining differences in wages and hiring
decisions for casual versus permanent workers among MSMEs at different segments of food value chains. We analyze
hiring patterns among MSMEs operating at different nodes of the tomato and GLV value chains, investigating variation
by value chain type (high-value tomato vs. lower-value and relatively more perishable GLVs), gender of enterprise
owner, and local context—including agroecological conditions, market dynamics, and cultural norms. Finally, we assess
the heterogeneous influence of market factors on employment decisions, disaggregated by gender, node, and region.
Specifically, we evaluate how output and input (labor) prices shape hiring behavior and whether casual and permanent
labor are substitutes or complements. To our knowledge, this is the first study to empirically examine these relationships
within the employment literature on agri-food systems in developing regions

3. Materials and methods
3.1 Study context
Nigeria, Africa’smost populous country, has experienced rapid growth in its horticulture subsector.30 This expansion has
significant implications for farmers—including women and youth—agrifood entrepreneurs, and consumers. Nigeria is
the fourteenth-largest tomato producer globally and the second in Africa,31 and it grows a wide variety of green leafy
vegetables (GLVs) across all regions.32 Tomatoes and GLVs are central components of a nutritious Nigerian diet.
Although overall vegetable consumption remains below recommended levels, it is growing—particularly in the south,
where per capita tomato consumption (11 kg) exceeds that of the north (7.7 kg).20

This paper leverages on data from two Nigerian states, Kaduna and Oyo. These states were purposively selected for two
main reasons. First, because of their prominent roles in Nigeria’s tomato production.33 Kaduna State, located in the
northwestern region, is a major supplier of tomatoes to markets nationwide, while Oyo State is a leader in regional
production (for the south west) and primarily serves local and neighboring markets. Kaduna and Oyo also represent
contrasting agroecological and market environments. Kaduna lies in the Guinea–Sudan savanna, which is well suited for
vegetable cultivation, while Oyo’s rainforest and derived savanna zones are less so but have seen rapid growth in tomato
production.33,34 Kaduna is a net supplier of tomatoes, with long supply chains reaching southern markets over 600 km
away.32 Oyo, by contrast, is a net consumer, serving shorter regional markets and relying partly on northern supplies.
These structural differences are likely to influence labor demand and employment patterns along horticultural value
chains.

Selecting two states (one in the north and one in the south) is important because the two regions differ in socioeconomic
and cultural characteristics. The north has lower education levels, population density, and higher poverty (around 75%)
compared to about 45% in the south.35,36 Cultural norms vary as well: in many northern states, patrilineal traditions and
Islamic jurisprudence impose stricter gender roles, whereas southern states exhibit more flexible norms that support
women’s participation in trade, civic life, and local governance.37–40

Finally, the study compares tomatoes and GLVs to assess whether employment opportunities and their drivers differ
across crops. Tomato production typically involves longer andmore spatially dispersed supply chains, whereas GLVs are
relatively more perishable, widely cultivated, and characterized by shorter and more numerous production cycles and
shorter market chains.32
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3.2 Sampling and data collection
We leverage on primary data from over 4,000 micro, small and medium scale enterprises from the two study states;
Kaduna and Oyo (Figure 1). Data were collected from MSMES operating along the tomato and GLV value chains-
producers, wholesalers, retailers, transporters, tomato processors and input suppliers.

Tomato and GLV Producers

Tomato producers were selected through a multi-stage process. In each state, the top two Local Government Areas
(LGAs) for tomato production (in terms of volume produced) were identified with the help of a national research institute
called theNational Agricultural Extension andResearch Liaison Services (NAERLS) and local extension agents, verified
by field teams from the Federal Universities in each state. Next, the top twowards (in terms of volume of production)were
identified within each LGA, and then the top two communities within each ward. All households and farms in these
communities were listed. Using a finite population correction for simple random sampling,41,42 we calculated aminimum
sample size of 384, assuming a 95% confidence level, 5% margin of error, and maximum variability (p = 0.5). To allow
for robust comparisons, we targeted 400 tomato farmers per state. From a listing of 2,026 tomato-farming households, all
female-managed and jointly-managed households were included. The remaining sample was randomly selected. Sample
weights were applied to reflect household representation. Since major tomato-producing LGAs in Oyo and Kaduna also
produce green leafy vegetables (GLVs), the GLV sample was drawn from the same household listing. We identified
535 GLV farmers across both states and included the entire population in the sample.

Tomato and GLV Wholesalers

We listed all tomato andGLVwholesalers operating inwholesalemarkets in both states.Wholesalemarkets were defined
as locations with at least two wholesalers trading one of the study commodities. Additional wholesalers were identified

Figure 1. A map of Nigeria showing the study areas.
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through a listing of wholesalers serving farming communities (i.e., farmer referrals collected during the listing of tomato
andGLV farmers) to capture those wholesalers outside formal markets. This process yielded 587GLVwholesalers, all of
whom were included in our sample. For tomato wholesalers, we listed 2,517 in Kaduna and 601 in Oyo. All wholesalers
serving rural communities were included, and additional wholesalers were randomly selected to reach a target of 400 per
state. Sampling weights were calculated to reflect their distribution in the listing.

Tomato and GLV retailers

For selection of tomato (GLV) retailers we first did a listing of all retailers in all wholesale markets for tomatoes andGLV.
We listed a total of 1537 tomato retailers listed in both states; 1145 in Kaduna and 392 in Oyo. From the lists a sample of
500 tomato retailers was randomly selected including 250 males and 250 females. We then listed 558 GLV retailers in
both states and interviewed the universe of GLV retailers in the two states as our sample.

Tomato Processors

All identified tomato processors in both states were included. Initial listings from wholesale markets and processing
clusters were supplemented with data from government agencies, agribusiness associations, and donor projects. A
snowball sampling method was used to identify additional processors, resulting in a total sample of 317 (156 in Oyo,
161 in Kaduna). No GLV processors were identified in the markets nor any GLV processing clusters found.

Input Suppliers

Input suppliers were also identified from wholesale markets and community listings. In Oyo, fewer than 300 unique
suppliers were found, and all were included in the study sample. In Kaduna, a sample of 500 was drawn, including all
female suppliers and a random selection of others to reach a target of 400. Sampling weights were calculated to reflect the
listing distribution.

Transporters

Transporters were also identified from wholesale markets and community listings. All transporters involved in tomato
and GLV logistics were included in the sample. All identified transporters were male.

3.3 Theoretical framework and empirical strategy
Theoretical framework

During the structural transformation, employment within the food system transitions from predominantly on-farm
production to market-oriented non-farm activities, such as agro-processing, food services, and wholesale and retail
trade.23Applying the economic theory of the firm, we explore howmicro, small, andmedium-sized enterprises (MSMEs)
along our study value chains—tomatoes and green leafy vegetables (GLVs)—in Nigeria make decisions regarding
production and resource allocation to maximize their expected profits.43 Tomato and GLV farms are treated as business
enterprises due to the highly commercial nature of tomato and GLV cultivation (90% and 86% of the tomato and GLV
farmers in our sample respectively), in contrast with staple crops, such as maize. We assume that enterprises at various
segments of the two value chains are price takers and that solving their expected profit maximization problems yields
conditional factor demand functions.44

More specifically, we assume that value chainMSMEs use twomain kinds of inputs (labor (l) and capital (k)). Enterprises
face a production function y¼ f l,k,zð Þwhere y is the amount of the goods or services produced from l and k. f l,k,zð Þ is the
production function, k is a vector of capital inputs such as machinery and z is a vector of public factors such as
infrastructure, firm location, access to extension, agroecological conditions and firm enterprise characteristics. w is the
market price of labor and r is the vector of market prices of capital inputs. p is the market price of the firm’s output. We
focus on the short run where z and capital will be fixed (k¼ k,z¼ z) and only labor will vary.

The enterprise manager’s problem then is to maximize profits by choice of l - the amount of labor to be hired. The
enterprise manager in this study refers to the plot managers on the farm, and the owner of the enterprise for off-farm.

max
l

pf l,k,z
� ��wl� rk
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Taking the derivative of the profit function with respect to l and setting it to zero, yields the standard first-order condition

pf l l,k,z
� ��w¼ 0 (1)

From Equation (1),

pf l l,k,z
� �¼w (2)

However, f l l,k,z
� �

is the marginal product of labor (MPl). Therefore, pMPl ¼w, which implies that the value of marginal
product of labor (increment in revenue associated by hiring one more unit of labor) is equal to the cost of hiring an
additional unit of labor. The solution to the profit maximization problem yields the optimal factor demand function for
labor (l∗) for the enterprise that is a function of factor prices, output price, and firm, manager, and location factors,
i.e. l∗ ¼ l∗ p,w,zð Þ.

Empirical strategy

Drawing from the theoretical model, we model the hiring decision of an enterprise using a double hurdle model. First, the
enterprise decides whether to hire labor or not and second; conditional on hiring, they decide how much labor to hire. In
our data, employment is captured differently on and off the farm. For producers, the two hurdles above apply directly.
However, as noted earlier, we further distinguish between casual labor and permanent employees for the off-farm
enterprises. Thus, we model employment for the off-farm enterprise as a triple hurdle problem because, first, they decide
whether to hire labor or not, second, conditional on hiring, they decide whether to hire casual labor or permanent labor or
both, and third, conditional on hiring casual labor, how many casual employees to hire and/or conditional on hiring
permanent labor, how many permanent employees to hire (Figure 2).

For both on and off-farm enterprises, the employment decisions are driven by socio-demographic factors, market factors
and enterpirse/manager characteristics presented earlier (see Figure 2).

To estimate the determinants of employment on the farm, we estimate the double hurdle model as follows. We use the
probit model in the first stage (hiring non-family labor or not) and estimate the Inverse Mills Ratio (IMR) following.45

Figure 2. Key study variables.
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Conditional on hiring, the drivers of the extent of hiring by tomato (GLV) plot managers is estimated using ordinary least
squares which assumes conditionally uncorrelated errors and including IMR as one of the regressors. The null hypothesis
that the first and second stage errors are conditionally uncorrelated is tested using the standard t-statistic for the coefficient
estimate on IMR. If the coefficient estimate is statistically significant, we reject the null hypothesis and themodel must be
re-estimated to conduct valid inference.46 If we fail to reject the null, we re-estimate second stage parameters excluding
IMR.47

Stage 1: Probit

P Yi1 ¼ 1ð Þ¼ β0þβ1Genderþβ2Stateþβ3Priceþβ4wageþβ5Zþ εi (3)

where; Yi1 is the probability of hiring labor, β1�β4 are parameters to be estimated, associated with our key study
variables on gender, location (north vs. south), output price and the price of labor, respectively. Z is a vector of other
enterprise characteristics and β5 is a vector of parameters associated with these enterprise characteristics.

Stage 2: Ordinary Least Squares

Qi ¼ β0þβ1Genderþβ2Stateþβ3Priceþβ4wageþβ5Zþþβ6IMRþ εi (4)

where; Qi is the number of person days hired by the tomato plot or GLV plot managers, Z is a vector of other control
variables and β1�β4 and β5 are as earlier defined. β6 is the coefficient estimate on the IMR.

The off-farm decisions would ideally be modeled using a triple hurdle. However, in our sample, all wholesalers and
retailers who choose to hire some labor always hire casual labor thus we have no variation for considering the decision to
hire casual versus permanent, conditional on hiring. Therefore, we estimate the drivers of hiring labor for the off-farm
node using a modified double hurdle model instead of a triple hurdle model. More specifically, we use a bivariate probit
model for the first stage (to determine if the enterprise hires just casual labor, both casual and permanent labor or if the
enterprise does not hire at all) and estimate the IMR. Then, conditional on hiring casual or permanent labor, we estimate
the intensity of hiring using a Poisson regression model in the second stage with IMR as a regressor. Where IMR is not
significant, we estimate the model without it. A Poisson model is preferred in the second stage since the dependent
variable (number of casual employees or permanent employees) is count data.48

Probit model

P Yis1 ¼ 1ð Þ¼ β0þβ1Genderþβ2Stateþβ3Priceþβ4Casual wageþβ5Permanent wageþβ6Zþ εi (5)

where; Yis1 is the probability of hiring labor by enterprise manager i, at off-farm value chain node s, β1�β5 are the
parameters associated with our key study variables (and hypothesis) noted above and β6 is a vector of parameters
associated with our vector of other firm characteristics Z:

Stage 1: Bivariate probit

P Pis1 ¼ 1ð Þ¼ β0þβ1Genderþβ2Stateþβ3Priceþβ4Casual wageþβ5Permanent wageþβ6Zþ εi (6)

P Cis1 ¼ 1ð Þ¼ β0þβ1Genderþβ2Stateþβ3Priceþβ4Casual wageþβ5Permanent wageþβ6Zþ εi (7)

where; Pi1 is the probability of hiring permanent labor by enterprise manager i, at off-farm value chain node s, Ci1 is the
probability of hiring casual labor by enterprise manager i, at off-farm value chain node s, Z is a vector of other control
variables.

Stage 2: Poisson model

Qisp ¼ β0þβ1Genderþβ2Stateþβ3Priceþβ4wageþβ5Zþþβ6IMRpþ εi (8)

Qisc ¼ β0þβ1Genderþβ2Stateþβ3Priceþβ4wageþβ5Zþþβ6IMRcþ εi (9)

where;Qisp is the number of permanent employees hired by enterprise manager i at off-farm value chain node s,Qisc is the
number of casual employees hired by enterprise manager i at off-farm value chain node s, Z is a vector of other control
variables and IMR is the inverse mills ratio a.
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3.4 Study hypotheses and measurement of key variables
Drawing from the theoretical framework above, this study focuses on two key employment metrics among value chain
actors: (1) the decision to hire labor, captured as a binary variable (1 if labor is hired, 0 otherwise), and (2) the extent of
hiring, measured by person-days per hectare for producers and number of employees for off-farm enterprises. For off-
farm nodes, we further distinguish between casual labor (task-based) and permanent employees (regular hours and fixed
monthly salary, with or without benefits).

We explore three key hypotheses around employment along the two study value chains.

Gender and hired labor: We assess whether the gender of the enterprise owner influences labor hiring decisions and
intensity. Our key explanatory variable here is the gender of the enterprise owner. Prior literature suggests existence of
performance gaps such as employment growth differences between men and women entrepreneurs,49,50 as a result
women entrepreneurs are less likely to hire external labor for their businesses, relying more on self or family labor.
Women entrepreneurs mitigate the work-family conflict through role-sharing49 by delegating business and some family
roles such as child care to relatives. Women entrepreneurs also mitigate the work-family conflict by setting up their
businesses at home or very close to home.50

Regional Employment Differences: We test for employment variation between Kaduna and Oyo. Contrary to
expectations that employment opportunities are more prevalent in the relatively more affluent South, recent data show
lower unemployment in theNorth (4.3%) compared to the South (6.6%).51We investigate whether this trend holds within
the tomato and GLV value chains and across different segments, using a state dummy variable (1 for Kaduna, 0 for Oyo).

Market Incentives: We explore how labor wages and product prices affect employment decisions. To address
endogeneity concerns with self-reported data, we use average wage rates and prices at the Local Government Area
(LGA) level.We distinguish between casual and permanent employees in this paper. Additional controls include firm and
owner characteristics, summarized in Table 1.

Our analysis relies on cross-sectional data. While we control for a rich set of explanatory variables to reduce the risk of
omitted variable bias, we cannot rule out the presence of unobserved factors that may be correlatedwith some explanatory
variables (e.g., enterprise scale, specialization, and commercialization decisions). Therefore, we do not interpret our
findings as causal estimates. Instead, we view them as informative associations that provide insights on key correlates of
hiring decisions.

Table 1. Key explanatory variables.

Variable Description Type of
variable

Expected
sign

Age Age of the tomato and GLV enterprise manager,
measured in complete years

Continuous +

Education Level of education achieved by the tomato and GLV
enterprise manager. Enterprise managers that attained
at least secondary education were compared to those
who did not attain secondary education

Dummy +/-

Diversification Diversification was measured as the extent to which
tomato and GLV enterprise managers are engaged in
other businesses

Dummy +/-

Business
experience
(Business exp)

Number of years tomato and GLV enterprise managers
have been operating the tomato (GLV) businesses

Continuous +/-

Size of the
enterprise (Biz size/
plot size)

Plot size was measured in hectares for tomato (GLV)
producer enterprises. For off-farm enterprises, scale was
measured as volume (tons) handled in the last season

Continuous +

Membership in an
association

Whether a tomato (GLV) manager belongs to a trade/
business association

Dummy +/-

Commercialization
rate

What proportion of the total output is sold by tomato
(GLV) plot managers (only for the farm node)

Proportion +

Mechanization Whether plot managers used any form of mechanization
on the tomato (GLV) plots (only for the farm node)

Dummy -
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4. Results and discussion
4.1 Who is engaged in the tomato and GLV value chains?
Figures 3-5 characterize the study sample in terms of who is employed in the GLV value chain (enterprise managers) and
the extent to which they are hiring labor. Four key points stand out.

First, there are significant gender differences among enterprise owners across our study states and value chains. Both
value chains are significantly male-dominated in Kaduna; with over 90% of enterprise owners being male. The only

Figure 3. Gender (male) of enterprise managers by state and value chain.

Figure 4. Extent of hiring casual labor by enterprises that hire any labor.
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segments where female engagement (as an entrepreneur) is significant is at the retail segment where females account for
between 25% and 35% of enterprise owners. In contrast, females are highly engaged at all segments of the value chain in
Oyo state and dominate as enterprise owners in tomato processing, wholesale and retail (Figure 3). In Oyo, even for the
male dominated segments (input supply and production), >30% of enterprise owners are female. One exception is
transportation with 100% of enterprise owners being men. Our results are similar to52 who found that 92% of the
vegetables retailers in their study in Papua New Guinea were women but with no women participating in the
transportation business and53 who found that tomato production in kenya is male dominated.

Our second key finding from the descriptive analysis is that the tomato (GLV) value chains do not only provide
employment for enterprise managers but provide employment for others they hire. This finding cuts across the two study
states and value chains. On the farm, 70% of GLV producers hire some non-family labor (85% for Tomatoes). Off-farm,
this varies from 70-90% in Oyo compared to 70-80% in Kaduna for GLV and Tomatoes, respectively. Off the farm, apart
from retailers in Oyo, there is non-trivial level of hiring across all nodes (25% -90%) (Table 2). A higher share of
enterprises in Kaduna hire compared to Oyo (except at the transporter and the GLV farm nodes). Most hiring is done at
production and tomato wholesale nodes. Conditional on hiring we see that enterprises that hire casual workers hire about
5 casual workers a month while those who hire permanent workers tend to employ 3 permanent employees on average.

Third, hiring off the farm varies significantly across study states and nodes. Conditional on hiring, GLV plot managers
hire 114 person days per ha compared to 144 person days per ha for tomatoes. Our results are consistent with,3 who
recorded an average of 121 labor days of hired labor for tomato farms in Oyo State in Nigeria. GLV plot managers in
Kaduna state hire significantly more person days per ha compared to those in Oyo state. However, there is no significant
difference in the number of person days hired by tomato plot managers between states. Off the farm, a larger share of
enterprises in Oyo hire casual labor, while a larger share of enterprises in Kaduna hire permanent labor (Figures 4 and 5).
However, conditional on hiring, the average number of permanent employees are higher in Oyo compared to Kaduna.
(Table 2). Higher numbers of permanent employees in Oyo is noted among input suppliers, transporters, and GLV
retailers. On average, retailers who hire any labor tend to hire casual labor, while wholesalers who hire any labor mostly
hire permanent labor. While the average number of casual employees is similar across most nodes (5 per month), the
number of permanent employees varies significantly across states with Oyo hiring more permanent employees (3 in Oyo
Vs. 2 in Kaduna at the input supply node, 2 in Oyo Vs. 1 in Kaduna at the transport node and 4 in Oyo Vs. 2 in Kaduna at
the GLV retail node).

In terms of quality of the jobs (remuneration), we find that permanent jobs generally offer remuneration comparable to
rates paid for semi-skilled labor in more formal employment in the study states. However, remuneration for casual
workers is quite low. It is important to note that the wages for casual workers are the reported amounts paid by enterprise
managers in our sample but do not mean they are the only source of wages for the hired employee. Casual workers may

Figure 5. Extent of hiring permanent labor by enterprises that hire any labor.
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work for multiple employers concurrently. Remuneration varies significantly across the two value chains and between
states, as shown in Table 3. Casual labor wages differ by state at nearly every node, except for input suppliers and
wholesalers (for both tomato and GLV). In off-farm roles, Kaduna pays more than Oyo, whereas on-farm jobs in Oyo
offer higher wages than those in Kaduna. This disparity may explain why more off-farm enterprise owners in Oyo hire
casual labor.

Farm level jobs offer wages to casual workers that appear somewhat higher than those for casual workers at the wholesale
and retail nodes—2,070Naira/day for GLVplots and 2,680Naira/day for tomato plots (slightlymore than oneUS dollar).
This might be because of the difference in the nature of tasks and the fact that daily workers in markets might be able to
engage inmultiple jobs each daywhile thismight be less likely for the farmworkers. In contrast, more skilled casual roles,
such as those at tomato processors, transporters, and input suppliers, offer relatively better wages on average. Permanent
labor wages also show significant differences between states across most nodes, except for the GLV wholesaler and
retailer. Overall, Oyo state offers higher wages than Kaduna, which may explain the greater reliance on permanent labor
in Kaduna. Monthly wages for permanent employees range from 38,000 to 115,000 Naira, comparable to monthly
earnings of teachers and shop attendants in Nigeria at the time of the survey[1].

Table 4 and 5 present the descriptive statistics about our study sample. Overall, for all our control variables, there are
significant differences between states. Enterprise managers in Oyo are significantly older and more experienced than
those in Kaduna. Except for tomato wholesalers, enterprise managers in Kaduna are significantly more diversified than
those in Oyo while the enterprise managers in Oyo are more educated than those in Kaduna. Plot sizes in Oyo are bigger
than those in Kaduna overall. Except the transport node, enterprise managers in Kaduna handle larger volumes per month
compared to those in Oyo. As expected, product prices are lower at the farm node and increase relatively as you move
higher in the value chain to reflect costs associated with value addition and transaction costs. Output Prices are also
consistently higher in Oyo compared to Kaduna, likely in part due to Kaduna being a dominant supplier of horticultural
products compared to Oyo.

Table 5 summarizes additional control variables that are more specific to the farm. There is a significant level of
engagement of family members in farm level business. GLV producers in Oyo use more family members (10 Vs. 7 in
Kaduna), in contrast, tomato producers in Kaduna use more family members than Oyo. Plot managers in Oyo are more
involved in associations and use some level ofmechanizationmore than those inKaduna. However, plotmanagers in both
value chains are highly commercialized-over 80%. In Kaduna, tomato plot managers are more commercialized while in
Oyo, GLV plot managers are more commercialized.

4.2 Drivers of employment on the farm
Table 6 presents the results for the double hurdle estimations on farm. Four key findings emerge.

First, we do not find strong evidence that female plot managers are unable or unwilling to hire labor. On the contrary, we
find that where significant, female plot managers are more likely to hire labor compared to their male counterparts. More
specifically, gender has no significant effect on hiring decisions on the extensive margin among GLV farmers. However,
for tomato plots, being a female is associated with a 12 Percentage point higher probability of hiring labor, all else equal
and these results are statistically significant at 1% (Table 6). Interestingly, conditional on hiring, female plot managers
tend to hire significantly less (by 22 man-days). On one hand, these results might reflect that women’s decisions to hire
labor are still influenced by socio-cultural dynamics, where the household head (in most cases the men) has more
decision-making power in terms of resource use.54,55 On the other hand, this might also reflect women’s higher
engagement in their farms and less need for labor. We find that female plot managers in our sample managers are more
engaged on their plots spending up to 11 months on tomato plots and 10months on GLV plots per year compared to their
male counterparts who spend an average of 9 and 8 months on their tomato and GLV plots, respectively. Together, our
results imply that female farmers in the tomato andGLVvalue chain inNigeria are not unable or unwilling to hire in labor,
but might face constraints or different labor needs compared to their male counterparts and this is worthy of further
consideration. Our finding of lower hiring on the intensive margin is consistent with the literature that notes that female
entrepreneurs hire less than male entrepreneurs and that female entrepreneurs prefer working from home or close to
home.49,50

[1]These comparisons are based on anecdotal evidence from a post field work survey carried out in the study states by teams of enumerators in
the study states who were deliberately asked to visit 5 primary schools and 5 small food retail shops in the capital cities of Ibadan (Oyo) and
Kaduna City (Kaduna) between June and July 2025.
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Table 5. Other control variables for the farm node.

GLV producer Tomato producer

Number of household members engaged: Oyo 10 (11) 6 (7)

Number of household members engaged: Kaduna 7 (7) 7 (8)

t-test *** **

Membership in an association: Oyo 0.5 (0.5) 0.5 (0.5)

Membership in association: Kaduna 0.2 (0.4) 0.2 (0.4)

t-test *** ***

Commercialization rate (%): Oyo 86.9 (24.2) 89.0 (23.7)

Commercialization rate (%): Kaduna 85.4 (28.2) 92.5 (16.0)

t-test ***

Farmer used mechanization (Yes): Oyo 0.1 (0.3) 0.1 (0.4)

Farmer used mechanization (Yes): Kaduna 0.0 (0.1) 0.0 (0.0)

t-test *** ***

Note: Authors calculations. Standard deviations in parentheses.
***p < 0.01,
**p < 0.05,
*p < 0.1.

Table 6. Double-Hurdle estimates for the factors associated with hiring on the farm.

Stage 1 (Decision to hire) Stage 2 (Person days hired)

Tomatoes GLVs Tomato GLV

Female 0.120*** -0.055 -22.21*** -3.627

(0.0217) (0.101) (6.308) (10.42)

Age 0.003*** -0.003* -0.239 -0.567*

(0.001) (0.002) (0.178) (0.339)

Education 0.026 -0.036 6.540 -9.301*

(0.021) (0.043) (5.842) (5.574)

Diversification -0.018 0.026 -10.67* -1.109

(0.021) (0.042) (5.756) (5.461)

Farming experience 0.002 0.004 0.849*** 1.996**

(0.001) (0.003) (0.302) (0.777)

Farm size 0.027*** 0.042* 27.28*** 31.27***

(0.009) (0.024) (3.894) (6.467)

Family engagement -0.006*** -0.015*** -0.909** -4.354***

(0.002) (0.002) (0.444) (1.409)

Oyo state 0.159 -0.357 -21.04 -11.42

(0.225) (0.627) (55.49) (114.9)

Wage -0.105 0.218 26.48 16.00

(0.134) (0.256) (34.60) (51.59)

ROSCA member 0.096*** 0.037 - -

(0.020) (0.047)

Output price -0.071 0.0367 15.45 -11.99

(0.089) (0.263) (22.56) (33.71)
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With regards to our second hypothesis (i.e. the state where farms are located), we find that the location of the plot manager
does not matter for the decision to hire labor and the amount of labor hired by tomato and GLV plot managers. Our third
hypothesis relates to market conditions.We find that wages and output prices have no significant effect on the decision to
hire labor or the amount of labor hired. The limited impact of location andmarket factors on labor hiring decisions reflects
the high labor demand for tomato and GLV production (hiring rates in our sample are high ranging between 70% and
90%) and contrasts with views that African farmers tend to depend on family labor and do not hire.

Fourth, we find that farm and plot manager characteristics significantly influence labor hiring decisions. All else equal,
larger farms are more likely to hire labor, with each additional hectare associated with a 3 and 4-percentage point higher
probability of hiring in tomato and GLV farms respectively. Farm size is also positively and significantly associated with
the number ofman-days hired for both tomatoes andGLVs. Specifically, each additional hectare is associatedwith 27 and
31 more man-days hired in on tomato and GLV plots, respectively. These findings align with,56 who observed higher
labor hiring on larger Nigerian farms, though they noted lower productivity due to supervision costs. In contrast,3

reported a negative correlation between farm size and job quantity among tomato farmers in Oyo State.

As expected, more family members engaged on the household tomato andGLV farm reduces the need for hired labor. An
additional family member engaged in farming is associated with a 1 and 2-percentage-point lower probability of hiring
external labor for tomatoes and GLVs, respectively. For those who do hire, each additional family member is associated
with 1 and 4 fewer man-days hired in on tomato and GLV plots, respectively. Despite larger farm sizes, family labor
remains a preferred source due to lower supervision costs.57

Mechanization and commercialization also influence labor demand. Plot managers using mechanized tools are more
likely to hire labor for both crops and conditional on hiring, mechanization is associated with higher labor use on GLV
plots. These findings are likely due to the widespread use of hand sprayers in our sample (for the production of
horticultural products) which require manual operation. Similarly, highly commercialized GLV plot managers hire more
labor, likely reflecting the crop’s labor-intensive harvesting process to get the highly perishable product to the market in
as fresh a condition as possible in continuous but relatively smaller quantities. The average number of harvests for GLV in
our sample is 3.

4.3 Drivers of hiring off-farm along the tomato and GLV value chains
Table 7 presents themarginal effects from the probit estimations of the drivers of the decision to hire off- farm.We present
the key results in line with our three key study hypotheses. First, where significant, female enterprise managers are

Table 6. Continued

Stage 1 (Decision to hire) Stage 2 (Person days hired)

Tomatoes GLVs Tomato GLV

Distance to market -0.0001 -5.32e-05 -0.001 -0.011***

(0.0002) (0.0001) (0.004) (0.002)

Use mechanization 0.129*** 0.226*** 7.322 27.97**

(0.023) (0.070) (11.46) (13.90)

Commercialization 0.0005 0.001 -0.163 0.318***

(0.0005) (0.001) (0.142) (0.098)

Production cycles -0.0204 -0.022 0.214 -2.985

(0.019) (0.027) (6.204) (3.057)

IMR - - - 95.98**

(47.45)

Constant - - -0.179 -32.88

(70.83) (113.9)

Observations 1,279 507 1,061 352

R-squared 0.342 0.308

Note: Robust standard errors in parentheses.
***p < 0.01,
**p < 0.05,
*p < 0.
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significantly less likely to hire labor. More specifically, female managers’ hiring is significantly less likely at the input
supplier, tomato processor, and GLV/tomato wholesaler nodes. This trend is likely due to their greater personal
involvement in enterprise activities (as noted on the farm aswell), which reduces the need for external labor. Additionally,
cultural constraints—such as limited access to financial resources or spousal/family/community support—might also
inhibit women’s ability to hire. Interestingly, gender does not appear to influence hiring decisions at the retail nodes for
tomatoes and GLVs, which we noted earlier was largely for casual workers.

Second, contrary to our expectation, but consistent with the results from the National Bureau of Statistics, off-farm hiring
of labor is more common in Kaduna than Oyo. This is the case for all nodes except tomato processors and transporters.
Third, output prices influence labor hiring decisions differently across value chain nodes. GLV retailers tend to hire more
labor when GLV prices rise, likely due to increased demand and the labor-intensive nature of GLV handling. In contrast,

Table 7. Probit models for determinants of labor hiring across the off-fam nodes (marginal effects).

Decision to hire Transporter Input
supplier

Tomato
processor

GLV
retailer

Tomato
retailer

GLV WS Tomato
WS

Female (1/0) -0.242*** -0.280*** -0.082 -0.0722 -0.231*** -0.132***

(0.048) (0.076) (0.055) (0.0507) (0.052) (0.051)

Age (in years) 0.004 0.002 0.003 0.002 -0.002 -0.003 -0.0005

(0.003) (0.002) (0.003) (0.003) (0.003) (0.003) (0.002)

Formal education
(1/0)

0.007 0.100** 0.086 0.024 -0.043 0.086* 0.043

(0.049) (0.049) (0.067) (0.050) (0.046) (0.046) (0.040)

Diversification (1/0) 0.034 0.008 0.106 0.006 0.036 0.071 0.061

(0.051) (0.047) (0.086) (0.048) (0.044) (0.046) (0.042)

Oyo state (1/0) -0.062 -0.177*** 0.124 -0.408*** -0.310*** -0.196*** -0.127**

(0.065) (0.054) (0.114) (0.039) (0.047) (0.054) (0.051)

Business experience
(years)

0.011*** -0.0004 -0.0004 -0.003 -0.002 0.002 -0.002

(0.003) (0.001) (0.004) (0.003) (0.003) (0.003) (0.003)

Scale (tons) 0.002*** 0.0002* -0.004*** 0.005 0.006*** 0.0004 0.001***

(0.0004) (9.89e-
05)

(0.001) (0.004) (0.002) (0.001) (0.0001)

Permanent wage
(‘000 N)

-0.002*** -0.001 -0.001 -0.006*** -0.005*** -0.0005 -0.001

(0.001) (0.001) (0.003) (0.001) (0.002) (0.001) (0.001)

Casual wage (‘000 N) 0.004 -0.032* 0.005 -0.168 -0.029 0.161 0.202*

(0.007) (0.019) (0.014) (0.134) (0.135) (0.114) (0.118)

Price (N/Kg) -0.002 -0.116 0.396*** 0.080 0.008 -0.288**

(0.006) (0.072) (0.083) (0.087) (0.112) (0.131)

Peri urban 0.143** -0.070 -0.310*** 0.194*** 0.019 0.246*** 0.238***

(0.068) (0.054) (0.096) (0.069) (0.069) (0.062) (0.049)

Rural 0.212*** -0.019 -0.272** -0.085* -0.056 -0.001 -0.021

(0.056) (0.059) (0.135) (0.051) (0.058) (0.055) (0.055)

Union member (1/0) 0.049 0.065 0.080* -0.063

(0.052) (0.050) (0.047) (0.041)

Observations 515 625 313 542 500 579 803

Robust standard errors in parentheses.
***p < 0.01,
**p < 0.05,
*p < 0.
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higher tomato prices are associated with a lower probability of hiring, possibly reflecting trade-offs between different
kinds of labor (casual and permanent) masked in an analysis of hiring at the extensivemargin. For other nodes in the value
chain, output prices do not significantly impact hiring decisions. Prices for both GLVs and tomatoes are seasonal and
volatile, with higher prices during the low season but significant fluctuation within the season as well.58 Managers may
not be able to wait to observe output prices before making labor decisions.

Finally, several enterprise-level factors affect the decision to hire. Higher formal education is positively associated with
hiring for input suppliers and GLV wholesalers. Managerial experience enhances hiring likelihood for transporters and
has no significant effect at other nodes. Larger business size correlates with increased labor hiring among transporters,
input suppliers, tomato retailers and tomato wholesalers, but negatively influences hiring for tomato processors.
Enterprises in peri-urban or rural areas are more likely to hire labor at the transporter, GLV retailer and wholesaler
nodes, while tomato processors in peri-urban and rural areas are less likely to hire compared to those in urban settings.
This might reflect the higher needs for labor among transport and wholesale enterprises who, though located in rural or
peri-urban areas require significant engagementwith urbanmarkets. For tomato processorswho are likely to dependmore
on infrastructure, being in urban areas is likely to support higher processing capacity and labor need.

4.4 Factors influencing casual vs. permanent labor hiring
Beyond the decision to hire any labor, we also explore the extent to which casual labor and permanent labor are
complements or substitutes for enterprises at off-farm segments of the tomato andGLVvalue chains. As noted in Table 3,
the remuneration for permanent workers in our sample was above the minimum wage for the period our data was
collected, while casual wages were lower and often quite low. Tables 8 and 9 present the results of the bivariate probit
models showing the motivation of the decision to hire casual or permanent labor (and the first stage of a double hurdle
model), while Tables 10 and 11 present the results for the Poisson models showing the drivers of the number of casual or
permanent labor, conditional on hiring off the farm (the second stage of the double hurdle model).

With regards to gender, we find that female enterprise managers along the tomato value chain are generally less likely to
hire both casual and permanent labor compared to their male counterparts (Tables 8 and 9). This disparity is likely due in
part to women’s higher levels of time investment in their enterprises (as noted earlier) but is also probably influenced by
cultural norms that limit women’s access to resources. However, we find that this gender-based difference is not observed
at the GLV retail nodes, where hiring decisions appear unaffected by the manager’s gender and for which we have much
larger female representation. At the intensive margin, we find that conditional on hiring, the numbers hired do not
significantly differ between men and women across most nodes off-farm (Tables 10 and 11) and where significant,
women are expected to hire more labor than men. The two exceptions are among tomato wholesalers and input suppliers.
For tomato wholesalers, a female manager is associated with a 30% lower rate of hiring permanent labor compared to her
male counterparts. Similarly, female input suppliers are associated with 60% fewer permanent employees compared to
male input suppliers.

We find significant variation in hiring across the two study states.Managers in Oyo State are less likely to hire both casual
and permanent labor at the tomato and GLVwholesale and retail nodes compared to those in Kaduna State. Additionally,
transporters and input suppliers in Oyo are less inclined to hire permanent employees and casual labor, respectively,
compared to their counterparts in Kaduna. However, conditional on hiring permanent and casual employees, managers in
Oyo State tend to hire more employees than those in Kaduna State. For being a tomato wholesaler in Oyo is associated
with hiring 27%more casual staff compared to Kaduna. The disparity is even more pronounced amongGLVwholesalers
and transporters who are associated with 8 times and 48%more permanent employees compared to those in Kaduna. The
only exception is for casual labor hired by input suppliers that is lower in Oyo. These regional differences are similar to
our findings on the farm (where farmers in Oyo hired more man-days on their tomato plots) and confirm that local
economic conditions, labor availability, and possibly cultural or policy factors influence hiring decisions.

Related to market conditions, we find that labor hiring decisions are sensitive to changes in market prices, particularly
wages and product prices. An increase in permanent labor wages leads to a decreased likelihood of hiring both permanent
and casual labor among tomato andGLV retailers, indicating that these labor typesmay be complementary at these nodes.
However, in terms of numbers hired, for example, Table 10 indicates that wages do not affect the numbers hired at tomato
andGLV retail nodes, while a 1,000Naira increase in casual wages prompts GLVwholesalers to hire 43% less permanent
employees, suggesting that permanent and casual labor are complements at the wholesale node. Therefore, the
relationship between permanent and casual labor is complementary at the retail and wholesale nodes. Table 9 further
indicates that higher permanent wages reduce the likelihood of casual labor hiring among transporters, suggesting a
complementary relationship between permanent and casual labor. Conditional on hiring, when the permanent wage
increases by 1,000 Naira, transporters are expected to reduce both the number of permanent and casual workers hired by

Page 19 of 26

VeriXiv 2026, 3:17 Last updated: 20 MAR 2026



Ta
b
le

8.
B
iv
a
ri
a
te

m
o
d
el
s
fo
r
th

e
d
et

er
m
in
a
n
ts

o
f
h
ir
in
g
ca

su
a
lo

r
p
er

m
a
n
en

t
la
b
o
r
a
t
tr
a
d
er

n
o
d
es

(m
a
rg

in
a
le

ff
ec

ts
).

D
e
ci
si
o
n
to

h
ir
e
p
e
rm

a
n
e
n
t/

ca
su

a
ll
a
b
o
r

G
LV

R
et

p
er

m
a
n
en

t
G
LV

R
et

ca
su

a
l

To
m
a
to

R
et

p
er

m
a
n
en

t
To

m
a
to

R
et

ca
su

a
l

G
LV

W
S

p
er

m
a
n
en

t
G
LV

W
S

ca
su

a
l

To
m
a
to

W
S

p
er

m
a
n
en

t
To

m
a
to

W
S

ca
su

a
l

Fe
m
al
e
(1
/0
)

-0
.1
64

**
*

-0
.0
62

-0
.1
25

**
*

-0
.0
87

**
-0
.2
11

**
*

-0
.2
17

**
*

-0
.1
00

**
-0
.1
16

**
*

(0
.0
24

)
(0
.0
41

)
(0
.0
30

)
(0
.0
40

)
(0
.0
42

)
(0
.0
51

)
(0
.0
46

)
(0
.0
44

)

Fo
rm

al
ed

u
ca

ti
o
n
(1
/0
)

0.
01

9
0.
01

1
0.
01

5
-0
.0
34

0.
01

1
0.
07

0*
0.
06

8*
*

0.
05

6*

(0
.0
26

)
(0
.0
38

)
(0
.0
29

)
(0
.0
35

)
(0
.0
36

)
(0
.0
37

)
(0
.0
28

)
(0
.0
30

)

D
iv
er
si
fi
ca

ti
o
n
(1
/0
)

0.
06

5*
*

0.
00

7
-0
.0
08

0.
03

6
0.
01

2
0.
06

5*
-0
.0
21

0.
05

7

(0
.0
28

)
(0
.0
38

)
(0
.0
26

)
(0
.0
32

)
(0
.0
40

)
(0
.0
39

)
(0
.0
35

)
(0
.0
37

)

O
yo

st
at
e
(1
/0
)

-0
.1
48

**
*

-0
.3
86

**
*

-0
.1
63

**
*

-0
.2
88

**
*

-0
.0
91

**
-0
.1
73

**
*

-0
.2
14

**
*

-0
.1
22

**

(0
.0
19

)
(0
.0
46

)
(0
.0
31

)
(0
.0
47

)
(0
.0
45

)
(0
.0
52

)
(0
.0
51

)
(0
.0
48

)

B
u
si
n
es

s
ex

p
er
ie
n
ce

(y
ea

rs
)

0.
00

5*
**

-0
.0
01

0.
00

4*
**

-0
.0
03

*
0.
00

2
0.
00

04
0.
00

2
-0
.0
02

(0
.0
01

)
(0
.0
02

)
(0
.0
01

)
(0
.0
02

)
(0
.0
02

)
(0
.0
02

)
(0
.0
02

)
(0
.0
02

)

Sc
al
e
(t
o
n
s)

0.
00

5*
*

0.
00

4
0.
00

2*
**

0.
00

5*
**

0.
00

1
0.
00

03
0.
00

1*
**

0.
00

1*
**

(0
.0
02

)
(0
.0
03

)
(0
.0
01

)
(0
.0
01

)
(0
.0
00

4)
(0
.0
01

)
(0
.0
00

1)
(0
.0
00

1)

P
er
m
an

en
t
w
ag

e
(‘0

00
N
)

-0
.0
04

**
*

-0
.0
05

**
*

-0
.0
02

**
*

-0
.0
04

**
*

-0
.0
00

2
-0
.0
01

-0
.0
00

1
-0
.0
00

4

(0
.0
01

)
(0
.0
01

)
(0
.0
01

)
(0
.0
01

)
(0
.0
00

5)
(0
.0
01

)
(0
.0
00

5)
(0
.0
00

5)

C
as

u
al

w
ag

e
(‘0

00
N
)

-0
.0
99

-0
.1
25

0.
07

2
-0
.0
35

0.
06

7
0.
11

5
-0
.0
06

0.
14

9

(0
.0
66

)
(0
.1
42

)
(0
.1
28

)
(0
.1
21

)
(0
.0
96

)
(0
.0
86

)
(0
.1
19

)
(0
.0
97

)

U
n
io
n
m
em

b
er

(1
/0
)

0.
01

5
0.
04

4
0.
02

6
0.
05

9
0.
05

7
0.
03

5
-0
.0
48

(0
.0
29

)
(0
.0
37

)
(0
.0
29

)
(0
.0
38

)
(0
.0
40

)
(0
.0
35

)
(0
.0
35

)

P
ri
ce

(N
/K
g
)

0.
15

1*
**

0.
32

5*
**

0.
01

9
0.
06

9
0.
05

1
0.
01

2
-0
.1
01

-0
.2
2*

(0
.0
48

)
(0
.0
64

)
(0
.0
54

)
(0
.0
73

)
(0
.0
91

)
(0
.0
93

)
(0
.1
11

)
(0
.1
15

)

P
er
iu

rb
an

-0
.0
05

0.
14

3*
*

0.
00

7
0.
02

2
0.
08

6*
0.
21

0*
**

0.
02

9
0.
18

9*
**

(0
.0
38

)
(0
.0
56

)
(0
.0
33

)
(0
.0
42

)
(0
.0
50

)
(0
.0
55

)
(0
.0
40

)
(0
.0
45

)

R
u
ra
l

-0
.0
97

**
*

-0
.0
67

*
-0
.0
14

-0
.0
35

-0
.0
27

-0
.0
11

-0
.0
57

-0
.0
27

(0
.0
26

)
(0
.0
38

)
(0
.0
36

)
(0
.0
49

)
(0
.0
49

)
(0
.0
49

)
(0
.0
51

)
(0
.0
53

)

O
b
se

rv
at
io
n
s

54
2

54
2

50
0

50
0

57
9

57
9

80
3

80
3

N
o
te
:R

o
b
u
st

st
an

d
ar
d
er
ro

rs
in

p
ar
en

th
es

es
.

**
*p

<
0.
01

,
**

p
<
0.
05

,
*p

<
0.

Page 20 of 26

VeriXiv 2026, 3:17 Last updated: 20 MAR 2026



1% also suggesting a complementary relationship. Therefore, it is evident from our results that permanent and casual
labor types are complementary at the transport node. This is likely because, in addition to permanent labor, casual workers
are needed to help in loading and offloading the trucks among other jobs. Conversely, casual labor wages generally do not
affect, hiring decisions, except among tomato processors, where higher casual wages increase the likelihood of hiring
permanent labor—suggesting a substitution effect. Conditional on hiring, the wage paid to casual workers significantly
affects the number of employees hired by tomato processors and input suppliers. When the casual wage increases by
1,000 Naira, tomato processors are expected to increase the number of permanent employees hired by 3%, while input
suppliers are expected to increase the number of permanent employees hired by 10%. These results confirm that
permanent and casual labor are substitutes at the tomato processor and input supplier nodes. As casual labor becomes
expensive, input suppliers and tomato processors may prefer to have a few permanent workers who can also do the petty
jobs that casual workers would have done. In sum, our results suggest that the relationship between permanent labor and
casual varies by node. We observe a complementary relationship at the retailers, GLV wholesalers, and transport node
while a substitution effect is observed at the tomato processor and the input supplier nodes.

Table 9. Bivariate models for the determinants of hiring casual or permanent labor at transporter, input
supplier and tomato processor nodes (marginal effects).

Decision to hired
permanent/casual
labor

Transporter
permanent

Transporter
casual

Input
Supplier
permanent

Input
Supplier
casual

Tomato
Processor
permanent

Tomato
processor
casual

Female (1/0) -0.095*** -0.205*** -0.101*** -0.179**

(0.027) (0.044) (0.033) (0.074)

Age (in years) 0.003 0.003 -0.0003 0.002 -0.0003 0.002

(0.002) (0.003) (0.001) (0.002) (0.002) (0.003)

Formal education (1/0) 0.036 -0.010 0.047 0.077* 0.028 0.051

(0.029) (0.040) (0.030) (0.040) (0.034) (0.060)

Diversification (1/0) 0.006 0.037 0.024 -0.006 0.043 0.042

(0.030) (0.043) (0.028) (0.041) (0.046) (0.076)

Oyo state (1/0) -0.163*** 0.062 0.004 -0.230*** 0.028 0.098

(0.040) (0.056) (0.039) (0.044) (0.061) (0.093)

Business experience
(years)

0.003* 0.008*** -0.003 -0.0004*** -0.002 0.003

(0.002) (0.002) (0.002) (0.0001) (0.002) (0.004)

Scale (tons) 0.0004** 0.001*** 0.0001 0.0001* 0.0002 -0.003***

(0.0002) (0.0003) (0.0001) (0.0001) (0.0005) (0.001)

Permanentwage (‘000N) -0.0002 -0.002*** -0.001 -0.001 -0.002 -0.001

(0.0004) (0.001) (0.001) (0.001) (0.002) (0.003)

Casual wage (‘000 N) -0.002 0.002 -0.007 -0.019 0.016** 0.007

(0.004) (0.007) (0.013) (0.018) (0.007) (0.008)

Price (N/Kg) -0.002 -0.0002 0.054 -0.135**

(0.002) (0.002) (0.035) (0.063)

Peri urban -0.049 0.145*** -0.041 -0.053 -0.064 -0.170**

(0.032) (0.056) (0.035) (0.045) (0.042) (0.070)

Rural 0.020 0.158*** 0.036 0.009 -0.050 -0.182*

(0.033) (0.044) (0.041) (0.053) (0.082) (0.108)

Observations 515 515 625 625 313 313

Note: Robust standard errors in parentheses.
***p < 0.01,
**p < 0.05,
*p < 0.
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We find that higher GLV prices is associated with a higher likelihood of hiring at retail nodes for both permanent and
casual labor. For tomato, higher prices are associated with lower probability of hiring casual workers by wholesalers and
processors. While initially surprising, these results are not inconsistent with economic theory since they mean that
compared to enterprises that don’t hire any labor, these enterprises are less likely to depend only on casual labor which
might mean that they tend to hire both casual and permanent. Conditional on hiring, a 1,000 Naira increase in tomato
prices is associated with hiring 38% more casual workers among tomato retailers (Table 10).

Tables 8-11 reveal that diversified GLV retailers and wholesalers exhibit higher propensity for hiring permanent and
casual labor respectively relative to specialized firms. Conditional on hiring, diversified GLV wholesalers and

Table 10. Poisson regression for the intensity of hiring casual or permanent employees by tomato and GLV
traders (retailers and wholesalers).

(IRR) (IRR) (IRR) (IRR) (IRR) (IRR) (IRR) (IRR)

Number hired GLV Ret
perm

GLV Ret
casual

Tomato
Ret
perm

Tomato
Ret
casual

GLV WS
perm

GLV WS
casual

Tomato
WS
perm

Tomato
WS
casual

Female (1/0) 0.669 1.186*** 0.936 1.013 2.243*** 1.155* 0.755*** 1.149

(0.306) (0.0746) (0.240) (0.068) (0.689) (0.100) (0.080) (0.130)

Formal education
(1/0)

0.970 0.943 1.169 0.952 0.957 1.059 1.077 0.869**

(0.202) (0.0603) (0.216) (0.056) (0.087) (0.057) (0.071) (0.056)

Diversification (1/0) 1.218 0.897* 1.115 0.920 1.272*** 1.003 1.037 0.958

(0.286) (0.0529) (0.216) (0.0581) (0.106) (0.055) (0.067) (0.059)

Oyo state (1/0) 8.067*** 0.923 0.940 1.014 1.477** 0.950 0.947 1.274***

(6.286) (0.107) (0.540) (0.134) (0.274) (0.070) (0.071) (0.116)

Business experience
(years)

1.015 0.992** 1.006 0.990*** 1.000 0.994* 1.005 1.002

(0.012) (0.00303) (0.010) (0.004) (0.006) (0.003) (0.003) (0.003)

Scale (tons) 1.016* 0.992 1.016** 1.003 0.999 1.000 1.000** 0.999

(0.009) (0.00556) (0.008) (0.003) (0.001) (0.0004) (0.0002) (0.0004)

Permanent wage
(‘000 N)

1.011 1.001 1.005 1.000 1.003** 1.001 1.001 1.001

(0.009) (0.00216) (0.00728) (0.002) (0.002) (0.001) (0.001) (0.0007)

Casual wage (‘000 N) 7.063 0.841 1.454 1.141 0.575** 1.028 1.390 0.795

(8.457) (0.124) (1.098) (0.381) (0.125) (0.150) (0.288) (0.197)

Price (N/Kg) 0.694 0.918 0.931 1.382** 0.789 1.118 1.353 1.068

(0.273) (0.102) (0.369) (0.204) (0.187) (0.168) (0.270) (0.224)

Peri urban 0.891 1.166** 0.976 0.828** 0.658** 1.041 0.994 0.835

(0.217) (0.0833) (0.235) (0.073) (0.108) (0.081) (0.069) (0.102)

Rural 1.269 1.082 0.879 0.957 1.028 1.039 1.001 1.138*

(0.358) (0.0757) (0.257) (0.091) (0.148) (0.102) (0.133) (0.087)

Inverse Mills 0.281** 0.471*

(0.162) (0.207)

Constant 0.108 8.751*** 0.557 2.458 14.53** 3.535*** 0.574 10.51***

(0.188) (3.113) (0.633) (1.377) (15.67) (1.350) (0.231) (4.604)

Observations 79 202 82 161 145 232 280 427

Note: Robust standard errors in parentheses.
***p < 0.01,
**p < 0.05,
*p < 0.

Page 22 of 26

VeriXiv 2026, 3:17 Last updated: 20 MAR 2026



transporters employ 27% and 35% more permanent labor respectively, while diversified transporters and GLV retailers
employ 17% and 10% more/less casual labor respectively than specialized counterparts. Managerial experience
positively correlates with permanent hiring at transport and retail nodes, but experienced input suppliers and tomato
retailers hire fewer casual workers. Each additional year of experience increases the amount of permanent labor hired by
3% for input suppliers, while GLV retailers, tomato retailers and wholesalers reduce hiring of casual labor by 1%. Rural
GLV retailers are less likely to hire permanent labor, consistent with smaller scale and activity levels. Rural tomato
wholesalers, handling large but sporadic volumes, favor casual labor for peak periods over permanent staff. Firm size
amplifies hiring intensity: transporters, GLV retailers, and tomato retailers increase permanent hiring. Overall, these
results confirm that enterprise structure, location, and managerial experience influence hiring decisions.

5. Conclusions and policy recommendations
Employment in Africa’s agri-food sector remains central to poverty reduction and structural transformation, yet off-farm
labor dynamics are underexplored. This study fills that gap by providing new empirical evidence on both on-farm and

Table 11. Poisson regression for the intensity of hiring casual or permanent employees by transporters, input
suppliers and tomato processors.

(IRR) (IRR) (IRR) (IRR) (IRR) (IRR)

Number hired Transporter
perm

Transporter
casual

Supplier
perm

Supplier
casual

Processor
perm

Processor
casual

Female (1/0) 0.357*** 0.845 0.830 1.490

(0.108) (0.183) (0.300) (0.500)

Age (in years) 0.992 1.000 0.985* 0.992 1.003 1.001

(0.011) (0.007) (0.008) (0.007) (0.017) (0.009)

Formal education
(1/0)

1.220 1.043 1.873*** 1.287 0.871 0.882

(0.190) (0.115) (0.383) (0.239) (0.268) (0.139)

Diversification (1/0) 1.349* 1.174* 1.298 0.957 1.120 0.960

(0.226) (0.108) (0.249) (0.215) (0.329) (0.350)

Oyo state (1/0) 1.640** 1.031 1.412 0.657** 0.800 0.709

(0.388) (0.126) (0.449) (0.123) (0.309) (0.239)

Business experience
(years)

1.017 1.000 1.031* 1.015 0.983 0.991

(0.012) (0.006) (0.018) (0.011) (0.022) (0.009)

Scale (tons) 1.002* 1.000 1.000 1.001* 0.998 1.002

(0.001) (0.001) (0.001) (0.0003) (0.003) (0.005)

Permanent wage
(‘000 N)

0.998 0.997** 1.004 1.001 1.012 1.008

(0.001) (0.001) (0.005) (0.003) (0.0121) (0.008)

Casual wage (‘000 N) 1.014 0.999 1.104*** 1.021 1.030*** 0.997

(0.036) (0.013) (0.038) (0.060) (0.011) (0.018)

Price (N/Kg) 1.113 1.049 0.803 1.039

(0.115) (0.050) (0.235) (0.172)

Inverse Mills 0.228**

(0.141)

Constant 0.810 1.722* 0.715 2.781*** 2.403 8.234**

(0.583) (0.555) (0.374) (0.782) (2.656) (7.687)

Observations 61 151 85 208 31 143

Note: Robust standard errors in parentheses.
***p < 0.01,
**p < 0.05,
*p < 0.
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off-farm labor dynamics in Nigeria’s horticultural value chains, highlighting how gender, enterprise structure, and
geographic context jointly influence employment outcomes. We find that participation along the horticulture value chain
in Nigeria is substantial across men and women, with significant heterogeneity across regions. Kaduna’s value chains are
male-dominated across nodes, whereas Oyo exhibits higher female engagement and female dominance at some nodes.
Employment along horticulture value chains in Nigeria extends beyond entrepreneurial opportunities for MSME owners
to wage opportunities with hiring rates ranging from 25% to 90% across these MSMEs. We find significant variation in
hiring strategies with Oyo enterprises favoring casual labor, while Kaduna firms exhibit a stronger preference for
permanent staff. We also find that wage levels for permanent employees (₦38,000–₦115,000) align with current wages
observed in the study states for semi-skilled and unskilled labor, suggesting non-trivial labor market integration.

This study finds that gendered hiring patterns are nuanced. On-farm, female tomato plot managers hire more frequently
but employ fewer workers. However, off-farm, female managers are less likely to hire labor, though conditional hiring
volumes are statistically indistinguishable from male counterparts. State context matters—Oyo managers hire less often
but in larger numbers when they do. Labor type interactions vary by node with complementarities between casual and
permanent labor in transport, retail, wholesale and substitution in input supply and tomato processing.

Taken together, our results confirm substantial employment opportunities along Nigeria’s horticulture value chains,
spanning both entrepreneurial and wage-based work. However, the findings highlight the need for differentiated labor
market interventions that address gendered constraints, enterprise scale, and regional market structures to foster inclusive
labor systems. For instance, in Kaduna, reducing entry barriers for women could enhance income generation and hiring
capacity; further research on constraints to women’s hiring behavior could improve productivity and employment
outcomes. Similarly, examining wage standards, skill requirements, and regulatory frameworks can strengthen labor
quality and equity. Given that larger firms hire more labor, credit-linked hiring schemes or tax incentives could support
employment (quantity and quality) and improve job security. Significant state-level variation underscores the importance
of state-specific labor policies rather than uniform national strategies to reflect divergent hiring patterns and gender
dynamics.
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