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Abstract:
Rural economies are frequently characterised by formal and informal institutions which can create
apparent economic inefficiencies and barriers to the access and adoption of technology. Contrary to
this, a vibrant rental market for tractor services has emerged in cereal-producing areas of Ghana,
despite intransigent land institutions which have kept average household agricultural land sizes
below 5 hectares. The functioning of this tractor rental market is of interest as there are several
economic inefficiencies for service providers, and considerable implications for technology access
and the incomes of rural households. The paper draws upon a qualitative and quantitative case study
of the hiring market for tractor services in Yendi, northern Ghana. A theoretical framework is
developed to attempt to explain the observed use of social capital to overcome market inefficiencies.
A small-scale survey of 246 households in 5 villages of the district is used to confirm these qualitative
and theoretical findings.
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I. Introduction
The agricultural production systems of Sub Saharan Africa have been slow to take up
modern technologies such as fertilizer [literature] and mechanization. The latter often
seems puzzling as much of cereal production, for which mechanized plowing, planting, and
harvesting would be possible, is in areas with low population density and relative land
abundance [literature]. Governments have frequently seen this lack of mechanization is as
a problem resulting from market failures in technology adaptation and credit markets.
Policymakers have frequently sought to overcome these constraints with state-sponsored
and managed mechanization programs from as early as the 1960s, up to the present decade
[literature]. However, a small revolution has quietly taken hold in cereal-producing areas of
northern Ghana where the majority of farmers, of all sizes, are found to be using
mechanized technologies for land preparation. The access of small-scale farmers to
mechanized plowing is through a vibrant rental market for tractor plowing services, which
is operating outside of any government involvement. This phenomenon leads to questions
of how, in a context of missing markets for credit, barriers in access to markets for
agricultural machinery, this rental market has developed. Furthermore, it leads to
questions of how this rental market operates – its effectiveness and its equity.
A major challenge with the rental market is the time limit of demand. There is peak demand
for plowing services over a 4-6 week period in June-July when farmers are responding to
the seasonal rainfall. The problem facing the market is how to organize the provision of
tractor services amongst farmers and villages. To consider this challenge, I consider the cost
structure for tractor providers, the evidence of oligopolistic price collusion, and the role
that social capital may be playing in determining which farmers secure timely plowing
services.
Overall, the research question is whether the strong social networks and ties of these rural
communities are improving the effectiveness of the rental market or not. To answer this,
the paper seeks to (i) characterize the rental market for tractor plowing, (ii) describe
qualitatively the aspects of social capital which are being employed in the rental services
market, and (iii) quantitatively to investigate the extent to which these aspects of social
capital are associated with better outcomes for farmers such as securing timely plowing
services and yield. Data from a case study of Yendi district in northern Ghana will be used.
Over September-October 2016, focus group discussions in 21 villages were undertaken,
alongside a survey of tractor use by 250 households in 5 of those villages. This combination
of qualitative and quantitative data will be used to illustrate the types of social capital that
appear to be used by the farmers and providers in accessing machinery services, and then
to quantitatively test the relationship between these social capital components with farmer
outcomes.
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II. Background
Mechanization technology in Ghana
The mechanization of agricultural operations in Sub Saharan Africa has been low, especially
among smallholder farmers, which dominate agricultural production (Mrema et al. 2008).
In the 1970s and 80s, when state-led industrialization was popular with SSA governments
in the post-independence era, public mechanization programs were common. This was also
true of Ghana where state farms and the government’s Operation Feed Yourself included
promotion of mechanized agriculture. In order for this to benefit small-scale farmers, rental
services for mechanized plowing and other services would be organized by the state.
Pingali et al. (1987) documented the failure of these state-sponsored mechanization
programs across SSA, which were not sustained by the private sector once government
support was withdrawn. Reasons that were provided were that there was a lack of demand
for machinery use among farmers on the one hand, and poor management of public
mechanization programs on the other. In this context, the emergence of a private sector led
rental market for tractor services is particularly interesting.
Apart from import data on agricultural machinery, there is little reliable information on the
total stock of tractors and other machinery either currently or over previous decades. Diao
et al. (2012) show import data from Customs and Excise that indicates that 200-900 pieces
of agricultural machinery were imported annually over the period of 2002-2012. This is
likely an over-estimate as the data may also include some construction machinery. Another
indication is administrative data from the Ministry of Food and Agriculture, which shows
that approximately 900 pieces of newly imported agricultural machinery have been
distributed since 2007 under their mechanization programs. Whilst there is no clear data
on the number of functional pieces of equipment in use, these data on government
programs and imports indicate that there is a nontrivial stock of machinery in the country.
Furthermore, there is evidence of high level of agricultural machinery use amongst farmers
from recent household surveys. The 2009-10 Ghana Socioeconomic Panel Study Survey
that is a nationally representative survey of over 5,000 households in Ghana. The survey is a
joint effort undertaken by the Institute of Statistical, Social and Economic Research (ISSER)
at the University of Ghana, and the Economic Growth Centre (EGC) at Yale University1. It
was funded by the Economic Growth Center. 31% of farm households across Ghana were
using agricultural machinery for cultivation on at least one of their plots in 2009 (Table 1).
Once this is broken down by region, 88-95% of farm households in the three northern
regions used tractors for cultivation. The representativeness of this survey confirms that
tractor use is not isolated to a few large-scale farmers but mechanized land cultivation is
now standard amongst farmers of all scales in large parts of Ghana.

1

Disclaimer: ISSER and the EGC are not responsible for the estimations reported by the
analyst(s).
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Table 1: Levels of tractor use in Ghana by region

Region

% of farm households
using tractor on at
least one plot

No. of farm
households surveyed

Western

0%

262

Central

1%

156

Greater Accra

46%

28

Volta

24%

243

Eastern

4%

267

Ashanti

7%

181

Brong Ahafo

6%

282

Northern

95%

347

Upper East

88%

125

Upper West

95%

56

Total

31%

1947

Source: 2009-10 Ghana Socioeconomic Panel Study Survey, EGC-ISSER.

The question which follows is: how are farmers accessing tractor technology. Given that
over 90% of farm holdings are less than 2 hectares in size2, it does not seem profitable for
individual farmers to own their own machinery. In fact, household surveys will often find
that ownership of agricultural machinery is extremely small. The same survey cited in Table
1, which surveyed over 5,000 households and 2,800 farm households, found only 8
households in the whole sample that reported ownership of a four-wheeled tractor.
Therefore, the primary means through which farmers are accessing mechanized technology
is through a hiring market for tractor rental services. Houssou et al. (2013) find that with
adequate demand for rental services and combined with the benefits for their own farming,
tractor ownership can be profitable for even medium-small scale farmers. The hiring
market is seems to be an income flow that justifies the investment in tractor equipment.
Ghana’s rural institutions and tractor services
Social capital is a catchall term that can capture a multitude of concepts. Ostrom & Ahn
(2003) provide a useful reconciliation of the literature into three aspects which contribute
to building trust between agents, which social capital theory argues should be considered as
important as physical capital in support markets and exchange. These aspects are
trustworthiness, networks and institutions. However, the social and cultural norms, which
result in efficiency-enhancing trust, are not necessarily formed with the intention of
enhancing trust (Lyon 2000). In this way, it is not hard to imagine that those social
institutions, which now support the hiring market, existed well before the hiring market
established itself. I will discuss the pre-existing networks and norms related to agricultural
production that are important context in understanding the interaction of social capital
2

(Ministry of Food and Agriculture 2011)
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with the hiring market. If we combine the established traditional networks and norms of
these communities with a modern, commercialized capital technology, and how do these
interact? Do farmers primarily engage with tractor owners/operators within their dense
network of family and neighbor ties? Or does the market for hiring services existing outside
of these networks? Is the existing social capital important for the hiring market? Does
social capital increase the efficient use of agricultural machinery? Some of these questions
will be considered in subsequent sections, but here we provide the context necessary for
examining these questions.
Specifically, the case study that is subject of this paper, Yendi district, has been the center of
considerable ethnic conflict in the past, and these conflicts have occasionally re-ignited in
recent years. Yendi is the seat of the Dagbon chieftaincy that has been subject to
disagreements over inheritance between sub-clans. More relevant for understanding the
land institutions and networks amongst farmers is conflict between the Dagbani and
Konkomba communities that reached its peak in 1994. Konkombas reside within the
Dagbon chieftancy and although they have their own chief system, their land allocation has
been determined by the Dagbani chiefs. In this way, the two ethnic groups live in distinctive
village or parts of towns, and farm in separate areas. From qualitative interviews, it is clear
than the boundaries of land between konkomba and dagomba communities were
determined at some point in the past and as such they are relatively fixed. This has
implications for land availability for agricultural production, as arguably the dagomba
communities are less land constrained than konkomba, in part due to the history of land
allocation and distribution. It is also reasonable to expect that Dagomba farmers are likely
to be accessing better quality land, and have easier access to new land. The data provides
evidence of this. The average plot size for dagomba households was 3.12 acres compared to
2.41 acres for konkomba households, with a significant difference in the means at 99%
confidence level. Without an accurate measure of land quality, we cannot conclusively show
that land quality would be lower, but this may be a dynamic at play in the data.
Dense social networks are valuable for information sharing and reputation building
(Ostrom & Ahn 2003; Lyon 2000). These dense social networks are prevalent in the villages
of Yendi. In focus group discussions, farmers described their neighbours as family. These
networks are enforced not just by geographic proximity but also by family and clan ties.
Family land was allocated several generations previously, and so generations of families
have lived alongside one another for generations. The use of these networks is exemplified
in information sharing. In discussions with farmers, it is clear that information on the price
of tractor service for that year is quickly shared amongst all farmers within and across
villages. Furthermore, farmers in the village were very quickly able to identify who owned
a tractor in the village, and which farmers had hosted tractor service providers in the
previous season. When a service provider is called by a farmer to the village, that farmer
will quickly inform his neighbours in the village that there is a tractor provider who will
also be available for them. However, there are limit of these networks to information only
in this case. When farmers were asked if they would wait to call a tractor provider until
their neighbours were ready to also use the tractor, the discussants indicated that they
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would not. As well as dense networks within villages, access to timely tractor service may
also be dependent on a farmer’s family ties outside the village. Several farmers indicated
that they had an extended family member who either owned a tractor or worked a tractor
operator, and they would call upon them to provide services to them.
In addition to these dense networks, there are strong social norms within village
communities, which drive the sharing of labour and coordination of farming activities.
Communal labour has been an established means of cooperation among farmers for many
generations. In Yendi, the protocol is that a farmer will call round to neighbouring
households to ask for assistance for a particular agricultural task (e.g. weeding, maize
shelling) that day. Households have some obligation to send a representative from their
household to provide free labour, with the understanding of reciprocity in due course.
Communal labour continues to be an important component of agricultural labour, despite
increasing commercialization of agricultural practices in more recent decades. From the
survey of households, 49.59% of households used communal labour on at least one of their
plots. However, increasing scale of agricultural production, and increasing alternative
activities for rural labor means that farmers are favouring less this mode of labour
exchange. Many discussants indicated that they prefer to use hired labour, as it is a more
reliable way of getting adequately skilled labour at times of peak labour demand.
Much has been written on the traditional land institutions of Ghana (for example Goldstein
& Udry 2008; Lambrecht & Asare 2016; Ghebru et al. 2016). The allocation of land is a
complex system set within the traditional clan system and family inheritance. There is a
strong social norm of paying respect to village chiefs, and elders. The extent to which this
has a de factor impact on land use and allocation somewhat varies by village. In the villages
that were studied, most indicated that all the land for the village had been allocated to
families. Farmers are not necessarily cultivating all the land that is allocated to their family,
but it is clear and known to all in the village that the land is theirs. The land can be
cultivated by another (non-family) member of the village, with permission from the family.
However, these boundaries cannot be permanently changed. Farmers were asked whether
they could exchange land with a neighbor in order to consolidate their plots (and improve
the efficiency of tractor use). Farmers found this idea laughable and would emphasize that
the land is already allocated.
From focus groups and interviews with village chiefs, it is also clear that within this system
there is a strong sense that those with more wealth or authority should use it to benefit
others within the village. One village chief indicated that his motivation for buying a tractor
was that it would enable the whole village to access tractor services on time. Similarly, in
discussion groups, it was clear that there was a sense that the larger farmers who owned
tractors should and would provide services to those in the village before moving elsewhere.
It is in this context that this paper seeks to deepen the understanding of this hiring market
that has established tractor use in the farming systems of northern Ghana. If tractors are not
owned primarily by the government and/or large-scale commercial farmers, then the hiring
market is sitting within the multi-faceted relationships and social institutions that
6
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characterize rural communities in northern Ghana. These transactions within the hiring
market are unlikely to be purely commercial transactions where social ties and networks
have little bearing. Rather, both farmers and tractor service providers may be drawing
upon existing social capital to negotiate conditions for exchange. It is beyond the scope of
this paper, but tractor services may even be used to strengthen social ties and broaden
social networks for other economic and non-economic transactions.

III. Theoretical model
a. Characterizing the rental market
Drawing upon theory of the firm and observations from fieldwork, the following section will
consider the objectives of agents on the demand and supply side of the service rental
market, as well as the nature of price competition. This characterization of the market will
show the collective action problem in the market.
There are many tractor owners in Yendi and surrounding districts. From discussions with
farmers, it is common for them to see tractor service providers from elsewhere in the
district, from neighboring districts, and from the regional capital, Tamale. Despite there
being high entry cost to service provision of purchasing a tractor, 178 tractors owners were
found in Yendi district alone in 2012 and the majority of these tractor owners rent out
plowing services to other farmers (Chapoto et al. 2014). While there are a large number of
suppliers at the district and regional level, the supply is more restricted at the village level.
The reasons for this are twofold. Firstly, there are only a couple of months in the year when
farmers want to prepare their land, due to agriculture in the area being rain fed. Secondly,
the cost structure hints at a more monopolistic nature of supply and competition. As
service providers seek to minimize the cost of plowing service provision, we can imagine a
cost structure similar to that of public utilities. There is sunk cost of the tractor provider
travelling to the district. Once that sunk cost has been incurred, the marginal cost for each
addition plow that is services will be less than a tractor provider who has travelled to the
village already. In this sense, there is a natural monopoly at the village level for tractor
providers. If this were the case, we would expect to only see a handful of different tractor
providers servicing farmers in a particular village over the plowing season.
As will be discussed later, the price for plowing services per acre is fixed for the market
therefore the objective of service providers will be to minimize their costs. The marginal
cost of providing plowing services is specific to the plot being serviced. Provider’s costs per
acre plowed will depend on the distance of the village from the owner’s premises, as well as
the distance or accessibility of the plot from other plots in the village. Additionally, the fuel
cost and consumption will be higher for plots which are waterlogged (often used for rice
cultivation), have been previously used to cultivate yam (more energy used to break down
the yam mounds), and if the plot has not been plowed before. Maintenance costs are also
higher for plots that have not been plowed before, or have been poorly cleared of stumps
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and large stones which can damage the plow attachment. I assume that the tractor provider
knows these costs at the time they agree to service a farmer’s plot. All these factors are
physically observable; therefore this is a reasonable assumption.
In the standard model of a competitive market, the assumption is that each good in the
market is perfectly homogenous and as such there can be variation in the marginal cost of
production as the quantity of production increases. This marginal cost is varying according
to the scale and other firm-specific production characteristics. Here, we are interested in
considering the case where the marginal cost of production varies, but that variation is due
to the specific consumer to which the good is being sold. The good itself – plowing an acre
of land – is homogenous in terms of what the consumer receives. But, the firm’s marginal
cost is dependent upon consumer or plot characteristics. If the firm has perfect knowledge
about consumer’s characteristics, then it would be rational for the firm to only service those
farmer’s whose associated marginal costs are less than or equal to the market price (or
marginal benefit to the firm).
Turning to the demand side of the market, we consider the objectives and constraints on
farmers. There are several agro-ecological and climatic characteristics that influence the
nature of demand for tractor plowing services. Crops such as maize and rice require a long
growing period than hardier crops such as soybean and yam. For this reason, there is a
short time span in which farmers will demand tractor services during June and July,
determined by the pattern of rainfall in each location and each year. Many farmers
indicated that if they fail to plant maize early enough, they will face lower yields or will
choose to cultivate soybean, millet, or sorghum which cope better with late planting and
also do not require investment in fertilizers. Secondly, there is high synchronicity of
operations between farmers. Whether a farmer uses manual power or machinery power for
land preparation, there is peak demand for labour and for machinery. Labour does not
seem to be a realistic substitute for mechanized plowing. Farmers indicated that if they
don’t secure tractor services at the right time, they either wait until they can get services
and therefore plant late, or plant a smaller area, or do not cultivate that plot. Qualitatively,
this indicates that during the peak plowing season, demand for tractor services is inelastic.
As farmers seek to maximize their profit from farming, they are concerned not only with
whether they use tractor machinery as an input, but the timing of when they access
machinery. It may be clearer to consider as two separate goods: plowing services on time,
and plowing services late. The utility the farmer gains from consuming service on time, will
be much higher than from consuming services late. Given the dependence of the
households on agricultural production, and the shortage of labour at peak times, the
alternative of not consuming tractor services at all, appears to be unthinkable from farmers
I interviewed. If land is not plowed by machine, manual labour could be used but only on a
fraction of land area and the relative cost of labour, especially at plowing time, is seen to be
prohibitive.
The above discussion assumed that both the farmer and service provider are takers of the
market price. There are a high number of farmers and tractor providers engaged in the
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market, which indicates competitive price setting. However, the cost structure for tractor
service providers, combined with the highly inelastic demand for services from farmers,
indicate that monopolistic competition could characterize the market. In this way, service
providers have some monopoly power in price setting. There is qualitative evidence of
some informal collusion among tractor owners on the market price for tractor services at
the start of each season. Farmers would tell us of a meeting that occurred at the beginning
of the season in the regional capital, Tamale, at which tractor owners agreed on the price
per acre for tractor plowing for that season. None of the farmers we spoke to had attended
this meeting, nor could they identify anyone they knew who had attended. The only
evidence of such a meeting we could find was from a Soybean out grower company that
conducts its stakeholder meeting at the beginning of the season. This meeting includes
representatives of their farmers, the rural bank which extends credit, seed and input
suppliers, and tractor owners. Tractor services are part of the package of inputs, which the
outgrower company provides on credit. Whilst only a small proportion of farmers in the
district are directly participating in the outgrower scheme, it seems that this formal
agreement is used as a basis for setting the price in the wider market.
If a service provider were to try to undercut their competitors, there would be no gain in
terms of quantity provided as to the providers there is insatiable demand for their services
during plowing season. They would not gain any market share, but merely have lower
profits than their rivals. It would be plausible to expect the service provider to charge above
market price given the paucity of alternatives for farmers and the monopolistic nature of
supply at the village level. The monopolistic price markup that service providers can
achieve will depend upon the number of other service providers supplying to a specific
area, which in turn will depend on the sunk cost of travelling to the village. Farmers located
closer to market towns and in larger settlements will benefit from lower prices than those
located in remote and isolated villages.
The only deviation to the market price which farmers are sometimes able to negotiate is to
pay at harvest and in kind. Again the effective price for this is standard (one bag of produce
per acre) and known by all farmers. Farmers who have a cash constraint and cannot afford
plowing services if paid upfront, can choose to pay in-kind after harvest. The cost of
provision for service providers to these farmers is higher due to the risk associated with
taking payment later. This facility enables these high-cost farmers are now able to access
the tractor services. For tractor service providers, there does seem to be some tacit
collusion on the price. All tractor owners that were interviewed indicated that the price for
rental services increases by 5 cedis if fuel prices have increased. They also acknowledged
that the price does not reduce if the fuel price falls [show that fuel prices have declined in
recent years]. The market is competitive in the sense that no single tractor operator can
charge a different price. However, there is likely monopolistic pricing as demand is highly
inelastic and operators are colluding on price setting. I will argue that the monopolistic
markup that service providers can achieve is limited by the nature of social capital in these
rural communities.
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b. The Coordination Problem
Given the nature of supply and demand in the hiring service market, a coordination problem
arises. The time-constraint on demand for plowing services due to seasonal rainfall means
that the order in which services are provided to farmers matters. It matters for the
efficiency of the hiring market. If farmers receive services too late, their utility from
consumption of services – either measured as yield or value of output – will rapidly decline
to zero after a certain point in the season, for some crops. On the other side of the market,
there is a deadweight loss if more than one (or requisite supply) service provider travels to
the same village. The sunk cost of moving the machinery to a village has been borne by both
tractor providers, where as it may have been more efficient for one to move to a different
village. However service providers will prefer to serve villages closest to their home – either
the district/regional capital, or village. Furthermore, there is a high cost (to market
efficiency) of time wasted by service providers searching for un-serviced villages. The
additional time will reduce the aggregate utility to farmers of receiving services on time.
In this way, I will argue that agents in the hiring service market to overcome this
coordination problem are using various components of social capital. More importantly,
without considering the role of social capital, we cannot adequately theorize the empirically
observed success of the hiring market. In addition, without understanding the role of social
capital, we cannot open up the market to understand who is, and who is not benefitting
from its current functioning.
There are several possible solutions to the coordination problem, as outlined above. Two
possible solutions will be discussed, namely, (i) cost minimization - service provision is
organized according to farmer/village proximity to the service provider’s home, and (ii)
social capital outcome - farmers draw upon social networks and repeated transactions to
secure timely services and providers also minimize the deadweight loss of searching.
Having illustrated the expected outcomes of each of these scenarios, I will consider data
from a survey of tractor users in Yendi district to test which of these models are being
realized.
Under the first scenario, service providers will seek to minimize their variable costs, given
they are effectively price takers. Farmers have little bargaining power due to inelastic
demand and many buyers in the market. We assume that service providers order potential
consumers by the consumer-specific cost of service provision, primarily based on the
distance the tractor provider has to travel to the farmer’s plot. In this scenario, there is a
sorting or queuing of consumers according to those factors that determine plot-specific cost
of service provision. This aspect is important, as the value to the consumer of tractor
service provision is dependent upon the time of service delivery. The outcome of the market
in this scenario will be profit-maximizing for service providers, although there may be some
deadweight loss as providers search for un-serviced villages. Farmers that are situated
closer to the service provider will be more likely to get tractor services on time. Some
farmers who would be willing to trade at the market price will be unable to trade due to
time constraint and their consumer-specific marginal cost.
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As a consequence, remote farmers will be less likely to be serviced on time, due to high
travel costs for service providers. This has parallels with public utility markets in which
remote consumers with high associated costs of service provision face either higher prices
or poor service provision in the absence of government regulations. Furthermore, there is
fluctuating demand for tractor services, in the same way that electricity and other utilities
face peak demand for an unstorable good.
The second scenario now assumes that farmers and service providers will take advantage of
social capital in order to improve the outcome of the market. There are several mean
through which this can happen. Firstly, neighbouring farmers will seek to minimize the cost
of service provision by coordinating their demand for services. The existing social
networks within villages can be harnessed in order to call a tractor operator to service
several neighbouring farmers at the same time. The advantage for farmers is that they are
more likely to secure timely services. The advantage for the service providers is that they
reduce the search costs and minimize their costs. In this way, the provider’s marginal cost of
servicing the next plot will be decreasing with the number of nearby farmers also using
machinery. Similarly, small plot sizes are less efficient for plowing (increased number of
turns of the machine). The addition fuel cost can be minimized by each farmer having a
larger plot size, or for contiguous plots to be cultivated as one piece of land, without
boundaries. As above, marginal cost will be decreasing with land size, or the number of
plots that are contiguous or farmed together. Secondly, farmers draw upon family and
social ties with tractor owners and operators in order to secure timely tractor services. The
same market price applies for these transactions, but the farmer draws upon the norms and
obligations of those relationships so that they can, in effect, jump the queue regardless of
the travel cost for the service provider. Farmers, who would be excluded from the market
under the first scenario, are therefore more likely to draw upon these social connections.
To demonstrate this, farmers often described the situation in which there is a ‘host’ farmer
in the village who provides food and accommodation for the tractor operator while they
work on all the farms in the village. The host is usually may be connected to the tractor
owner/operator in some way through family ties or a repeated working relationship. The
host will get tractor services for free in exchange for hosting. The host will also play some
role in organizing the order of the tractor provider’s work in the village. If any farmers have
arranged to pay in kind, the host farmer will be the one to keep track and facilitate
repayment. This further emphasizes that how a farmer is connected to others within and
without the village, has potentially considerable bearing on the timing with which they
receive tractor-plowing services.
From qualitative interviews, tractor owners had a variety of profiles. I met several village
chiefs or top farmers from the village who had purchased a tractor. Their motivation for
tractor purchase was recalled as being both for the benefit of their own farming, but just as
much for to ensure timely service provision for other farmers in their village. A second
profile was a large-scale commercial farmer who was based in Tamale and had several large
farms situated by different villages in the district. Whilst the machinery was primarily
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purchased for the farmer’s own agricultural production, he also provides services to smallscale farmers in those villages neighbouring his farms. There was some reciprocity, as these
same small-scale farmers would be hired to work on the commercial farms for weeding and
harvesting. Third, there was a businessman whose main activity was to buy and sell
agricultural produce. As an extension of this, he had invested in tractor machinery and was
providing services, solely on credit, to farmers. The businessman was able to buy the
agricultural output through in-kind payment for tractor services, and then resell the
produce when the market price was high. For all of these profiles, the exchange of tractor
service cannot be considered in isolation from other economic transactions between the
agents, nor outside if the social networks and norms which exist in these rural communities.

IV. Empirical analysis
a. Methodology
These questions will be considered using a case study of Yendi district in the Northern
region of Ghana. Yendi district was selected as a high level of machinery use was recorded
in the EGC-ISSER household survey. 61% of the plots in Yendi district covered by the
survey were cultivated using a tractor. As shown in Table 2, the district is amongst the more
highly mechanized districts in the Northern region, although not the highest according to
the survey data. The table also demonstrates that Yendi is typical of other districts in the
region in terms of population growth between the censuses of 2000 and 2010, and in terms
of the average number of days in the growing period. The district as a whole is more
densely populated as the district includes both the large district town and surrounding
rural areas. Yendi town is an important town in the traditional chief and clan systems.
Table 2: Northern districts - key characteristics
District

Population
(2010)

Population
density
(2010)

Population
change (2000
to 2010)

Saboba-Chereponi
Karaga-Gushiegu
West Mamprusi
Bole-Sawla-TunaKalba
Savelugu Nanton
Tolon Kumbungu

120,580
194,110
167,770
161,560

174
116
42
19

29%
54%
50%
27%

Length of
growing
period
(district
median)
200
189
181
223

136,650
113,680

29
33

52%
-15%

190
202

na
67%

Yendi

201,260

132

55%

211

61%

Zabzugu Tatale
West Gonja-East
Gonja-Central GonjaKpandai
Bunkprugu YonyoEast Mamprusi

122,290
417,410

37
31

56%
32%

214
209

25%
25%

242,220

100

39%

193

84%

12

% tractor
use by plot

60%
77%
90%
60%
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371,910
238,780

149
28

28%
66%

197
223

100%
33%

Source: Population data is from IPUMS database from Government of Ghana Population and Housing Census
2010. Length of growing period data is denoted as number of days and is derived from FAO's GAEZ database.
Estimate of % of plots using tractor is from EGC/ISSER Socioeconomic Panel Survey 2009. Several districts are
grouped together to account for changes to district boundaries between rounds of the census (2000 and 2010).

In September and October 2016, focus group interviews with farmers in 21 villages were
undertaken. These interviews were based on semi-structured interview questionnaire that
covered farming activities, use and access to tractor services, non-farm activities, and village
characteristics. Each focus group included 6-15 participants from the village. The
composition of the focus group was determined by discussion with entry point of contact
that was frequently a village elder or chief. The aim was to include farmers with a mixture
of (i) farm sizes, (ii) tractor users and owners, and (iii) men and women. A second round of
data collection was undertaken in order to test hypothesis that were emerging from the
focus groups interviews and are being discussed in this paper. A small-scale survey was
administered in 5 of those villages (Adibo, Zakoli, Sunsong, Gnani, and Wambung) to 250
households [include map]. The villages were purposively selected to include a mixture of
Dagomba and Konkomba households, and a range of village sizes. Extensive machinery use
was found across all the villages in the first phase. Village sampling was done in order to
capture the variety in access to land through ethnicity and village sizes. I have theorized
that these dimensions may affect the farmer’s access to machinery services. Within each
village, households were selected using a random walk until 50 households were
interviewed.
Table 3: Village sampling information

Village
Adibo
Gnani
Sunsong
Wambung
Zakoli

No. of
households
(2010
census)
251
131
<112
132
<112

Ethnicity
Mixed
Mixed
Dagomba
Dagomba
Mixed

Electric
grid
connection
yes
yes
yes
yes
no

Type of
road
through
village
Tarmac
Tarmac
Dirt
Dirt
Dirt

Working
tractor in
community in
2016
no
yes
yes
no
no

Source: Population and Housing Census 2010, Yendi District Report, Government of Ghana; Author’s field
observations. [add distance to Yendi town?]

b. Descriptive statistics
In this section, results from the survey of 246 households in 5 villages of Yendi district are
presented. Table 4 shows some of the variation across the villages in terms of tractor use
and average plot size. As discussed in section III, there is little variation in the cost of
tractor plowing services per acre. The median cost is the same across all villages.
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Table 4: Survey sample - basic information

Surveyed
village
Adibo
Gnani
Sunsong
Wambong
Zakoli
Whole sample

No. of
households

Mean plot
area (acres)

No. of plots

% of plots
on which
tractor
plowing
used

Mean cost of
tractor
services per
acre

Median cost
of tractor
services per
acre

59
52
42
47
46

205
248
242
298
209

3.32
2.60
3.10
3.22
2.40

0.86
0.73
0.81
0.76
0.60

52.80
52.95
39.79
44.47
33.85

50
50
50
50
50

246

1202

2.94

0.75

47.13

50

A key assumption underlying this analysis is that the benefit or utility a farmer gets from
receiving plowing services is dependent upon the timeliness of services. As part of the
survey, farmers were asked whether they had been able to plant at the time they wanted to.
From discussions with farmers, they indicated that plowing services and the timing of the
rains are the key factors that will impact whether they are able to plant on time. Table 5
indicates that for maize production, in particular, timely planting is significantly and
positively correlated with yield outcome, after controlling for other yield-enhancing inputs.
This results services to confirm the qualitative findings that the timing of plowing services
is important for farmers’ outcomes. The data here is limited to and so we cannot say much
about the effectiveness of other modern inputs such as fertilizer (only a dummy variable is
used). However, it does confirm that although mechanized plowing technically should not
improve yield, all else equal, if late planting is caused by late or lack of access to mechanized
technology, there will be implications for yield. Often arguments around mechanization
presume that labour and machinery are directly substitutable, with no implications for
yield. While this may be true in a technical sense, once inefficiencies in the hiring market
are considered, a farmer’s choice to use machinery introduces a risk of late planting and
lower yield.
Table 5: Correlation of yield with key production variables
Dependent variable: yield in maxi bags (yam
measured in pan)
maize
Planting was done on time (dummy)
Tractor plowing used (dummy)
Fertilizer used on plot (dummy)
Hired labour used on plot (dummy)
plot area (acres)
constant

yam

soybean

0.63**

0.27

0.2

(0.23)

(0.31)

(0.23)

0.93*

0.57

0.74

(0.44)

(0.36)

(0.47)

-0.04

0.61

2.31***

(0.23)

(0.77)

(0.61)

0.06

0.22*

0.03

(0.08)

(0.09)

(0.08)

-0.10*

-0.22*

-0.05

(0.05)

(0.09)

(0.04)

1.26**

1.46***

1.56***
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(0.41)

(0.34)

(0.44)

Adjusted R squared

0.06

0.05

0.06

N

270

234

240

Note: * indicates significance at 10%, ** is 5% significance, and *** is 1% significance. Standard
errors are in parentheses. Sample is restricted to plots on which each crop was grown, and for which
tractor plowing was used.

Having established that the timing of plowing services, and therefore planting, are
important for yields and other outcomes, we can consider the extent to which indicators of
social capital, as described in section III, are associated with more timely planting. Table 6
provides evidence of this. If the farmer belongs to a household that is one of a village chief
or elder, the farmer is more likely to plant on time. This confirms that the hierarchies
within villages have some role in the ordering of tractor services. Getting tractor services
from a tractor owner that is from the same village, or a friend who owns or operates a
tractor similarly is associated with increased probability of planting on time. In contrast,
hosting a tractor operator doesn’t significantly improve the probability that a farmer will be
able to plant on time.
Finally, and perhaps most conclusively, using a tractor
operator/owner who is unknown to you is associated with only 25% probability of planting
on time.
Table 6: Indicators of social capital and timely planting

Group
household includes a
village chief
household includes a
village chief or elder
household hosted a
tractor operator
used own tractor
used tractor owned by
someone in village
used tractor owner or
operated by a friend
outside the village
used tractor via
outgrower scheme
used tractor unknown to
them

No. of
plots in
group
316

No. of
plots out
of group
965

Probability of
timely planting
for group
0.54

Probability of
timely planting for
outside group
0.40

P-value for tstatistic of diff.
in means
0.00

400

781

0.52

0.40

0.00

185

989

0.48

0.43

0.12

8

890

0.63

0.57

-

180

718

0.61

0.56

0.09

577

321

0.60

0.50

0.00

26

872

0.69

0.56

-

107

791

0.25

0.61

0.00

Further work is to be done to consider what farmers do if they do not get access to services
on time. If we look at whether farmers switch to low-input low-value crops instead of crops
like rice and maize, there may be more welfare reducing impact of inefficiencies of the
hiring market, than merely lower yields. Farmer will either (i) wait for tractor services and
plant the same crops and area, (ii) reduce the area plant, (iii) or switch into difference crops
which will fare better with late planting but may have lower market value. Also, the link
between distance to tractor provider’s home and village, and access to timely services needs
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to be made to consider the validity of the first theoretical scenario where order of services
is dependent on minimizing costs alone.

Conclusions
This paper has opened up the workings of the tractor hiring market in northern Ghana
through a qualitative and quantitative case study in Yendi district. Based on fieldwork
observations, a theoretical framework was developed which posited firstly that there are
inefficiencies in the hiring market due to a coordination problem. The purely market
response to this problem would be expected to reveal service providers seeking to
minimize costs and prioritize serving village closest to their homes. It was then considered
that social capital through dense family and clan networks, and social norms of reciprocity,
are improving the efficiency of the market. Farmers are able to use social capital to secure
tractor services on time, in order to plant on time and optimize their agricultural output.
The quantitative survey evidence, by and large, confirms these theoretical and qualitative
findings. A farmer’s position within the village hierarchy is important in determining when
he/she is able to cultivate their plot. Similarly, farmers find that there is advantage to
accessing tractor services via existing social connections, rather than relying on unknown
service providers. Further work needs to be done to consider the full impacts of delayed
tractor services on farmer’s production decisions and welfare.
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