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FOR TRACTOR HIRING SERVICES
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Abstract: As in most countries in Africa, agricultural mechanization in Ghana
was slow to develop until the 1990s; however, this has changed markedly since
the early 2000s. According to the nationally representative Labor Force Survey
conducted in 2015/2016, about one third of Ghana’s crop-growing farmers,
including smallholders, reported using some form of machinery, mostly trac-
tors for land preparation. Still, policymakers are concerned that mechanization
should be proceedingat a faster rate and worry that supply-side issues may be con-
straining its uptake, especially among smallholders. With this in mind, the gov-
ernment recently started to directly re-engage the promotion of mechanization,
devoting public resources to directly subsidize machinery imports and to estab-
lish a network of subsidized agricultural mechanization service centers around
the country (Diao et al. 2014). Parallel with these government programs is the
rapid development of private-sector supply systems, through which an increased
number of secondhand tractors were imported and purchased by relatively large-
scale farmers. In turn, these farmers provide hiring services to smaller-scale farm-
ers for use mainly in land preparation, harvesting, and threshing. In this chapter,
we review recent developments in the uptake of agricultural mechanization in
Ghana and the factors driving the growth in farmers’ demand. We then discuss
alternative supply models in the country, comparing them with recent govern-
ment interventions. This leads to our conclusions about appropriate mechani-
zation policies for the future.

A Historical Overview of Mechanization in Ghana
Ghana is a relatively land-abundant country, but agriculture, which was the
mainstay of the economy until the late 1990s, is still dominated by small
firms. Mechanized agriculture has existed since before independence among
a few large-scale farmers; however, even though land was available for farm
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expansion in many places, overall mechanization levels have been low until
recently.

Like the country’s early industrialization strategy, state-led direct inter-
ventions characterized agricultural policies in the 1960-1970s. Under such
policies, the government promoted large-scale mechanized farming through
a series of intervention programs such as the famous Operation Feed Yourself
(OFY) program (Girdner et al. 1980), the Upper Regional Agricultural
Development Project, and the Volta Regional Agricultural Development
Project (Okolie 2003). In combination with protectionist policies in trade and
markets, including rice import controls and local rice price support policies
(Abdulai and Huffman 2000), the large-scale agriculture promotion policies
led to the establishment of largely mechanized large estate farms, particularly
in rice production areas in northern Ghana (Amanor 2011). Tractors that
were imported for these large farms were implicitly subsidized by the signifi-
cantly overvalued exchange rate. In the meantime, the government of Ghana,
similarly to governments in many other African countries including Nigeria,
Zambia, and Tanzania, sought to promote tractorization of subsistence farm-
ers through the establishment of tractor hiring services (THS) schemes oper-
ated by the government (Akinola 1987). According to Seager and Fieldson
(1984), the Ministry of Agriculture in the 1960s owned and operated 1,500
tractors in its 32 district mechanization stations in the savannah zone. The
low service charges paid by farmers for the service provision of land clear-
ing, tillage, and harvesting were estimated to be about 3—74 percent of actual
costs, depending on the service rendered (Stryker et al. 1990). With the focus
shifting to rice-growing areas in the 1970s, the heavily subsidized mechani-
zation model was further expanded in the north, where rice was grown. Of
a total of 239 heavy farm machines operated by the Ministry of Agriculture
in the 1970s, about 40 percent were in the Northern and Upper regions and
mainly used for rice production. Similarly, about 60 combine harvesters were
operated by the Ministry of Agriculture in the northern rice-growing zones
(Akoto 1987).

As expected, low efficiency arose as result of the heavily subsidized and
state-run THS schemes. It was estimated that only about 40 percent of the
government tractors were serviceable and each of these plowed an average of
only 1218 ha annually. In contrast, the private tractor owners could plow up
to 240 ha per tractor per year (Stryker et al. 1990 p. 116).

Facing a series of economic and political crises that had pushed the coun-
try’s economy to the edge of a total collapse, the Government of Ghana started
the Structural Adjustment Program (SAP) in 1983, earlier than most other
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African countries that underwent similar IMF- and World Bank-guided
reform processes. The significant cuts in the government’s overall budget and
support to state interventions, including various agricultural subsidy pro-
grams, led to the eventual discontinuation of the government-supported THS
schemes. With the huge devaluation of domestic currency, prices for imported
capital goods, including tractors, became considerably high in terms of local
currency and few large farmers could afford to buy such imported capital
goods. These two factors led to a fall in the level of agricultural mechanization
following the SAP in the 1980-1990s (Aryectey and Baah-Boateng 2007).
This is similar to what occurred in many African countries, including Nigeria
as described in this book. The decline in mechanization in the 1980-1990s
was a correction from the unsustainable level of mechanization in the 1960—
1970s created by the government’s direct interventions and other distortion-
ary policies. While the 1970s were characterized by substantially higher levels
of public expenditure in agriculture, including spending on mechanization,
most direct interventions were expensive and had limited effects on overall
agricultural performance (Akoto 1987). This suggests that the early mechani-
zation push in the 1960-1970s was a failure.

The Emergence of High Demand

for Mechanization in Ghana

The failure in the early push for tractorization by African governments has
led agricultural economists to emphasize the importance of demand-side fac-
tors in mechanization. In the 1980s the lag in mechanization was attributed
mainly to the slow progression of agricultural intensification from long fal-
low to permanent agriculture. By examining the existing farming systems

in Africa carefully, Pingali, Bigot, and Binswanger (1987) provided a formal
analysis on the main reasons for the slow progress of agricultural mechani-
zation in Africa. The authors argue that the slow transition from hand hoes
to mechanized plowing can be explained by the lack of evolution in farming
systems. In long- and medium-fallow systems, tree stumps are present in the
fields because they have not had time to rot away. Therefore, the plow cannot
be used in these systems until they have progressed to the stage of short fal-
low or permanent agriculture. When the systems move from long or medium
fallow to short fallow or permanent agriculture, one reason for the switch

in technology is that as fallows get shorter, grassy weeds and hardened soils
become harder to overcome with hand hoeing, making animal or tractor
plowing more attractive.



380 PART 4: AFRICAN COUNTRIES

One theory, developed based on Hans Ruthenburg’s (1980) historical anal-
ysis of the evolution of tropical farming systems, predicts that farming com-
munities will only adopt draft animals or tractors for land preparation once
their land use intensity reaches a critical threshold. Ruthenburg measured
land use intensity as the ratio of the harvested area to the total agricultural
area (cropland plus fallow land). He called this the R-value and concluded that
it must exceed 33 before mechanization of land preparation would take hold.
This is equivalent to when the average fallow period has been shortened to less
than two years for each year of cultivation.

Diao et al. (2014) calculate annual R-values for Ghana over the period 1961
to 2011 (Figure 11.1). While still relatively land-abundant, land use intensity
has increased since the late 1990s in Ghana. Until the late 1990s, Ghana had
low R-values, during which time there was little evidence of demand for tractor
mechanization. From the late 1990s onward, however, the R-values have per-
manently risen above the threshold of 33, reaching 40 to 43 in the late 2000s.
While this highly aggregated data fails to capture important regional varia-
tions, it does suggest that farming systems and land use intensity have changed
significantly in Ghana since the late 1990s, permitting more mechanization.

However, Binswanger and Savastano (2016) notice that while rising pop-
ulation density and improved market access have transformed a large share
of African agriculture to permanent cropping—for example, in Ethiopia,
Kenya, and the Savannah zones of West Africa—only in a few of these areas
has mechanical tilling been adopted, either via animal draft or via tractors.
Therefore, Binswanger-Mkhize (2017) argues that the farming systems expla-
nation no longer seems to be a sufficient explanation for the slow progress of
mechanization in some African countries.

Indeed, Ruthenburg’s R-value as a measure of land use intensity seems to
be only a necessary but not sufficient condition for assessing the demand for
mechanization. Another relevant theory from the literature is the induced
innovation theory, which essentially predicts that mechanization being a
labor-saving technology means that demand will develop once labor becomes
sufficiently costly relative to capital and other purchased inputs (Hayami
and Ruttan 1970, 1985; Binswanger and Ruttan 1978; Pingali, Bigot, and
Binswanger 1987). This typically happens after a country has reached a point
in its economic transformation where the number or the share of workers
remaining in agriculture begins to decline and the land-labor ratio increases.
For field crops, this usually leads to farms getting bigger and as there is greater
scarcity of labor relative to land, farmers have an incentive to adopt labor-
saving technologies like mechanization.
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FIGURE 11.1 R-value measure of farming system evolution in Ghana, 1961-2014
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Source: Compiled from FAO data.

Land-Labor Ratio

Unlike many African countries, Ghana is still a relatively land-abundant
country; as shown in Table 11.1, the average cropped area per rural per-

son actually increased by 11.8 percent between 2000-2010. This happened
despite continued population growth, because rapid urbanization has pulled
many workers out of agriculture on a full- or part-time basis, and chang-

ing marketable opportunities have simultaneously led farmers to increase
their cultivated areas. However, Table 11.1 shows that there are important
regional differences in these changes. Looking across regions, there is an
inverse relationship between increases in the cropped area per rural person
over 2000-2010 and population density. For example, Brong Ahafo region
experienced the largest percentage increase in its cropped area per rural per-
son (52.5 percent) and was also among the regions with the lowest population
density in 2010. At the other extreme, the Greater Accra region experienced
a 38.8 percent decline in its cropped area per rural worker and had the high-
est population density after Central region in 2010. Moreover, the regions
that experienced the largest increases in their land-labor ratios are the most
important regions in terms of national food crop production (Table 11.1).

Farm Size

One consequence of an increasing land-labor ratio has been that farms have
grown larger where land is relatively abundant. The expansion of farm size
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TABLE 11.1 Crop area per rural person, by region, 2000 and 2010

2010 2010 share in Crop area per rural person (ha)
Rural population density  national food crop
Region (persons/km?) area (percent) 2000 2010  Percent change
Western 57 6.7 0.20 0.18 —6.7
Central 118 7.0 0.20 0.23 12.3
Greater Accra 117 0.3 0.06 0.03 -38.8
Eastern 7 14.1 0.34 0.35 4.0
Volta 68 59 0.14 0.16 16.2
Ashanti 77 12.8 0.24 0.26 7.7
Brong Ahafo 32 18.5 0.35 0.54 52.5
Northern 25 16.1 0.33 0.35 7.0
Upper West 32 10.6 0.58 0.68 16.8
Upper East 94 8.0 0.41 0.36 -12.6
National 51 100.0 0.28 0.31 1.8

Source: Diao et al (2014).

is one of the most important ways for farmers in Ghana to respond to the
increased market demand for food crops from urbanization and growth in
household income, and recent improvements in market access have made it
possible for many farmers to switch to more market-oriented production.

Nationally, there has been an increase in the share of medium-sized (2-20
ha) farms at the expense of small (less than 2 ha) farms, and medium-sized
farms now account for half of all farms (Table 11.2). This change masks
important differences at regional levels. In the northern regions (comprising
the savannah and transition zones), medium-sized farms have surged ahead
and now account for 60 percent of all farms. However, there has been a reverse
trend in the south (comprising the forest and coastal zones), where the share of
medium-sized farms has actually declined (from 44.7 percent to 41.1 percent)
and the share of small farms has increased.

Generally, for medium-sized farmers to further expand their farm size,
they depend on mechanization for land preparation. Moreover, while they are
more likely to become owners of tractors, they cannot fully utilize the capacity
of the tractors on their own farms. Thus, the increasing farm sizes and tractor
ownership seem to reinforce each other from both demand and supply sides of
mechanization. That is, owning a tractor might encourage the farmers to cul-
tivate a larger piece of farmland, which is a demand-side factor from medium-
sized farmers for mechanization. At the same time, cultivating a large land size
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TABLE 11.2 Changes in the farm size distribution, 2005/2006

and 2012/2013

Small Medium Large
Region/year (< 2ha) (2-20 ha) (> 20 ha)
National:
2005/2006 53.3 447 1.9
2012/2013 49.3 49.8 0.9
North:
2005/2006 44.3 52.5 32
2012/2013 38.6 60.0 1.4
South:
2005/2006 53.3 447 1.9
2012/2013 58.4 4141 0.5

Source: Authors’ calculations using GSS (2014).
Note: South = Coastal + Forest zones; North = Savannah + Transition zone.

might also encourage these farmers to procure a tractor and participate in the
THS, thereby increasing the supply of mechanization.

Urbanization
Urbanization is an important factor driving increased demand for mechaniza-
tion because growing market demand for agricultural products is often a key
driver of intensification. In Ghana, intensification as a whole, and mechaniza-
tion in particular, appears to be fairly correlated with market access, measured
by travel time to large towns and proximity to roads (Cossar 2015). Changes
in dietary structure associated with urbanization lead to increased demand for
cereals, which generally have higher labor requirements than roots and tubers
and are more conducive to mechanization (Nin-Pratt and McBride 2014).
Ghana has rapidly urbanized in the past two decades and since 2010 more
than half of the total population lives in urban areas. There has been sub-
stantial migration of workers from rural to urban areas alongside consider-
able employment growth in the rural nonfarm economy, which have together
led to a decline in the share of workers remaining in agriculture to about
40 percent of total employment in recent years. However, national statistics
mask considerable spatial heterogeneity within Ghana. Until recently, a major-
ity of its labor force was still working in agriculture, particularly in northern
Ghana. However, because of low population density in the north, farm sizes
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tend to be larger there than in the south (Table 11.2). Moreover, because the
north corresponds closely to the savannah and transition agroecological zones,
its agriculture is dominated by field crops (particularly cereals) that are suit-
able for tractor land preparation, instead of permanent tree crops grown in the
forest zone in the south that are not suitable for tractor operation. Indeed, in
recent years, northern Ghana has increasingly become a food basket, provid-
ing maize and rice to urban markets throughout the whole country.

Rising Rural Wages

Urbanization also creates nonfarm jobs in both urban and rural areas, put-
ting an upward pressure on rural real wage rates and hence creating demand
for labor-saving technologies like mechanization. Mechanized plowing signifi-
cantly reduces the labor required for land preparation and, to a lesser extent,
reduces the labor required for weeding and harvesting (Pingali, Bigot, and
Binswanger 1987). When hired labor is a major source of agricultural labor

in certain farming activities—for example, in land preparation and harvest—
the bottleneck effect of seasonal labor shortages increasingly becomes a factor
prompting farmers to switch to mechanized services where they are available.
The demand for mechanized service is further boosted when rural hired labor
represents a relatively large share of production costs and becomes more expen-
sive. Under such circumstances, even small farmers begin to demand mecha-
nization technology. Recent economic structural changes have increased job
opportunities in the rural nonfarm economy, and many family members of
smallholder rural households are participating in nonfarm economic activities
(Diao et al. 2014), which puts an upward pressure on rural wages.

Rising rural labor costs in both the north and south are one of the most
important emerging factors in recent years to explain the accelerated demand
for mechanization in Ghana. Table 11.3 provides agricultural wages for dif-
ferent types of farming activities at the national level and annual average rates
across regions from 1991 to 2012. At the national level, agricultural real wages
have grown by almost 7 percent per year over the period. At the regional level,
agricultural wages have grown at a similar pace across regions in both the
north and south. There are some exceptions to this; for example, male wages
for land clearing in the Eastern region grew at about half the national rate.

While mechanization for land preparation is not necessarily a
productivity-enhancing technology (Pingali, Bigot, and Binswanger 1987),
reducing the dependency on hired labor improves farmers’ control over the
timing of agricultural operations. In semi-arid areas of Ghana with few days
of rainfall, or in areas with bimodal rainfall that practice multiple seasons
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TABLE 11.3 Agricultural wages and annual average growth rate in
Ghana, 1991-2012, by type of work

Year/region Men clearing  Women harvesting  Men harvesting

Level of national average agricultural real wage (new Cedis, deflated by CPI)

1991 1.18 0.94 1.11
1998 1.39 1.03 1.35
2005 2.30 1.84 2.38
2012 4.55 3.60 4.24
Average annual growth rate (1991-2012)

Western 10.82 7.69 6.56
Central 6.10 6.80 6.66
Volta 7.52 7.42 7.31
Eastern 3.22 5.73 5.27
Ashanti 6.29 7.79 7.93
Brong Ahafo 5.41 4.87 6.78
Northern 5.26 4.66 3.25
Upper East 6.80 6.19 6.47
Upper West 6.46 5.00 3.55
National 6.62 6.57 6.60

Source: Authors’ calculation using multiple rounds of household surveys (GSS 2014).
Note: CPI = consumer price index.

of cropping, seasonal labor bottlenecks can have impacts on productivity. In
Northern Ghana a two-week delay in planting can lead to a 3055 percent loss
of yield (Houssou, Diao, and Kolavalli 2014a).

Putting together the agroecological factors and dynamics of recent eco-
nomic transformation, it is reasonable to believe that demand for mech-
anization is rising and is no longer a constraint for the development of
mechanization in Ghana. However, because agricultural production is largely
influenced by agroecological conditions, both potential demand and adoption
of mechanization often exhibit substantial spatial variation within a coun-
try. Existing demand for mechanization is often first concentrated in certain
areas, such as those where farm size is relatively larger than the national aver-
age (for example, Northern Ghana) or those that are highly urbanized with
small farm sizes (for example, Greater Accra areas). The recent Labor Force
Survey conducted in 2015/2016 in Ghana shows that while just one third of
crop-growing households practice mechanized agriculture using farm machin-
ery (primarily for plowing), the adoption rate is as high as 88.5 percent in the
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Upper West region and 76.9 percent in the Greater Accra region (GSS 2016).
On the other hand, there is relatively low demand for mechanization in the
parts of the southern forest zone that have dominant permanent tree crops
and tree stump issues. The adoption rate of mechanization is in the range of
2-10 percent in these forest zone regions (GSS 2016). In Ghana’s Upper East
region, the adoption rate of mechanized agriculture is also low at 18 percent
(GSS 2016), mainly because of a tradition of using animal traction (Houssou
et al. 2013b) and the predominance of smaller farms. It should also be empha-
sized that mechanization adoption varies significantly not only across regions
in Ghana but also within regions across districts (Houssou et al. 2015). In
Brong Ahafo region, for example, mechanization has been widely adopted
in the maize-dominant grassland areas, but it is not the case in tree crop-
dominant places or in the forest areas (Cossar 2015). Clearly, a nationwide
push for mechanization by the government should be avoided given such het-
erogeneity in the demand for and suitability of mechanization across areas.
Observations from field visits of IFPRI researchers in the savannah zone of
Ghana in 2012-2013 also confirm the emerging high demand for mechani-
zation, including from small famers. During their field visits, many small and
relatively large farmers were interviewed, as well as tractor owners and users of
hiring services. Everywhere they went, the researchers heard complaints from
farmers about the lack of tractor services to meet their demand, and there
was no single case in which a tractor owner complained of a lack of adequate
demand for his or her services. Farmers who hired tractor services reported
that they often had to approach more than one tractor owner before secur-
ing services to plow their field. Farmers who hired out their tractor services
reported that they never have any concern for lack of consumers, and during
land preparation season, they are often inundated with requests for services.
With evidence that tractor ownership has increased in recent years, farmers
hiring tractor services reported that it is becoming easier in some locations to
secure plowing and maize threshing services, as compared with the past (Diao
etal. 2014).

The Supply of Agricultural Mechanization

in Ghana

The supply of mechanization includes manufacturing and importation of
machines, mechanized service provision to farmers, fabrication and distri-
bution of attachments and spare parts, and machinery repair and mainte-
nance services. In Ghana, there are currently two parallel supply channels for
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agricultural mechanization services: the private sector’s supply system charac-
terized by farmer-to-farmer hiring out services, and a government-sponsored

Agricultural Mechanization Services Enterprise Center (AMSEC) program.

We consider each in the two subsections that follow.

Private Sector-Led Mechanization

The private-sector supply chain is well-developed and combines machinery
importers, mechanized service providers (mostly medium-scale farmers), and
repair and maintenance shops. The private sector has operated in Ghana’s
mechanization business for more than two decades, and it has scaled up in

the last decade. Other than benefiting from an import tariff exemption that
applies to all agricultural machinery imports, the private sector supply chain
receives no other support from the government. The scale of the private sector
is significant; while the government imported about 3,000 new tractors and
300 power tillers over 10 years, a similar (and possibly greater) number of used
tractors were imported by private importers in the same period (CEPS 2012).
The share of used tractors in total imports has increased substantially since
2010 (Figure 11.2), suggesting considerable and growing demand for afford-
able tractors in the private sector.

Private importers are predominantly small-scale businesspeople who have
well-developed import channels in Europe for secondhand tractors, and trac-
tor importation is typically only part of their business. This diversification
enables them to spread their risks and to smooth out the seasonal nature of the
demand for tractors. Their clients are mostly medium- and large-scale farm-
ers, who want to buy imported secondhand tractors (USAID/ACDI-VOCA
2013). As in the automobile market, used tractors have a price advantage over
new tractors of the same brand and are typically even less costly than the sub-
sidized new machines imported for the government.

Secondhand tractors are attractive to farmers not only because they are
more affordable, but because they can obtain tractor brands of their own
choice. Moreover, since the private sector has operated in the tractor import
business for many years, the spare parts for the brands they import are avail-
able in most locations at reasonable prices. By contrast, the brands of new trac-
tors imported by the government keep changing, and spare parts for them are
harder to obtain.

Medium- and large-scale farmers are the main buyers of secondhand trac-
tors from private importers, and they are also the main providers of mecha-
nized services to other farmers. For most of them, hiring out tractor services
after they have plowed their own land is an important way to justify the
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FIGURE 11.2 Tractor imports in Ghana, 2003 to 2012
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substantial lump sum investment cost involved (Houssou, Diao, and Kolavalli
2014a). The 2013 IFPRI/SARI survey found that for tractor owners the

ratio of their numbers as service providers to the number of service users is

1 to 100-120 in 2012; on average, a medium-scale farmer who owns a trac-
tor provided hiring services to 100-120 other farmers, of which almost

half are small-scale farmers with land area less than 2 ha (Houssou, Diao,

and Kolavalli 2014a). On the other hand, almost half of the surveyed small-
scale farmers hire tractor services for plowing; nearly all of these services

were sourced locally and most were provided by other farmers (Benin 2013).
Because of the dominant role of medium- and large-scale farmers in provid-
ing tractor services, the market for land preparation services is competitive.
One outcome is that farmers in different locations are paying similar prices for
plowing services (Benin 2013).

Market Failures in Agricultural Machinery Investment

Tractors are expensive, and like other indivisible lump sum investments, own-
ing a tractor has an investment risk associated with the uncertainty about the
returns to investment. While demand for mechanization appears to be grow-
ing among farmers in Ghana, such demand does not necessarily lead to ade-
quate supply responses. Market failures could slow down the private sector’s
supply response to the increased demand for hiring services for mechanization.
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While the private sector has operated in Ghana’s mechanization business
for more than two decades, up until the early 2000s few farmers in Ghana
owned tractors and most of those who did were large-scale. The farmer-to-
farmer hiring services are a rather new business in many areas of the country.
Like an infant industry, the market for such hiring services is in its early devel-
opment stage, and the uncertainty in such markets for potential tractor own-
ers is whether local demand for hiring services is large enough to make their
investment profitable. The 2013 IFPRI/SARI survey found that 85 percent
of tractor owners were the consumers of hiring services for about 10 years on
average before they decided to purchase their own tractors; this exposure to
the service market gave them a better understanding of the market (Houssou,
Diao, and Kolavalli 2014b).

Migratory service provision is rare in Ghana. While there are different
agricultural seasons in the north and south, only about one fifth of surveyed
tractor owners migrate between the two regions and most of these owners are
clustered in one district (Chapoto et al. 2014). While it is unclear why more
owners do not take advantage of the different seasons, possible explanations
include uncertainty over demand, information asymmetries in other areas,
and lack of transport infrastructure. Risk and uncertainty will likely decrease
as the hiring services market becomes more established and more private own-
ers participate, but currently the supply response is expected to lag behind
demand as individuals providing hiring services require a period of learning-
by-doing. In China however, county-level governments have facilitated the
process for migratory service provision by helping machine owners overcome
the risks caused by coordination failures and information asymmetries (Yang
etal. 2013).

Market failure caused by the uncertainty in the service hiring market is
magnified by the lack of accessible credit in the financial market for such
investments. In Ghana, tractor owners depend on their own savings for
machinery investment. Only 3.4 percent of surveyed medium-scale farm-
ers who owned tractors obtained any loan for their purchases (Chapoto et al.
2014). Accumulation of the large amount of money needed to purchase trac-
tors takes time. Land tenure traditions also contribute to this problem. In
Ghana, land has historically been communally owned. Such traditional land
tenure systems help the country avoid land concentration in the hands of a
small number of large owners, but also mean that individual farmers can-
not use land as a personal business asset with which to secure loans to pur-
chase agricultural machinery. Interest rates for existing commercial loans
are also too high to attract borrowers for agricultural machinery investment.
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Consequently, the supply of hiring services tends to be concentrated in the
areas where there are large- and medium-scale farmers who can afford the
investment in machines, and the supply response in other areas is slow to meet
the rapidly growing demand for mechanization.

Investment risk is also associated with the cost of a tractor. Besides the
low-cost, relatively affordable secondhand tractors, there is almost no avail-
able small agricultural machinery that is both affordable and suitable for local
conditions. This is an important constraint to investing in a tractor for many
farmers. In developing countries in Asia, on the other hand, tractors come in a
wide range of sizes, horsepower, and prices. Power tillers and low-horsepower,
small four-wheel tractors have been manufactured in China, India, and some
other Asian countries. Prices for these smaller machines are affordable for
many small- and medium-scale farmers in Asia (Diao et al. 2014). Farmers in
Ghana commonly favor large and powerful tractors; the average horsepower of
tractors in Ghana ranges from 60-80, while smaller tractors popular in Asian
countries fall in the range of 20-40 hp (World Bank 2014).

In Ghana, like in other African countries, the availability of smaller agri-
cultural machinery—including small tractors that are relatively affordable for
small-scale farmers and suitable for African soil conditions—is limited. Power
tillers are used in irrigated paddy rice fields for plowing in the Kpong irriga-
tion scheme in Eastern region (Takeshima et al. 2013). But with a low level
of irrigation in the country, the potential for adoption of power tillers is low.
Without affordable and suitable smaller tractors, the market alone is unlikely
to create enough incentive for would-be suppliers of mechanization services
to meet demand. While further research is needed to fully understand why
smaller tractors have not been widely adopted in Ghana, here we explore a few
reasons for the market failures in mechanization.

LIMITED KNOWLEDGE AND INFORMATION ABOUT SMALL MACHINERY

The early push for mechanization through state-run mechanization service
centers in the 1960-1970s exposed Ghanaian farmers mainly to large trac-
tors; in fact, many large tractors imported during that period are still oper-
ated and owned by large-scale farmers today. There is little knowledge among
farmers and would-be-suppliers of mechanization services about different
types of mechanized technologies, such as the returns to tractors of different
amounts of horsepower, the merits of small machinery such as hand tillers, or
the appropriate use and handling of different machines. Similarly, would-be
importers need to be aware of various engine and equipment sizes and their
potential uses in order to assess potential demand and business opportunities
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related to smaller mechanized equipment. Secondhand tractors imported
from Europe by private traders are all large, and the existing supply chains for
spare parts often cater to the few brands of large tractors already popular in
the country. While knowledge about smaller machine availability and perfor-
mance will increase as information and evidence spreads, until then importers,
farmers, and potential tractor owners will be unlikely to change their prefer-
ence for larger machinery.

LACK OF SMALLER ENGINES FOR AGRICULTURAL MACHINERY SUITABLE

FOR AFRICAN CONDITIONS

It is not clear whether smaller engines for agricultural machinery that have
been widely adopted in Asian countries are suitable for African conditions. In
most areas of Africa that are dependent on rainfall for crop production, the
tropical soils are heavy and highly compacted. In many areas of Ghana, we
were frequently told that current small-scale tractor engines are not suitable
for local conditions because they are not powerful enough for land prepara-
tion if soils are very dry before the rains. Additional research and development
(R&D) investment in designing smaller engines for locally-appropriate equip-
ment appears necessary. For such investments, the social returns are often
larger than the private returns to firms, when the technology can be easily
copied by other firms. The existence of this potential positive externality may
require incentivizing private investment.

LIMITED OPTIONS FOR MULTIPURPOSE TRACTORS

Plowing is a seasonal activity and while tractor use for plowing reduces the
risk associated with delays in land preparation and crop planting, investment
in a tractor is unlikely to be profitable for small-scale farmers without using
the tractor for other purposes. In fact, the use of tractors can be extended to
many functions beyond land preparation, such as using the tractor’s engine to
power threshing machines or water pumps. This multifunctionality is often
an important condition for achieving profitable utilization rates for tractors.
The hiring services that can be widely disseminated among many farmers in
Asian developing countries are strongly associated with the multifunctionality
of tractor use, especially in the early stage of mechanization (Diao et al. 2014).
In Bangladesh, for example, it was the removal of import restrictions on small,
cheap, diesel engines from China that first led to the rapid development of
mechanized small-scale irrigation. When the restrictions on Chinese-made
power tillers were lifted later, they were immediately used to power shallow
tubewells for irrigation. Researchers argue that the synergy between power
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tillers and irrigation led to the rapid mechanization in Bangladesh (Biggs and
Justice 2015).

However, in many parts of Ghana irrigation options are limited by lack of
suitable and affordable small-scale irrigation technology and limited knowl-
edge of how to utilize available water resources such as ponds, creeks, and shal-
low water resources for irrigation. This lack of technology and information
significantly restricts opportunities for utilizing a tractor’s power. Another
common use of tractors is transportation. When Asian countries started to
adopt power tillers for land preparation, the machinery was also the lowest-
cost transport equipment available in rural areas. While farmers in Ghana
have started to use tractors as engines for maize threshing machines and occa-
sionally for carting crops from the field, motorized tricycles (both imported
and locally assembled) are currently much more popular for transporting
goods and people; they also cost less and use less energy than most large trac-
tors. As a result, tractor use is largely limited to plowing. The survey shows
that 90 percent of the revenues generated from tractor service provision in
Ghana are from plowing services (Houssou et al. 2013). In addition, lack of
knowledge of good practices for land preparation in areas without a tradition
of animal traction further limits tractor use. Ghanaian farmers often prefer a
one-time plowing and are reluctant to pay additional fees for a second plowing
or for leveling and harrowing, which are common practices in East African
areas with animal traction. The survey shows that only a fraction of tractors
was used for second plowing or for harrowing, although the attachments for
harrowing are imported by the government at subsidized prices.

Ghana’s Agricultural Mechanization Services Enterprise Center
(AMSEC) Program

The existence of market failures leads to the government’s concern that
supply-side issues may be constraining mechanization uptake, especially
among smaller farms. With this in mind, in 2007 the government started

to directly engage in the importation and subsidization of tractors and has
established about 90 Agricultural Mechanization Services Enterprise Centers
(AMSEC:s) around the country (Diao et al. 2014). While the intention of such
a government program is to address market failures, the analysis below indi-
cates that the AMSEC model has not overcome the market failures discussed
above; in fact, such state-supported professional hiring services make less effi-
cient use of tractors than do nonsubsidized farmer-to-farmer hiring services
(Oluka 2000; Kienzle, Ashburner, and Sims 2013; Takeshima et al. 2015).
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STATE-INFLUENCED TRACTOR IMPORTS

The main source of funding for AMSEC is through concessional loans
received by the government, primarily from various emerging economies such
as Brazil, China, and India. Such concessional loan agreements require that
Ghana imports tractors from the lending country. Therefore, different loan
agreements have brought in different brands of tractors from different coun-
tries. In theory, the government does not directly import any tractors, but uses
private agents to act on its behalf. However, the government selects the pri-
vate agents and they have no say over the type of machinery to be imported

or ability to negotiate prices, both of which are determined as part of the loan
agreements. The import of Farmtrac tractors is a good example of this pro-
cess and its problems. After receiving a concessional loan for tractor imports
in 2007 and 2008 from the Export-Import Bank of India, the government
selected a local company as its import agent. The company imported 500
Farmtrac tractors from India in 2007 and 2008, but had no say in the selec-
tion of the Farmtrac brand, the tractor models chosen, or the import prices.
Expecting their business to continue with the government, the company con-
structed a large warchouse and built up stocks of spare parts with its own
money. However, in 2009 the government entered into a new concessional
loan arrangement with the Indian government to import John Deere machin-
ery manufactured in India and a new local company was selected as the gov-
ernment’s importing agent. This undercut the company importing Farmtrac
tractors; not only could they no longer import subsidized tractors from India,
but their own investment in building up a stock of spare parts was deval-

ued. Similar one-time arrangements have been made recently for importing
Mahindra tractors from India and other brands from China, Brazil, and other
countries.

In discussing the market failures that lead to the lack of small-scale engines
for agricultural machinery suitable for African conditions in the previous sub-
section, we pointed out that additional R&D investment in designing smaller
engines for locally-appropriate equipment appears necessary. The manufac-
turers in tractor-exporting countries have the best capacity for such R&D
and may be able to develop smaller products and new technology suitable for
Ghana. However, such investment will not be attractive if the current brands
and models can be easily sold to Ghana through the concessional loan agree-
ments between Ghanaian and donor country governments. In fact, instead
of mitigating this market failure, importation under the current concessional
loan agreement discourages the incentives for the private sector in donor
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countries to conduct R&D investment, which is necessary for developing
affordable and suitable small tractors for Ghana and other countries in Africa.

GOVERNMENT-SELECTED “PRIVATE” ENTITIES AS AMSECS

In order to avoid direct government management of mechanization services,
private agents are selected by the government to own and operate the machin-
ery services centers. The first group of 12 AMSECs was established between
2007-2008 and each center was given a package of seven tractors with basic
attachments by the government. The centers paid only 20 percent of the
already-subsidized price of the tractors, with the outstanding amount to be
paid off over four years without interest. A further 77 AMSECs were estab-
lished in 2009-2010 through a similar process and under the same financing
arrangement. Given that the subsidized tractor prices are well below market
prices to begin with, the generous financial arrangements seemingly make
AMSEC:s a lucrative and attractive business and the government has not had
any difficulties in attracting applicants. In fact, there have been so many appli-
cants that the government has had to turn most down; however, the criteria
for selection are not given. This raises concerns about possible rent-seeking
behavior. Obviously, the establishment of the AMSECs through this less than
transparent process is not only unlikely to overcome the market failures dis-
cussed above, but also risks creating a government failure and distorting the
mechanization services market.

DIFFICULTIES WITH THE SPECIALIZED TRACTOR SERVICES

The AMSECs were designed to provide specialized tractor services to the
local market without adequate consideration of whether this is would be prof-
itable. Unfortunately, it turned out that many AMSECs were not profitable
and have defaulted on their debt repayments, leaving the government responsi-
ble for the repayment of concessional loans.

Houssou et al. (2013a) have demonstrated why tractor hiring alone is not
profitable for many AMSECs. Based on subsidized tractor prices, actual oper-
ational costs in Ghana, and an assumed 10 percent capital depreciation rate,
they calculate that a minimum of 287 ha must be plowed per tractor in order
for the net profit from plowing services to be comparable to the interest carn-
ings from a similarly-sized savings deposit in a bank account—a necessary
condition for tractor renting to break even. Using survey data, Houssou et al.
(2013a) show that few AMSECs plow sufficient acreages to be profitable. An
important reason is that the plowing season is too short to enable tractors to
plow larger acreages within the localities that each AMSEC serves. The plow-
ing season is as short for the farmers as it is for tractor owners. The low price
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of secondhand tractors owned by farmers is just one reason that they make

a potentially profitable investment, but for a medium-scale farmer the total
returns to investment include not only preparing their own land, but also reve-
nues earned from providing hiring services.

One way to increase the utilization of tractors is through seasonal migra-
tion to different regions with complementary plowing seasons. South Ghana,
for example, has two cropping seasons while the north has one; this dif-
ference could in theory be exploited by mobile tractor service providers to
increase the number of operational days per tractor (Houssou et al. 2013a).

In practice, there is little evidence of any of the AMSECs attempting to be
regionally mobile, although there is evidence that some private tractor owners
are doing so.

Another possible way to make AMSECs more profitable would be for
them to diversify beyond plowing and offer a wider range of mechanization
services. As discussed above, limited options for using tractors for multiple
purposes is also a constraint for the private sector’s investment in tractors. The
survey by Benin et al. (2012) showed that AMSECs did not do better. In 2010,
only 38 of 136 surveyed machinery services firms provided services other than
plowing, and even these firms still got 80-90 percent of their revenue from
plowing. As discussed, the lack of knowledge of good land preparation prac-
tices in areas without a tradition of animal traction limits tractor use. So far
there has not been much demand for additional services in Ghana; farmers
often prefer one-time plowingand are reluctant to pay additional fees for a sec-
ond plowing or for leveling and harrowing, which are a common practice in
areas of East Africa with animal traction. There is a role for the government
to play in addressing this knowledge gap, but AMSECs do not currently seem
to have better capacity to do this than individual farmers providing hiring ser-
vices or private importers, both of whom have more experience in this busi-
ness. Furthermore, experience in some other countries has shown that demand
for mechanized services other than plowing typically develops in parallel with
innovation in the design and adaptation of other kinds of tractor implements
and machines tailored to the niche needs of specific groups of farmers or local-
ities (Diao et al. 2014). This kind of innovation is much more likely to arise in
the private sector than with the government-sponsored AMSEC:s.

Conclusions
Ghana’s farming systems have undergone significant changes in the last
30 years, which have led to a growing demand for mechanization. So far, the
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demand has been primarily for tractor plowing and this need is being met by
parallel supply systems: the heavily subsidized, state-interventionist AMSEC
program; and a well-developed, private-sector supply chain of importers,
machinery service contractors (mostly farmers), and repair and maintenance
shops. There are market failures that have led to inadequate supply responses
to the demand of small farmers for mechanization. The AMSEC model
recently promoted by the government has not overcome such market fail-
ures, and does not seem to be viable in its present form. Continuation of the
AMSEC program in its present form will only add to the financial burden
on the government and possibly foster rent-seecking behavior among govern-
ment-selected agents who import tractors or run the AMSECs. Rethinking
the role of government in facilitating the supply response of mechanization
leads to the following policy recommendations:

+ Instead of promoting the government-sponsored AMSEC model in
Ghana, attention should switch to the private sector—led supply chain,
and in this regard, the farmer-to-farmer tractor hiring services merit more
assessments to better understand the broad support needed from gov-
ernment for their further development. These recommendations are in
line with experiences described in many of the Asian chapters, in which
informal-sector, farmer-to-farmer tractor hiring services have been the
driving force, rather than government-designed schemes.

¢ Research and development focusing on affordable and smaller agricul-

tural machinery suitable for Africa’s local conditions should be an import-
ant component of agricultural technological innovation programs for the
government and development partners. The R&D activities that aim to
generate knowledge of the benefits of different types of mechanized tech-
nologies can be jointly conducted with researchers from other countries.
Regulatory policies in testing, certification, and licensing of different types
of machinery need to be revisited to effectively mitigate information asym-
metries without substantially raising the costs of machinery.

+ Agreements with donor-country governments’ concessional loan arrange-
ments should pay more attention to the suitability and affordability of dif-
ferent types of agricultural machinery. Both the Ghanaian government
and donor countries’ governments can facilitate technological development
and knowledge transfer under such agreements and promote smaller-scale
engines of agricultural machinery suitable for local conditions. This can
be done through collaboration and partnership between technicians,
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engineers, and other experts from donor countries with counterparts in
Ghana, including tractor users and importers.

Reform subsidies by avoiding arbitrary selection of recipients and types

of subsidized machinery and increasing transparency to eliminate rent-
secking behavior. Several of the Asian chapters described how subsidies
have often been less distorting if they are applied to a wide range of equip-
ment regardless of brands, while simultaneously reducing the rates of sub-
sidies has avoided fiscal burden. The effectiveness (or lack thereof) of
different modalities of temporary subsidies, including direct subsidies to
farmers and interest rates rather than price subsidies, should be thoroughly
analyzed.

Encourage private financial institutions’ agricultural machinery lend-

ing. Also, within the current land tenure system, experiment with for-

mal land use rights that would allow land to be used as collateral for loans,
as described in the Myanmar chapter. Through broad engagements with
the private sector on both the demand and supply sides of private financ-
ing, explore any practical approach, with necessary government support,
and promote the financial market development in agricultural machin-
ery investment.

Experiment with conservation farming with minimum tillage require-
ments tailored to local conditions. While there are opportunities for tech-
nological leapfrogging in some areas of Ghana, substantial R&D is needed,
from data collection and analysis of detailed soil maps to location-specific
recommendations for proper practices.

Government should encourage engineering departments in universities
and polytechnics to provide technical support for design or adaption of
more simple machinery suitable for local conditions, as has been done in
several Asian countries including India, Sri Lanka, and Thailand. While
local fabrication exists in Ghana for simple machines, like other small
businesses in the country, these small firms operate on their own with-

out financial or technical support from the government. Government can
facilitate collaboration with experts on small agricultural machinery from
other developing and developed countries and encourage them to engage in
knowledge and suitable technological transfers from abroad to Ghana.

Low-cost outreach courses for mechanics and tractor owners in rural
areas to improve their knowledge of tractors and other machinery and
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repair skills could be considered as part of training programs supported by
donors and provided by local or international technical institutes.
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