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ABSTRACT 

This paper assesses whether tractor investment is a rational and profitable decision for farmers using firm 

investment theory and tractor owner survey data collected in 2013. Under erratic rainfalls, timeliness of 

farming operations is critical for farmers. Based on the hypothesis that owning a tractor and hiring tractor 

services are not necessarily perfect substitutes for farmers with relatively large farm sizes, this paper 

assesses whether mechanization services can be profitable for the private sector in Ghana. It particularly 

addresses whether farmer-to-farmer service provision is a viable alternative to current programs, which 

should be promoted by policymakers for scaling up agricultural mechanization in the country. 

This paper suggests that owning a tractor for service provision alone, as in the Agricultural 

Mechanization Service Enterprise Center (AMSEC) model, is unlikely to be viable. On the other hand, 

service provision is profitable for numerous tractor-owning farmers when timeliness benefits which they 

derive from tractor use on own farms are taken into consideration, although these benefits are not always 

observable. Alternatively, using tractors to provide maize-shelling services has helped owners overcome 

the seasonal constraints on tractor use. Private operations of tractor-owning farmers suggest that AMSECs 

could be viable if they extend the range of services offered to smallholders to include services such as 

maize shelling and productivity-enhancing land preparation techniques. Increasing the efficiency of 

public interventions on the use of farm machines can enable the private sector to scale up agricultural 

mechanization within the short to medium term, leading to the development of the service rental market 

for the benefit of smallholder farmers in the country. 

Keywords:  agricultural mechanization, tractor service market, firm investment theory, timeliness, 

Ghana 
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1.  INTRODUCTION 

A long-standing discussion in the literature is the role that farm power—whether human, draft, or engine 

powered—plays in agricultural development and growth (Boserup 1965; Pingali, Bigot, and Binswanger 

1987). Changes in the composition of farm power have enabled agricultural productivity to be maintained 

or increased in response to changes in the availability of land and labor for agricultural production 

(Binswanger and Ruttan 1978). Inadequate farm power supply can affect agricultural productivity growth 

and national food supply. 

With rising agricultural labor shortage as an outcome of rural–urban migration and increasing 

labor demand from nonfarm sectors in the rural areas, Ghanaian farmers are under increasing pressure to 

secure alternative power sources to meet their growing energy needs during the farming seasons (Diao et 

al. 2014). In 2007, the government of Ghana resumed support for mechanization to trigger a turnaround in 

the agricultural sector, which is essentially characterized by low productivity and a low level of 

mechanization. This support has mainly taken the form of the provision of subsidized tractors to farmers 

and the promotion of specialized Agricultural Mechanization Service Enterprise Centers known as 

AMSECs (Benin et al. 2012). Along with the government’s intervention to promote agricultural 

mechanization, a vibrant private market of agricultural machines has quietly developed in parallel (Diao 

et al. 2014). This market is essentially dominated by the importation of used tractors into the country. 

Previous research suggests that tractor underutilization is the most important constraint to the 

profitability of specialized agricultural mechanization service provision (Houssou et al. 2013). The model 

would not be viable even under subsidies. Drawing from successful lessons in Asia, Diao et al. (2014) 

emphasize the promotion of alternative models of tractor service provision in which farmers own the 

machines and provide services to other farmers. Indeed, Ghanaian farmers have on their own overcome 

farm labor bottlenecks. A recent survey conducted by the International Food Policy Research Institute and 

Savanna Agricultural Research Institute (IFPRI/SARI 2013) suggests significant investments in tractors 

by farmers particularly in recent years in a few districts in northern part of Ghana. About 80 percent of 

owners surveyed reported having acquired their tractors less than five years ago. The number of tractor 

owners in the survey districts ranges from 6 to 180, while the land area per tractor varies from 198 to 

2,976 hectares per tractor in 2012. 

Owning a tractor is a big investment decision because such an investment will tie up fixed capital 

for a long period of time. This paper assesses whether tractor investment is profitable among farmers who 

invest in machines to mechanize their operations and offer services to other farmers. The methodology 

used in this paper is similar to Houssou et al. (2013), with a significant extension to consider the benefits 

conferred by timeliness of farming operations as well as increasing tractor use through maize-shelling 

service provision. Using firm investment theory and survey data, we examine the intertemporal 

profitability of tractor investment among Ghanaian farming households. The firm investment model is 

tested using data from a 2013 household survey, which covers tractor-owning farmers in the northern and 

transitional zones of Ghana. The survey pays particular attention to farmer-to-farmer hiring service 

provision, which allows the paper to compare this model with the specialized AMSEC model. We then 

consider an alternative business model, which combines the provision of both plowing and maize-shelling 

services. The analysis has also been based on the assumption that owning a tractor and hiring tractor 

services are not perfect substitutes for the farmer. Owning a tractor can confer substantial timeliness 

benefits over accessing tractor services from the rental market, particularly when farm size is large and 

service rental market is not always reliable. For crop production under rainfed conditions, timeliness is 

critical for medium- and large-scale farmers, a fact that supports the imperfect substitution assumption of 

the analysis. 
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Findings suggest that most medium- and large-scale farmers find their tractor investment 

profitable. In addition to mechanizing their own operations, they offer services. Moreover, these farmers 

can benefit considerably from timeliness of farm operations on their own farms. However, timeliness 

benefits are potential and not observed. Private farmers shell maize in addition to plowing fields. 

Operations apart from plowing and timeliness benefits increase their profits and reduce their break-even 

points. These private operations suggest that AMSECs could also become available if they offer more 

services.  

The remainder of this paper is organized as follows: Section 2 discusses the benefits of owning 

versus hiring a tractor, whereas Section 3 offers a general model of service provision under a perfect 

market. Section 4 extends the model to account for timeliness risks under an imperfect service market and 

Section 5 presents the data. Section 6 briefly assesses the scale of service provision among tractor-owning 

farmers, whereas Section 7 discusses the main findings of the paper. Section 8 analyzes the sensitivity of 

the results to change in assumptions, and Section 9 ends the work with some concluding remarks. 
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2.  OWNING VERSUS HIRING A TRACTOR ON THE SERVICE MARKET 

To mechanize operations, a farmer can invest in a machine (either individually or in a group) or hire the 

services from the market. However, owning a machine and hiring services are not necessarily perfect 

substitutes. By owning a tractor, a farmer has more control over timeliness of operations and the quality 

of land preparation done on his own farm. In addition, the tractor can be used to transport farm inputs, 

farm laborers, and produce from or to markets. Farmers operating on relatively large farms may invest in 

tractors and other machines to reduce labor management, discipline, and supervision costs in addition to 

lowering costs of operations (Binswanger 1978). Thus, machinery ownership is often a less expensive 

choice in the long run, especially for large-scale farmers (Edwards 2009). However, given the high capital 

investment requirement, if other more profitable uses of a farmer’s own investment fund exist, it is more 

preferable for a farmer to hire instead of to own a tractor. 

When hiring tractor services, farmers have to consider whether they will get the services on time 

and whether this will affect normal farming activities; that is, without a fully developed and perfect 

service hiring market, a risk of delay exists for farmers who depend on this market. On the plus side, 

tractor hiring has several advantages over owning a tractor: access to a tractor without assuming any 

responsibility for operating or incurring tractor maintenance costs, no long-term capital commitment 

(loan) in the tractor, and others (Edwards 2009). On the minus side, relying on tractor hiring can be 

problematic because of possibly unpredictable changes in service charges due to an uncompetitive 

market, limited control on service quality, and more importantly, low control over timeliness as the 

operator or owner may not get to the farm exactly when desired or during the optimum time for the crops 

(because of high demand or scheduling problems). Farmers may face timeliness problems due to shortage 

of tractor operators, irregular supply of fuel, frequent breakdowns of tractors, and shortage of spare parts 

(Akinola 1986). For example, a survey by Nakamura (2013) in a few communities in the Northern region 

suggests that most farmers had to wait until the second and third weeks after the first rains to access 

mechanization services. Likewise, IFPRI/SARI (2013) survey that show that farmers waited for five days 

on average to access tractor services. 

Agricultural operations are time dependent anywhere in the world. Availability of farm power 

supply at the right time is one of key factors to successful farming. Untimely access to farm power can 

lead to considerable crop yield losses (Figure 2.1).  

Figure 2.1 Yield loss as function of crop establishment dates 

 
Source:  Adapted from Gunnarsson (2008). 
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Accessing a tractor on the market can therefore lead to delays of critical farm operations and may 

cause major crop losses from late planting or late harvesting, among other issues. Thus, in addition to the 

face value of service charge paid by the farmer, the risk premium of hiring a tractor can be treated as a 

hidden cost, which includes the cost of searching, such as to find a service provider, and possible crop 

losses due to delayed service provision. Of course, farmers can exercise other options to minimize these 

losses in the absence of a tractor. These include zero tillage technique, herbicide use, cultivation of less 

land area (with hand tools), or switching to crops that do not require plowing. However, use of these 

options implies reducing farming scale, especially for medium- and large-scale farmers. 
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3.  GENERAL MODEL OF MECHANIZATION SERVICE PROVISION UNDER A 
PERFECT SERVICE MARKET 

To model investments in agricultural mechanization services, first we follow Houssou et al. (2013), who 

adopted a modified version of the firm investment theory described in Diao, Yeldan, and Roe (1998) and 

in Barro and Sala-i-Martin (1995). This model completely ignores the risk factor that influences 

investment decision, that is, timeliness-related risk. Mechanization service provision is considered a 

business run by a firm. The firm’s goal is to maximize its intertemporal net profit π, taking existing 

service provision technology; market prices for service provision, fuel, and other inputs; and labor wage 

rates as given. The firm will invest in a tractor only when the returns to such investment are higher than 

the returns from alternative investments, such as a savings account. This comparison is critical, as 

investing in a tractor is riskier than saving in a bank. If the capital is convertible, that is, if the money 

invested in a tractor can be taken back easily by selling the tractor, such investment has little risk for the 

investor. We assume that this is the case—the tractor owner can easily sell his or her used tractor without 

any risk on the used tractor market, which does exist in the country. Furthermore, we did not consider 

inflation in the discount and interest rates. We also assume that both rates are constant over time to 

simplify the model. Since a credit market for financing the tractor purchase does not exist in the country, 

we assume that the investor invests its own money instead of borrowing. Indeed, the IFPRI/SARI survey 

(2013) shows that 87 percent of the tractors were purchased with personal savings and only 2 percent with 

some loans. 

In Ghana, market-based lending rates are much higher than the savings rates of 7 percent used in 

the model. In the absence of data on the opportunity cost of capital, we use this savings interest rate. Such 

a low savings interest rate (compared with the market lending rate) increases the profitability of investing 

in a tractor and makes returns attractive because the alternative is not all that strong. As shown later in our 

analysis, increasing this rate did not affect our conclusions. We assume that a tractor lasts for 10 years. 

With annual maintenance, productivity does not decline as the tractor ages. After 10 years, the old tractor 

will be replaced by a new one, the cost of which is covered by the accumulated depreciation as part of the 

investment profit. To simplify the issue, we further assume that the firm will always purchase the same 

tractor at the same price—that is, we ignore the possibility that the firm may grow through increased 

capital accumulation. 

Mathematically, this firm’s investment decision in any one 10-year period can be modeled as 

maximizing the value of the following equation: 

 𝜋 =  ∑ 𝑅𝑡
10
𝑡=1 𝐺𝑡 − 𝐼,  (1) 

 𝑅𝑡 =
1

(1+𝑟)𝑡 , (2) 

where π is the total discounted net profit over 10 years, 𝑅𝑡 is the annual discount factor, 𝑟 is the annual 

savings interest rate, and 𝐼 is the actual tractor cost paid by the firm initially, assuming that the firm 

invests its own money and ignoring the cost of borrowing. 𝐺𝑡  is the gross margin for the firm (that is, 

annual service provision revenue minus variable costs). 

Plowing and Related Services (Pre-harvest Operations) 

With plowing services only, the gross margin in year t can be estimated as follows: 

 𝐺𝑡  = 𝑃 ∗ 𝐴𝑡 − 𝐴𝑡(𝐹 + 𝐿) − 𝑀, (3) 

where 𝑃 is the market-determined plowing service charge per acre, 𝐴𝑡 is the acreage plowed, 𝐹 represents 

the fuel and lubricant costs per acre, 𝐿 represents the labor costs per acre, and M represents the 
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maintenance and repair costs, including other fixed operating costs per year. P, F, L, and M are assumed 

to be constant over time. 

Although Equation (1) defines π for only one investment cycle (10 years), we assume that the 

firm will reinvest in the same type of tractor and that the investment cycle will restart at the end of each 

cycle so that the business is sustained in a natural fashion. Thus, the intertemporal decision for this firm 

can be analyzed as an infinite time-horizon problem, which allows us to ignore termination issues for this 

firm. Solving this intertemporal profit maximization problem by taking into consideration capital 

depreciation yields the following nonarbitrage condition: 

 𝐺 − 𝛿𝐼 = 𝑟𝐼, (4) 

where 𝛿 is the capital depreciation rate. Equation (4) indicates that the nonarbitrage condition requires 

that the gross margin G minus the annual depreciation cost of the tractor investment must equal the 

interest earned from saving the same capital at a bank. At this equilibrium point, the investor is indifferent 

between investing in a tractor and saving. Given that after the investment in the tractor is made, the firm 

cannot sell it and save the capital, Equation (4) needs to hold over the entire time horizon of 10 years, 

although it may not hold in each of the 10 years. To simplify the analysis, however, we assume that A1 = 

A2 = … = A10 and 𝛿 and r are constant, so that Equation (4) holds for each year. In other words, to make 

tractor investment more attractive than simply earning annual interest from savings, the profits from 

tractor service provision minus tractor annual depreciation cost must be higher than the returns (interest) 

from saving the capital (tractor investment cost) at a bank in each year. 

Let N = G − (r + 𝛿)I define the annual net profit from investing in a tractor—that is, the profit 

minus the interest earned from saving the capital. Substituting the right-hand side of Equation (3) for G 

yields 

 𝑁 = 𝑃 ∗ 𝐴 − 𝐴(𝐹 + 𝐿) − 𝑀 − (𝑟 + 𝛿)𝐼. (5) 

Given P, F, L, M, r, and 𝛿, the net profit N depends on two key factors: the acreage plowed, A, 

and the initial investment, I. For convenience reasons, we rewrite Equation (5) as follows: 

 𝑁𝑝 = 𝑃𝑝 ∗ 𝐴𝑝 − 𝐴𝑝(𝐹𝑝 + 𝐿𝑝) − 𝑀𝑝 − (𝑟 + 𝛿𝑇)𝐼𝑇 , (6) 

where 𝑁𝑝 is the net profit from providing plowing services, 𝑃𝑝 is the market-determined plowing service 

charge per acre, 𝐴𝑝 is the number of acres plowed, 𝐹𝑝 represents the fuel and lubricant costs per acre, 𝐿𝑝 

represents the labor costs per acre, and 𝑀𝑝 represents the maintenance and repair costs, including other 

fixed operating costs per year. 𝛿𝑇 is the tractor depreciation and 𝐼𝑇 is the initial tractor investment cost. 

Extension to Harvest and Post-harvest Services 

Given the possibility to use a tractor for shelling1 during harvest and postharvest time, we consider an 

extension of the services provided by a tractor owner to maize shelling. To provide maize-shelling 

services, a tractor owner would need to acquire a tractor-mounted maize sheller. The owner will also 

incur fuel, lubricant, and labor costs to provide such a service. We assume that a maize sheller lasts only 

five years, based on field data. After that period, the sheller will need to be replaced using the 

accumulated depreciation in the same fashion as the tractor and plow investment described above. To 

consider maize-shelling services, we add a tractor-mounted maize sheller to the initial capital investment 

required in Equation (6), as well as the charges and revenue pertaining to providing maize-shelling 

services. The extended model takes the following form: 

                                                      
1 Maize shelling consists separating maize grains from the cob (and husk). 
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 𝑁𝑝𝑠 = 𝑃𝑝 ∗ 𝐴𝑝 − 𝐴𝑝(𝐹𝑝 + 𝐿𝑝) − 𝑀𝑝 − (𝑟 + 𝛿𝑇)𝐼𝑇 + 𝑃𝑠 ∗ 𝐴𝑠 − 𝐴𝑠(𝐹𝑠 + 𝐿𝑠) − 𝑀𝑠 − (𝑟 + 𝛿𝑆)𝐼𝑆, (7) 

where 𝑁𝑝𝑠 is the net profit from plowing and maize-shelling service provision. 𝑃𝑠 is the market-

determined shelling service charge per maxi bag, 𝐴𝑠 is the number of maize bags shelled, 𝐹𝑠 represents 

fuel and lubricant costs per bag shelled, 𝐿𝑠 represents the labor costs per bag shelled, and 𝑀𝑠 represents 

sheller maintenance and repair costs, including other fixed operating costs per year. 𝛿𝑆 is the maize sheller 

depreciation and 𝐼𝑆 is the initial maize sheller investment cost. Like with the tractor, 𝑃𝑠, 𝐹𝑠, 𝐿𝑠, and 𝑀𝑠 are 

assumed to be constant over time. 

To estimate a uniform model including both plowing and shelling services, we converted a maxi 

bag of shelled maize into equivalent number of acres based on average crop yield per acre. In other 

words, an acre plowed and harvested is equivalent to x number of shelled maxi bags of maize. That way, 

maize-shelling service charges and fuel costs can be introduced in the model on a per acre basis. Shelling 

service charge, labor cost, and fuel cost per acre will amount to x𝑃𝑠, x𝐿𝑠, and x𝐹𝑠, respectively. Equation 

(7) can then be rewritten as follows: 

𝑁𝑝𝑠 = 𝑃𝑝 ∗ 𝐴𝑝 − 𝐴𝑝(𝐹𝑝 + 𝐿𝑝) − 𝑀𝑝 − (𝑟 + 𝛿𝑇)𝐼𝑇 + 𝑥𝑃𝑠 ∗ 𝐴𝑝 − 𝑥𝐴𝑝(𝐹𝑠 + 𝐿𝑠) − 𝑀𝑠 − (𝑟 + 𝛿𝑆)𝐼𝑆, (8) 

where x is the number of bags shelled per acre harvested or crop yield (in bags). 

Rearranging Equation (8) gives a general net profit equation as follows: 

𝑁𝑝𝑠 = (𝑃𝑝 + 𝑥𝑃𝑠) ∗ 𝐴𝑝 − 𝐴𝑝 [𝐹𝑝 + 𝐿𝑝 + 𝑥(𝐹𝑠 + 𝐿𝑠)] − (𝑀𝑝 + 𝑀𝑠) − [(𝑟 + 𝛿𝑇)𝐼𝑇 + (𝑟 + 𝛿𝑆)𝐼𝑆] (9) 
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4.  MECHANIZATION SERVICE PROVISION UNDER AN  
IMPERFECT SERVICE MARKET 

Given the likelihood of delays in accessing a tractor on the service market in Ghana, we assume potential 

timeliness risks and costs to hiring a tractor. This is especially true for time-bound farming operations 

(plowing, planting, weeding, fertilization, and so forth). Timeliness costs depend on several factors. We 

develop the argument using plowing operation as an example. For plowing, timeliness costs depend on 

the probability of plowing on time and the yield loss due to delay in plowing. For any farmers who hire 

plowing services, plowing on time depends not only on the likelihood of accessing a tractor any time of 

the year, but also on accessing the tractor during the right time, that is, during the plowing period in the 

year. Moreover, a small farmer has a higher chance of plowing on time compared with a large farmer if 

both farmers succeed in accessing a tractor only late in the plowing period because the latter would need 

more days to complete plowing and therefore may not be able to plow his entire farm within the plowing 

period. Of course, both farmers will plow on time if they manage to access the tractor early in the plowing 

period, and their farm size will no longer matter in that respect. However, this is rarely the case: Tractor 

service hirers get their farms plowed at different times spread over the plowing period because owners 

cannot attend to all farmers at the same time. 

Accessing a tractor during the plowing period is a necessary condition, but it is not sufficient to 

guarantee a timely plowing of a farm. Farm size does matter. Therefore, we consider the likelihood of 

plowing on time to be inversely proportional to farm size. The higher the farm size, the lower likelihood 

of plowing on time among tractor service seekers, and vice versa. In sum, the likelihood of plowing on 

time is a function of the likelihood of accessing a tractor during the plowing period and the farm size. On 

the other hand, larger farmers may have greater chances of attracting a service provider. 

The likelihood of accessing a tractor during the plowing period (say, in a district) is essentially a 

function of the number of tractors available on the rental market in the district, the number of farmers 

seeking to hire tractor-plowing services, and the number of plowing days in the season. We assume that 

merely having access to a tractor does not depend on farm size (that is, tractor service providers do not 

favor big farmers over small farmers2), that a farmer’s relationship with the tractor owner does not affect 

access to tractor services, and that no tractors are crossing from neighboring districts. The last assumption 

is particularly plausible in our case because the districts at hand host high numbers of tractors. 

For any non-tractor-owning farmer seeking tractor services, the likelihood of accessing a tractor 

during the plowing period can be formulated as follows: 

𝑃1 =
𝑁𝑇

𝑁𝐹
∗

𝑁𝑝1

𝑁𝑦
                                   (10) 

where 𝑃1 is the probability of accessing a tractor during the plowing period, 𝑁𝑇 is the number of tractors 

in the district, 𝑁𝐹 is the number of farmers seeking to hire tractor services (demand), 𝑁𝑝1 is the number of 

plowing days in the season, and 𝑁𝑦 is the number of days in the year. 

As discussed earlier, we introduce the inverse of the farm size in the estimation of the probability 

of plowing on time. Therefore, for any district and farm size, the probability of plowing on time can be 

estimated as follows: 

𝑃𝑎 = 𝑃1 ∗
1

𝐴𝑝
           (11) 

  

                                                      
2 This assumption is rather complex: Tractor owners do favor big farmers or large tracts of contiguous farmlands over small 

ones because this reduces transport costs between farms and the marginal cost per acre plowed. See, for example, the block farms 

(Benin et al. 2012). However, they also enjoy plowing for farming communities (group of small farms in the same community), 

whether their lands are in blocks or not. 
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Substituting 𝑃1in Equation (11) gives 

𝑃𝑎 =
𝑁𝑇

𝑁𝐹
∗

𝑁𝑝1

𝑁𝑦∗𝐴𝑝
                                   (12) 

where 𝑃𝑎 is the probability of plowing on time, 𝑁𝑝1 is the number of plowing days in the season, and 

𝐴𝑝 is the number of acres plowed or farm size. 

Assuming that delays in planting are due only to late plowing (or tardy access to a tractor), the 

yield losses from late planting can be fully attributed to delays in plowing, a frequent occurrence on the 

rental service market in Ghana. The total cost of yield loss from late plowing can therefore be estimated 

as follows: 

𝑌𝑙 = 𝐴𝑝 ∗ 𝐿 ∗ 𝑌𝑚 ∗ 𝑃𝑚                       (13) 

𝑌𝑙 is the total cost of maize yield lost due to late plowing, 𝐴𝑝 is the number of acres plowed, 𝐿 is the yield 

loss rate in percent, 𝑌𝑚 is the crop yield in kilograms per acre, 𝑃𝑚 is the crop price in Ghanaian cedis per 

kilogram. 

Since late plowing might or might not occur, any resultant yield loss must be associated with a 

probability; that is the probability of not plowing on time (1 − 𝑃𝑎). Hence, the costs of yield loss taking 

into consideration the probability of not plowing on time can be estimated based on Equations (12) and 

(13) as follows: 

𝑇𝑚 = 𝑌𝑙 ∗ (1 − 𝑃𝑎).     (14) 

Substituting the yield losses and the probability of plowing on time by their respective terms 

gives 

𝑇𝑚 = 𝐴𝑝 ∗ 𝐿 ∗ 𝑌𝑚 ∗ 𝑃𝑚 
(1 −

𝑁𝑇

𝑁𝐹
∗

𝑁𝑝1

𝑁𝑦∗𝐴𝑝
)                     (15) 

A further rearrangement of Equation (15) gives 

𝑇𝑚 = 𝐿 ∗ 𝑌𝑚 ∗ 𝑃𝑚 
(𝐴𝑝 −

𝑁𝑇

𝑁𝐹
∗

𝑁𝑝1

𝑁𝑦
).         (16) 

Equation (16) gives the timeliness costs of late plowing due to delay in accessing tractor services. 

These costs depend on the number of acres plowed on one’s own farm. The higher the number of acres 

plowed, the higher the timeliness costs of not owning a tractor. A farmer who owns a tractor will not 

encounter any late plowing and will save these costs. Therefore, the estimated timeliness costs are 

considered as timeliness benefits to owning a tractor. 

The total net profit 𝑁𝑛 for a farmer-owner can be estimated as the sum of the net profit from 

hiring out tractor services, including imputed use on own farm and timeliness benefits from owning a 

tractor. Summing up Equation (9) and Equation (16) gives 

𝑁𝑛 = 𝑁𝑝𝑠 + 𝑇𝑚          (17) 

Timeliness benefits are realized only on the owner’s farm, that is, for the first acre until he 

reaches the last acre he desires to plow on his farm. After the last acre, no timeliness benefits occur to the 

owner, as he provides tractor services only to other farmers. Accrued timeliness benefits from plowing 

become a constant in the model after the last acre plowed on the owner’s farm; therefore, the timeliness 

benefits, T can be calculated as follows: 

T= 𝐿 ∗ 𝑌𝑚 ∗ 𝑃𝑚 
(𝑎 −

𝑁𝑇

𝑁𝐹
∗

𝑁𝑝1

𝑁𝑦
)               (18) 
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where T is the accrued timeliness benefits from one’s own farm and 𝑎 is the number of acres plowed on 

one’s own farm. Therefore, the theoretical model takes two functional forms based on plowing or plowing 

and shelling on own farm and others’ farms (service provision) as follows: 

𝑁𝑛 = {
(𝑃𝑝 + 𝑥𝑃𝑠) ∗ 𝐴𝑝 − 𝐴𝑝 [𝐹𝑝 + 𝐿𝑝 + x(𝐹𝑠 + 𝐿𝑠)] − (𝑀𝑝 + 𝑀𝑠) − [(𝑟 + 𝛿𝑇)𝐼𝑇 + (𝑟 + 𝛿𝑆)𝐼𝑆] + 𝐿 ∗ 𝑌𝑚 ∗ 𝑃𝑚 

(𝐴𝑝 −
𝑁𝑇

𝑁𝐹
∗

𝑁𝑝1

𝑁𝑦
), 𝐴𝑝 ≤ 𝑎

(𝑃𝑝 + 𝑥𝑃𝑠) ∗ 𝐴𝑝 − 𝐴𝑝 [𝐹𝑝 + 𝐿𝑝 + x(𝐹𝑠 + 𝐿𝑠)] − (𝑀𝑝 + 𝑀𝑠) − [(𝑟 + 𝛿𝑇)𝐼𝑇 + (𝑟 + 𝛿𝑆)𝐼𝑆] + 𝐿 ∗ 𝑌𝑚 ∗ 𝑃𝑚 
(𝑎 −

𝑁𝑇

𝑁𝐹
∗

𝑁𝑝1

𝑁𝑦
),     𝐴𝑝 > 𝑎

    (19) 

In the theoretical model, 𝑎 is taken as the average number of acres plowed on one’s own farm 

among tractor owners. Graphically, the model based on Equation (19) has two sections: a first section 

showing net profitability on one’s own farm, and a second section of net profitability based on service 

provision. However, since the number of acres plowed on one’s own farm varies among owners, the point 

at which timeliness benefits end and service provision starts differs, resulting in different profitability 

paths for each owner. 

A note of caution: It is analytically permissible to consider a minimum acreage or threshold (say 

h) below which are no timeliness costs or risk to plowing on time, hence no timeliness benefits to owning 

a tractor. This can be justified by the fact that most small-scale farmers do not own a tractor but prefer to 

rely on the service rental market, apart from the credit constraints they face. Timeliness becomes critical 

when farm size, defined here as the number of acres plowed on one’s own farm, reaches a certain 

threshold. Timeliness benefits will start kicking in above the threshold, defined as the smallest acreage 

plowed among tractor owners. This assumption is plausible. Based on this, the net profit in Equation (17) 

will take three functional forms instead of two, and the resulting graphs can be divided into three sections:  

 First section: zero timeliness benefits (𝐴𝑝<h) 

 Second section: increasing timeliness benefits with number of acres plowed on own farm 

(𝐴𝑝 ≥h & 𝐴𝑝≤ 𝑎) 

 Third section: zero timeliness benefits, but increasing net profit from service provision 

(𝐴𝑝> 𝑎) 

In this analysis however, we assume that even the smallest farmer may incur some timeliness 

costs (that is, he will not always plow on time if he relies on the rental market), and hence he will gain 

some timeliness benefits if he owns a tractor. Thus, we refrain from introducing a threshold (h) in the 

model and stick with two functional forms as formulated in Equation (19). In sum, we model four 

scenarios: a) plowing only, b) plowing and shelling both under a perfect and an imperfect service market. 
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5.  CALIBRATING THE MODEL TO THE GHANAIAN SITUATION 

This research uses the 2013 IFPRI/SARI survey data, which targeted mostly medium- to large-scale 

farmers and tractor owners. The survey covers 1,843 farmers, including 408 tractor owners in eight 

districts of Ghana (see Table 5.1), and was aimed at characterizing the transition of smallholder farmers 

who have become medium- and large-scale commercial farmers, assessing agricultural machinery 

ownership and patterns of demand for agricultural mechanization among farmers in the country. Prior to 

implementing the survey, IFPRI team members completed training on the protection of human research 

subjects, and survey questionnaires were reviewed and approved by the IFPRI Institutional Review 

Board. Survey implementation was led by a team of IFPRI senior staff and SARI leadership who 

provided the survey enumerators. 

Table 5.1 Sampling of tractor owners by district 

 Total 
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Tractor owners— 
population 

711 172 6 50 178 180 27 13 85 

Survey sample 408 126 1 11 115 92 10 5 48 

Source:  IFPRI/SARI survey (2013). 

Tractor owners were randomly sampled using United States Agency for International 

Development (USAID)/Agricultural Development and Value Enhancement (ADVANCE) tractor census 

data (2013) for the northern districts, namely, Bawku Municipal, Gushiegu, Kassena Nankana East, 

Sissala East, and Yendi. In the southern districts, no tractor censuses were available, so we used instead 

tractor owner listing data provided by district agricultural offices to sample owners. In districts with fewer 

tractor owners, we included the whole population in the sample. Table 4.1 shows the number of tractor 

owners sampled by district. In total, about 60 percent of the tractor owners were included in the sample. 

In this paper, we focus on the four districts with the highest number of tractor owners: Ejura, Yendi, 

Gushiegu, and Sissala East. 

Using firm investment theory, survey data, and field-based assumptions on various costs, 

revenues, and tractor efficiency, we estimate the profitability of tractor investment among farmer-owners 

under different models of service provision. Since rainfall patterns, service prices, labor charges, and 

demand for and supply of mechanization services differ across locations, we estimated separate models 

for each of the survey districts. A number of research studies have estimated yield losses due to late 

sowing (Table 5.2). 

Table 5.2 Estimated maize yield loss from various experiments 

Authors Yield loss Period delay 

Fakorede (1985) 30–38 kg per day 

Osafo (1976) 32–44% two weeks 

Koli (1970) 40–55% two weeks 

Sallah et al. (1997) 30% two weeks 

FAO (2012) 1% per day 

Source:  Various authors, as cited above. 
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We calibrate Equations (9) and (19) using actual data and information for the set of parameters 

𝑃𝑝, 𝐹𝑝, 𝐿𝑝,  𝑀𝑝 , 𝑃𝑠, 𝐹𝑠, 𝐿𝑠,  𝑀𝑠, 𝑌𝑚, 𝑃𝑚, 𝑁𝑇 , 𝑁𝐹, 𝑁𝑝1, 𝑁𝑦. We assume that 𝛿𝑇 = 0.1, 𝛿𝑠 = 0.2, and r = .07, 𝐿 

= 0.3. Parameters were estimated using field data on costs, prices, number of tractors, number of farmers, 

tractor and sheller efficiency, as well as field experiment results on maize yield losses in Ghana’s 

agroecological zones. For 𝐼𝑇, we consider three tractor prices (and a new plow): a used tractor price, a 

nonsubsidized new tractor price, and a subsidized new tractor price similar to the price offered by the 

government. The main reason for considering a used tractor is that used tractor business has existed in 

Ghana for a long time, and demand for this type of tractor remains strong despite the government subsidy 

on new tractors (Diao et al. 2014). Pressure to reduce input costs for farm products has led to an active 

market of quality used machinery in Ghana. Most farmers own used tractors, which are much cheaper 

than new tractors, and they do not enjoy any government subsidy or financial-sector credit support. 

IFPRI/SARI survey data (2013) show that about 80 percent of the tractors owned by farmers were 

purchased used. For 𝐼𝑆, we consider the price of a new sheller manufactured on the local market. Tractor-

mounted shellers are manufactured and sold new in the country by local blacksmiths. Unlike tractors, 

shellers are not subsidized. Likewise, the country has no used sheller market. 



 

 

 13 

6.  TRACTOR OWNERSHIP AND FARMER-TO-FARMER SERVICE PROVISION 

The underdevelopment of the service hiring market in Ghana seems to be a driving force behind tractor 

investment among medium- and large-scale farmers in their quest to meet timeliness and overcome the 

labor bottlenecks caused by farm expansion. According to the 2013 IFPRI/SARI survey, Ghanaian 

farmers indicated that they were motivated by various factors when acquiring a tractor, including farm 

size expansion (51 percent), timeliness (22 percent), and service provision (22 percent). Due to labor 

shortage for land preparation and increased farming intensity, mechanized plowing becomes essential 

when farmers decide to expand their cultivated lands (Pingali, Bigot, and Binswanger 1987). When 

farmers become tractor owners and provide services to other farmers, the service supply starts to increase, 

and this leads to hiring service market development, an exact dynamic process observed in many Asian 

countries. In this research, we ignore this intertemporal general equilibrium effect of the decision to own a 

tractor on hiring service market development. 

Nearly all tractor owners provide mechanization services to other farmers, in addition to using 

their tractors on their own farms. Farmers demand various services, including plowing, shelling, and 

carting, but plowing is by far the most demanded service (Table 6.1). 

Table 6.1 Tractor use for various farming operations 

Operation 
Own use 
(owners) 

Hiring out 
(user-owners) 

Number of owners/users 402 375 
Tractor use by operation   

First plowing 89.8% 83.2% 

Second plowing 29.6% 20.0% 

Harrowing 16.2% 9.6% 

Shelling maize 24.1% 19.5% 

Carting 57.7% 36.0% 

Source:  Authors’ estimations based on IFPRI/SARI survey data (2013). 

Service provision is made possible because of the owner’s farm size. While the plowing periods 

spread over 45 days in the north and 60 days in the south, farmers with average farm size of 20 hectares 

(50 acres) usually need only about 5 days (that is, 8–11% of the plowing periods) to complete plowing on 

own farms with their tractors, leaving the rest of the time during the plowing season available for service 

provision. The second type of service demanded by many farmers is postharvest shelling service, which is 

often powered by a tractor. Such a demand provides tractor owners with another opportunity to increase 

the usage of their tractors by acquiring an additional but low-cost machine, that is, a locally produced 

tractor-mounted sheller to offer maize-shelling services to other farmers. This type of service provision 

has become highly profitable, a major condition for successful mechanization (FAO 2011). IFPRI/SARI 

survey data (2013) indicate that out of 375 farmers who used their tractors in 2012, 83 percent provided 

plowing services, 20 percent offered maize-shelling services, and 36 percent delivered carting services 

(Table 6.1). 

Providers in the mechanization service market are dominated by medium- and large-scale 

farmers, some of whom start to migrate to other regions with different rainfall zones and even to 

neighboring countries, such as Benin, Burkina Faso, and Togo to provide tractor services. IFPRI/SARI 

survey data (2013) show that 93 percent of the tractors (453 of 487 tractors) are owned by medium- and 

large-scale farmers. Owners plowed on average 403 acres for other farmers each year, which amounts to 

89 percent of the total area they plowed; plowing on their own land accounts for only 11 percent of 

plowing operation (IFPRI/SARI 2013).  
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7.  PROFITABILITY OF TRACTOR OWNERSHIP AMONG GHANAIAN FARMERS: 
EMPIRICAL ANALYSIS 

Mechanization Service Provision under a Perfect and an Imperfect Service Markets 

We discuss in this section the empirical results under the used tractor model for the four relevant 

scenarios: (1) plowing under a perfect service market (with no risk related to timeliness), (2) plowing and 

shelling under a perfect service market, (3) plowing under an imperfect service market (considering 

timeliness-related risks), and (4) plowing and shelling under an imperfect service market. Tables A.1–A.4 

in the Appendix summarize the main assumptions made regarding costs and revenues. In the theoretical 

models considered, we assume that the operational efficiency of the tractor or maize sheller is the same. 

Figure 7.1 illustrates the relationship between the numbers of acres plowed in each scenario and the net 

profit per tractor using Ejura district as an example. Illustrations for the remaining districts are presented 

in the Appendix in Figures A.1–A.3. 

Figure 7.1 Net profit from a used tractor-based mechanization service provision based on four 

scenarios under a perfect and an imperfect service market, Ejura district 

 
Source:  Authors’ estimations based on IFPRI/SARI survey data (2013).  

Note:  GHȼ 1.9 = US$1.00 in June 2012. 

With the exception of the timeliness scenarios, profitability is monotonically increasing with the 

number of acres plowed. The horizontal zero-profit line represents the nonarbitrage condition displayed in 

Equation (4). This line represents the equilibrium in which investing in a tractor yields the same return as 

saving the invested capital in a bank to earn interest. Below the equilibrium (or nonarbitrage) line, a 

farmer prefers to save at a bank, whereas above this line, he would acquire a tractor, and tractor 
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ownership can be a rational investment. The intersections between the scenario curves and the zero-profit 

line represent the equilibrium points or break-even points. These points show the minimum number of 

acres (and number of bags) that must be plowed or shelled for accumulated profits over 10 years 

(discounted by the interest rate on savings) to cover the investment cost of the tractor or maize sheller, 

accounting for depreciation. Plowing is a time-bound operation, but seasonal demarcations between north 

and south of Ghana offer the possibility for migration across rainfall zones. However, survey data indicate 

that, of the districts surveyed, only tractor owners in Ejura migrate to the northern regions to provide 

services. Houssou et al. (2013) indicate that the maximum number of acres that can be plowed by a tractor 

in the two seasons is 600 acres in the south of Ghana and 450 acres in the single major season in the north 

of the country (without cross-regional migration)3. Conversely, maize shelling is not a time-bound 

activity, and providers can shell for several months in the year. The daily tractor shelling capacity is 

estimated at 100 maxi bags of maize. 

The results, along with those in the Appendix in Figures A.1–A.3, suggest that the operational 

acreage or number of bags of shelled maize required to achieve profitability are district specific. This is 

due to differences in service charges and costs across districts. As shown in Figure 7.1, specialized 

plowing service delivery is likely to be profitable with a used tractor in Ejura district (in Ashanti region, 

south) because the break-even point (see Table 7.1) is lower than the limits allowed by the seasons in the 

district (that is, 600 acres). The same trend applies to Sissala East district in the Upper West region in the 

north (see Figure A.2 in the Appendix). Conversely, a used tractor is unlikely to be profitable in Gushiegu 

and Yendi under a specialized plowing service delivery model because the break-even points required to 

realize profitability in these two northern districts are more than 450 acres (see Figures A.1 and A.3 in the 

Appendix). These findings can be explained by the lower plowing service charges (about 19–31 percent 

lower) in Gushiegu and Yendi compared with Ejura and Sissala East districts (see Table A.4 in the 

Appendix). These results are consistent with Houssou et al. (2013) but contrast with findings from the 

West African Rice Development Association discussed by Pingali, Bigot, and Binswanger (1987), who 

suggest that in the 1960s, with an average of 300 acres in a season, tractor-hire services were profitable in 

northern Ghana. Such differences may have been driven by the much lower tractor prices and operating 

costs in the 1960s compared with those of 2012. Nonetheless, plowing service provision is likely to be 

profitable with cross-regional migration, irrespective of the tractor and district considered, because 

estimated break-even points are all lower than 1,050 acres, which is the maximum number of acres that 

can be plowed in both the north and south combined (Table 7.1). 

Table 7.1 Model break-even points by scenario of service provision 

Market type Scenarios 
Tractor type  
(plow/sheller) 

Investment 
costs (GHȼ) 

Break-even points (acres) by district 

Ejura Gushiegu 
Sissala 

East 
Yendi 

Perfect market 
(no timeliness 

risks) 

Plowing only 
Used  17,000 324 569 268 464 
Subsidized 20,085 347 610 287 497 
New tractor* 53,000 593 1,043 490 850 

Plowing and 
shelling 

Used 21,000 205 274 133 284 
Subsidized 24,085 218 292 141 303 
New tractor* 57,000 360 481 232 499 

Imperfect market 
(timeliness risks) 

Plowing only 
Used 17,000 161 171 33 223 
Subsidized 20,085 184 212 36 256 
New tractor* 53,000 430 645 61 609 

Plowing and 
shelling 

Used 21,000 112 101 32 151 
Subsidized 24,085 125 118 34 169 
New tractor* 57,000 266 307 56 365 

Source:  Authors’ estimations based on IFPRI/SARI survey data (2013).  

Note:  *Refers to unsubsidized new tractor. 

                                                      
3 These estimates were based on a tractor field capacity of 10 acres per day, for 60 effective plowing days in the south and 

45 days in the north. 
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A combination of plowing and shelling services suggests that providers can achieve profitability 

with acreages that are well below the seasonal limits if after harvesting they also shell on the farms they 

had plowed. For example, if a provider in Ejura district plows 205 acres of farmland in the plowing 

season and, in addition, shells about 1,169 maxi bags of maize (that is, the maize harvested on 205 acres) 

during harvesting time, he is likely to break even and realize profits. The same trend applies to the 

remaining districts (see Figures A.1–A.3 in the Appendix). 

Under both timeliness-related scenarios (that is, under an imperfect service market), the relevant 

graphs display two sections (Figure 7.1). The first section of the graphs exhibits a steeper slope with net 

profitability per acre rapidly increasing with the number of acres plowed or number of bags shelled. This 

section accounts for timeliness benefits, which increase with the number of acres plowed on tractor-

owners’ farms up to the last acre plowed. The second section of the graph starts when timeliness benefits 

end, that is, after the last acre plowed on own farms. Compared with the first section, the slope of the 

second section is less steep. The results based on plowing service provision under timeliness risks suggest 

that profitability is achievable among tractor owners at fairly low operational scales with a used tractor. 

The break-even points for the three tractor types (Table 7.1) show that this trend applies in all four 

districts, except for a nonsubsidized new tractor in Gushiegu and Yendi districts. The observed patterns 

suggest that after timeliness benefits are accounted for, used and subsidized tractor ownership can be a 

rational and profitable investment for owners. This fact may explain in part the increasing trend of tractor 

ownership observed among Ghanaian farmers in recent years. 

Finally, a combination of plowing and shelling services considering timeliness benefits suggests 

that tractor owners are likely to realize profits in all four districts, irrespective of the tractor considered 

(Table 7.1) as the operational acreages under this scenario are considerably lower than the limits allowed 

by the seasons and seasonality no longer constrains the profitability of mechanization services. 

Profitability of Mechanization Service Provision among Ghanaian Farmers 

In this section, we plot actual net profitability under the four scenarios against the model estimates. We 

illustrate this in four panels (Figure 7.2) using the Ejura district as an example. Each panel is divided into 

four zones: A, B, C, and D. These zones are delimited by the graphs and the zero-profit line, which 

illustrates the nonarbitrage condition in the farmer’s tractor-ownership decision. Zone A is characterized 

by an operational scale lower than the break-even point and negative investment profits (although 

operational profits are positive, that is, profits without considering tractor investment costs). On the other 

hand, Zone B is characterized by an operational scale lower than the break-even points but with positive 

net investment profits. An operational scale higher than the break-even point and negative investment 

profits characterizes Zone C. Finally, Zone D is defined by an operational scale higher than the break-

even points and positive investment profits. Figures A.4–A.6 in the Appendix display the scatter plots for 

the three remaining districts. Tables A.5–A.8 in the Appendix summarize the actual data by zones for the 

four districts. 
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Figure 7.2 Actual net profit from used tractor-based mechanization service provision showing four scenarios: Plowing only, plowing and 

shelling, plowing and risks, plowing and shelling and risks (Ejura district)  

 

Source:  Authors’ estimations based on IFPRI/SARI survey data (2013).  

Note: GHȼ = Ghanaian cedi. GHȼ 1.9 = US$1.00 in June 2012. 
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Under a perfect market (upper left panel of Figure 7.2), the model suggests that 75 percent of 

plowing service providers across the four districts (186 of 249 owners) operated at scales below the 

model’s break-even points. Of these providers, 60 percent (112 of 186) are located in Zone A across the 

districts, whereas 40 percent of them (74 of 186) are found in Zone B, which indicates that although they 

operated below the model’s break-even point, they actually made some positive net profits. What 

explains the difference between the model and actual results? This contrasting result can be explained by 

several factors such as (1) lower maintenance and tractor costs incurred by these owners as compared 

with the model estimates, and (2) 17 owners in Zone B reported no maintenance costs. Moreover, while 

the model assumes lubricant costs of 15 percent of fuel costs, none of the tractor owners across the 

districts reported incurring lubricant costs. Tables A.9 and A.10 in the Appendix summarize the main 

differences between the model and actual data given the scale of plowing and shelling services. 

Consistent with the model results, nearly all tractor owners operating above the break-even point 

across all four districts are located in Zone D, which is characterized by positive net profits. The results 

also show that a few farmers exceeded the seasonal plowing limits of 600 acres in the south and 450 

acres in the north of Ghana as a result of several factors, including plowing during nighttime hours, 

plowing on large tracts of contiguous or stump-free farmlands, cross-regional migration, and lesser 

downtimes during the plowing seasons. But overall, only 54 percent of the tractor owners actually made 

some profits under a specialized model of plowing service provision (Table 7.2), results that are 

consistent with Houssou et al. (2013). 

Table 7.2 Actual profit among owners who made positive net profits 

Service type 
Percent 
making 
profits 

Number of acres 
plowed 

Number of maxi 
bags shelled 

Average 
profit (GHȼ) 

Plowing only (n=249) 54 438.7 - 5,809 

Plowing and shelling (n=66) 76 423.5 1,496.4 8,030 

Plowing and risks (n=249) 83 338.9 - 7,761 

Plowing, shelling, and risks (n=66) 86 388.7 1,367.6 15,226 

Source:  Authors’ estimations based on IFPRI/SARI survey data (2013).  

Note:  *Refers to unsubsidized new tractor. 

With regard to the combination of plowing and shelling services (upper right panel of Figure 

7.2), 62 percent of providers (41 of 66) are located in Zone D across the four districts, while 23 percent 

(15 of 66) are in Zone A, and 14 percent (9 of 66) are unexpectedly in Zone B. As with plowing service 

provision, various factors explain this unexpected pattern. Nonetheless, the actual data indicate that 

overall, 76 percent of owners (50 of 66) made some positive net profits (Table 7.2). Moreover, net 

profitability among owners who combine plowing and shelling services increases by 38 percent (from 

5,809 to 8,030 Ghanaian cedis, GHȼ, on average) compared with providing plowing service only. These 

findings support the model results that extending tractor utilization through the provision of shelling 

services can make specialized agricultural mechanization service provision such as the AMSEC scheme 

viable. Indeed, our interviews in 2013 suggest that tractor owners are increasingly acquiring tractor-

mounted shellers to increase their tractor utilization rates and earn more income. This trend may have 

been facilitated by the fact that shelling is a stationary farm operation that requires less power and no 

plow and causes less breakdown on the tractor compared with plowing services. 

Under the risk scenario (considering timeliness), the overall results indicate that 61 percent of 

plowing providers (168 of 215) are located in Zone D, while 39 percent of them (47 of 215) are in Zone 

B. Unfortunately, even after considering their timeliness benefits, a few tractor owners (38) are located 

in Zone A across the four districts. A look into owners’ differences reveals that 36 percent of poor 

performers (below the zero-profit line) did not provide services in 2012. Likewise, owners below the 

zero-profit line plowed considerably lower numbers of acres on their own farms (22 acres compared with 
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51), earning lower timeliness benefits compared with those above the line. Additionally, these owners 

incurred more fuel costs (12 GHȼ per acre compared with 11) and higher tractor prices (19,000 GHȼ 

compared with 17,000). Trends in farm size also show that owners operating below the zero-profit line 

started farming with much smaller farm sizes and had, over the years, grown at much lower rates in 

terms of farming. 

The lower right panel of Figure 7.2 shows actual profitability taking into account timeliness 

benefits among providers who combine plowing and shelling services. Overall, the scatterplots reveal 

that 85 percent of these owners (60 of 66) had made substantial profits at fairly low operational plowing 

scales with higher tractor utilization rates through use for maize shelling. Of these providers, 90 percent 

(54 of 60) are located in Zone D across the four districts. Actual data show that overall, 83 percent of 

plowing service providers and 86 percent of plowing and shelling service providers made some positive 

net profits under the risk scenario (Table 7.2). Therefore, it is fair to say (based on both model estimates 

and actual data) that if all providers of plowing services and plowing and shelling services are able to 

operate at scales that most had operated in Zone D, tractor ownership is likely to be a rational and 

sustainable investment under the risk scenario. It is nonetheless important to mention that the analysis 

here put no value on other uses of tractors (agricultural and nonagricultural uses). Given the benefits that 

can be derived from these uses, tractor investment can occur even if the purely private net benefits are 

somewhat below the break-even point (Binswanger 1978). 
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8.  SENSITIVITY ANALYSIS AND POLICY SIMULATIONS 

Various risks can be associated with investing in a tractor for mechanization service provision. As 

mentioned earlier, if a used tractor cannot be easily sold on the market, investing in a tractor would be 

more risky than simply saving at a bank. Other risks that we did not consider in the estimated models are 

also associated with investing in a tractor; for example, service fees, fuel prices, and maintenance costs 

are exogenous factors to tractor owners, and their changes can negatively affect the returns to tractor 

services. Likewise, weather-related risks such as erratic rainfalls and floods can affect the number of 

plowing days and reduce service revenues. In our Ghanaian study, decreases in service fees are unlikely, 

and as observed during our field interviews, rises in fuel and other costs have been passed on to tractor 

service users because demand for mechanization services is high and supply is the major constraint to 

mechanization in the country (Diao et al. 2014). Nevertheless, we simulated the impact of a risk 

premium of 3 percent by increasing the interest rate to 10 percent. 

Furthermore, maintaining a stable exchange rate has been a major challenge for Ghanaian 

policymakers. Between June 2012 and June 2014, the value of the Ghana cedi relative to the US dollar 

has depreciated by 63 percent on the currency market (from GHȼ1.9 to GHȼ3.1 for US$1). Likewise, as 

part of the Economic Community of West African States (ECOWAS) integration framework, the 

Ghanaian government intends to implement an increase in import duty on agricultural machines by 5 

percent effective January 1, 2015 (ECOWAS 2006). Both new and used tractors are imported into 

Ghana, and therefore a huge decline in the Ghanaian currency as well as increase in import tariffs will 

increase tractor costs for potential owners and service providers and may affect future investments in 

agricultural mechanization in the country. We simulate both the effects of exchange rate depreciation 

and change in import tariff on profitability by increasing tractor price by 63 percent and 5 percent, 

respectively. 

These simulations result in higher break-even points (see Tables A.11–A.13 in the Appendix), 

but profitability is still achievable for tractor service providers. However, this requires increase 

operational plowing scales (through for example, migration of providers to a different rainfall zone)4, 

extension of tractor utilization during the postharvest period, or both. 

                                                      
4 With migration, providers can plow 1,050 acres in total in both rainfall zones. 
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9.  CONCLUDING REMARKS 

This paper assesses the economics of tractor ownership among farmers in Ghana. The research asserts 

that owning a tractor and hiring tractor services on the rental market are not perfect substitutes for 

farming households. Model and actual results suggest tractor service provision is profitable and has been 

lucrative for numerous tractor-owning farmers who, in addition to providing services, may derive 

potential timeliness benefits from tractor use on their own farms. This fact may explain the increasing 

trend of tractor ownership observed among Ghanaian farmers in recent years. Furthermore, the results 

here suggest that increasing tractor utilization through the provision of maize-shelling services has 

enabled farmers to lift the constraints posed by seasonality of preharvest operations and increase 

substantially the net profitability of tractor investment (by 38 percent). With fairly low operational 

plowing scales (about 200 acres on average), tractor owners can break even if they extend tractor 

utilization via use for maize shelling. 

The combination of plowing and maize-shelling services also offers a major avenue for 

sustaining the AMSEC program and increasing the efficiency of public interventions on mechanization. 

Given the proven profitability of tractor ownership among Ghanaian farmers, alleviating capital 

constraints on the tractor market is likely to increase private investments in agricultural machines. 

Likewise, the emergence of locally manufactured and affordable tractor-mounted maize shellers is likely 

to foster tractor ownership among medium-scale and large-scale farmers. If the right policies and 

incentives are put in place, the private sector can scale up agricultural mechanization within the short to 

medium term, leading to the development of the service rental market for the benefit of smallholder 

farmers in the country. 
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APPENDIX: SUPPLEMENTARY TABLES 

Table A.1 General assumptions 

 Assumptions 

Farmer or provider has a good knowledge of and experience in farming. 

There is demand for mechanization services, including maize-shelling services. 

Costs and revenues are assumed to be constant over the years. 

Plowing services are provided during both major seasons and the minor season in the south. 

Capital invested is generated from the farmer’s own fund; there is no lending. 

Interest rate on capital is 7 percent per year. 

Models 1. Specialized business: focus is on plowing service only. 

 2. Specialized business: combination of plowing and shelling service. 

 3. Farmer-owner uses tractor for plowing on own farm and provides plowing services. 

 4. Farmer-owner uses tractor for plowing and shelling on own farm and also provides 
both plowing and shelling services. 

Source:  Authors’ assumptions based on qualitative interviews and IFPRI/SARI survey data (2013). 

Table A.2 Model assumptions: Tractor and plow 

Number Components Assumption details 

1 

Three types: 

1 tractor and 
1 plow 

Type 1: Normal business model 

(2012 market prices, no subsidy) 
Massey Ferguson tractor and three-disc plow: 
GHȼ53,000 

Type: Subsidized model (33% 

subsidy on 2012 negotiated price) 
Massey Ferguson tractor and three-disc plow: 
GHȼ20,085 

Type 3: Used tractor Tractor and plow: GHȼ17,000 

2 Tractor field capacity 9.88 acres per day (4 hectares) 

3 Tractor lifetime (years) 10 years 

4 Plow lifetime (years) 10 years 

5 Annual tractor depreciation 10% of original investment in tractor 

6 Annual plow depreciation 10% of original investment in plow 

7 Lubricant costs as a percentage of fuel costs 15% 

8 Fuel consumption per acre 1.5 gallons per acre 

9 Fuel price per gallon GHȼ8 

10 Maintenance and repairs costs 7% of commercial tractor and plow prices 

11 Shed building costs GHȼ1,400 

12 Shed useful life (years) 10 years 

13 Annual shed depreciation 10% of shed-building costs 

14 Comprehensive insurance per year GHȼ571.02 

15 Business registration (one-time payment) GHȼ100 

16 Business renewal per year GHȼ20 

17 Tractor registration at Driving License Authority  GHȼ62.70 (one-time payment) 

18 Discount rate or savings interest rate 7% 

Source:  Authors’ assumptions based on field data, IFPRI/SARI Survey data (2013), Ministry of Food and Agriculture reports, 

Koli (1970), and Sallah et al. (1997). 

Note:  GHȼ = Ghanaian cedi. 
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Table A.3 Model assumptions: Sheller 

Number Components Assumption details 

1 Sheller (2012 market prices, no subsidy) GH¢4,000 

2 Daily shelling capacity 100 maxi bag per day 

3 Sheller lifetime (years) 5 years 

5 Annual tractor depreciation 20% of original investment in sheller 

7 Lubricant costs as a percentage of fuel costs 15% 

8 Fuel consumption per maxi bag shelled 0.1 gallons per maxi bag 

9 Fuel price per gallon GHȼ8 

10 Maintenance and repairs costs 7% of sheller price 

20 Discount rate or savings interest rate 7% 

Source:  Authors’ assumptions based on field data, IFPRI/SARI Survey data (2013), Ministry of Food and Agriculture reports. 

Note:  GHȼ = Ghanaian cedi; 1 maxi bag of maize = 100 kilograms of maize. 

Table A.4 District-specific assumptions 

Number Assumptions Ejura Gushiegu Yendi 
Sissala  

East 

1 Effective plowing days (excluding migration) 60 45 45 45 

2 Effective plowing days (with migration) 105 105 105 105 

 Number of days required to plow 10 acres with a tractor 1 1 1 1 

3 2012 plowing service charge per acre (GHȼ) 41.5 31.8 33.7 46.4 

 2012 maize-shelling service charge per maxi bag (GHȼ) 4.4 4 3.6 3.9 

4 
Casual labor wages for plowing in percent of plowing 
revenue (one operator and one assistant) 

12% 16% 12% 11% 

5 
Casual labor wages per maxi bag of maize shelled (one 
operator) 

0.5 0.4 0.4 0.4 

6 Number of tractor owners in the district 172 170 180 85 

7 Number of working tractors in the district — 400 298 96 

8 Maize price per kilogram of maize shelled in 2012 (GHȼ) 0.6 0.4 0.5 0.5 

9 Maize yield (kg per acre) 566.8 623.5 611.3 1,312 

10 Maize loss due to delayed planting (% per acre) 30 30 30 30 

11 
Number of farmers—potential demand for tractor services 
in the district (rural household population) 

8,159 8,471 15,188 7,026 

Source:  Authors’ assumptions based on IFPRI/SARI Survey data (2013), Ghana, Statistics, Research, and Information 

Directorate (2013), Koli (1970), and Sallah et al. (1997). 

Note:  GHȼ = Ghanaian cedi; 1 maxi bag of maize = 100 kilograms of maize. 
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Figure A.1 Net profit from a used tractor-based mechanization service provision based on four 

scenarios under a perfect and an imperfect service market, Gushiegu district 

 
Source:  Authors’ estimations based on IFPRI/SARI survey data (2013).  

Note:  GHȼ1.9 = US$1.00 in June 2012. 

Figure A.2 Net profit from a used tractor-based mechanization service provision based on four 

scenarios under a perfect and an imperfect service market, Sissala East district 

 

Source:  Authors’ estimations based on IFPRI/SARI survey data (2013). 

Note:  GHȼ1.9 = US$1.00 in June 2012. 



 

25 

Figure A.3 Net profit from a used tractor-based mechanization service provision based on four 

scenarios under a perfect and an imperfect service market, Yendi district 

 
Source:  Authors’ estimations based on IFPRI/SARI survey data (2013).  

Note:  GHȼ1.9 = US$1.00 in June 2012. 
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Figure A.4 Actual net profit from a used tractor-based mechanization service provision showing four scenarios: Plowing only, plowing 

and shelling, plowing and risks, plowing and shelling and risks, Gushiegu district 

 

Source:  Authors’ estimations based on IFPRI/SARI survey data (2013).  

Note:  GHȼ = Ghanaian cedi. GHȼ1.9 = US$1.00 in June 2012.



 

 27 

Figure A.5 Actual net profit from a used tractor-based mechanization service provision showing four scenarios: Plowing only, plowing 

and shelling, plowing and risks, plowing and shelling and risks, Sissala East district 

 

Source:  Authors’ estimations based on IFPRI/SARI survey data (2013).  

Note:  GHȼ = Ghanaian cedi. GHȼ1.9 = US$1.00 in June 2012.
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Figure A.6 Actual net profit from a used tractor-based mechanization service provision showing four scenarios: Plowing only, plowing 

and shelling, plowing and risks, plowing and shelling and risks, Yendi district 

 

Source:  Authors’ estimations based on IFPRI/SARI survey data (2013).  

Note: GHȼ = Ghanaian cedi. GHȼ1.9 = US$1.00 in June 2012.
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Table A.5 Profitability zones, by district (plowing services only) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source:  Authors’ estimations based on IFPRI/SARI survey data (2013). 

Notes:  GHȼ = Ghanaian cedi. GHȼ1.9 = US$1.00 in June 2012. Zone A: negative net profits with acreages below break-even point. Zone B: positive net profits with acreages 

below break-even point. Zone C: negative net profits with acreages above break-even point. Zone D: positive net profits with acreages above break-even point.  

District 
Tractor and plow 

price (GHȼ) 
Maintenance 
costs (GHȼ) 

Number of 
acres plowed 

Revenue Operational Investment 
profit (GHȼ) (GHȼ) profit (GHȼ) 

E
ju

ra
 

Overall mean (n=84) 
18,508 

 
2,015 319 13,586 7,769 2,608 

(5,119; 37,050) (0; 3,600) (10; 1,180) (400; 65,200) (190; 40,980) (–8,572; 36,405) 

Z
o

n
e
s
 

A (n=34) 
19,686 1,681 80 3,130 1,698 –3,330 

(6,000; 37,050) (0; 3600) (10; 176) (400; 7,650) (190;4,330) (–8,572;–179) 

B (n=13) 
14,965 1,816 238 9,931 6,387 2,027 

(5,119; 27,500) (200; 3,000) (199; 282) (8100; 11733) (4,848; 8223) (298; 5,145) 

C (n=2) 
22,793 3250 328 11815 5,246 –1,878 

(21,580;24,005) (3,000; 3,500) (327; 330) (11,550; 12,080) (5,213;5,280) (–2,301; –1,456) 

D (n=35) 
18,435 2,343 581 25,201 14,324 8,848 

(10,300; 28,500) (40; 3,355) (325; 1,180) (11,550; 65,200) (5115; 40,980) (538; 36,405) 

G
u

s
h

ie
g

u
 

Overall mean (n=77) 
15,982 1,524 282 9,176 5,564 1,323 

(4,740;36,519) (0; 3,200) (14; 1,113) (420; 38,955) (220; 26,156) (–5,082; 22,945) 

Z
o

n
e
s
 

A (n=43) 
16,513 1,648 150 4,615 2,427 –2,029 

(7,060; 30,100) (0; 3,200) (14; 318) (420; 9,975) (220;5833) (–5,082; –41) 

B (n=28) 
15,617 1,223 343 11,192 6,935 3,057 

(4,740; 36,519) (100; 3,200) (114; 566) (3,420;19,810) (2,166; 11,320) (346; 7,343) 

D (n=6) 
13,873 2,042 943 32,448 21,657 17,257 

(5,860; 19,360) (360; 3,000) (682; 1,113) (20,460; 38,955) (12,958;26,156) (9,895; 22,945) 

S
is

s
a

la
 

Overall mean (n=14) 
21,572 436 277 13,546 8,454 4,351 

(17,000; 30,900) (0; 2,000) (20; 820) (950; 41,000) (530; 30,340) (–3,883; 23,163) 

Z
o

n
e
s
 

A (n=5) 
21,537 330 66 3,032 1,927 –2,064 

(17,000; 30,900) (0; 700) (20; 113) (950; 5,085) (530; 3,616) (–3,883; –437) 

B (n=3) 
21,308 0 186 9,283 6,046 2,424 

(17,825; 26,200) (0; 0) (87; 250) (4,350; 12,500) (3,219; 7,920) (189; 3,617) 

D (=6) 
21,733 743 500 24,438 15,097 10,660 

(17,150; 30,450) (0; 2,000) (290; 820) (13,050; 41,000) (6,960; 30,340) (2,704; 23,163) 

Y
e

n
d

i 

Overall mean (n=74) 
16,188 1,374 283 9,471 5,931 1,805 

(4,700; 34,560) (0; 3,100) (7; 797) (315; 31,880) (180; 23,113) (–4,277; 20,444) 

Z
o

n
e
s
 

A (n=30) 
15,835 1,423 132 4,222 2,308 –1,807 

(6,120; 29,650) (0; 3100) (9; 339) (315;10,170) (180; 5,170) (–4,277;–280) 

B (n=30) 
15,780 1,198 291 9,857 6,312 2,431 

(4,700; 24,520) (0; 3,000) (103; 451) (3,622; 15,575) (2,432; 10,680) (166; 7,775) 

D (n=14) 
17,819 1,647 589 19,893 12,882 8,206 

(8,419; 34,560) (0; 3,000) (470; 797) (15,870; 31,880) (8,160; 23,113) (1,896; 20,444) 
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Table A.6 Relationship between profitability, cost efficiency, and operational scale (plowing and shelling services)  

Source:  Authors’ estimations based on IFPRI/SARI survey data (2013).  

Notes:  GHȼ = Ghanaian cedi. GHȼ1.9 = US$1.00 in June 2012. Zone A: negative net profits with acreages below break-even point. Zone B: positive net profits with acreages 

below break-even point. Zone C: negative net profits with acreages above break-even point. Zone D: positive net profits with acreages above break-even point.  

 

District 
Tractor and plow 

price (GHȼ) 
Maintenance 
costs (GHȼ) 

Number of  
acres plowed 

Number of 
bags shelled 

Revenue  
(GHȼ) 

Operational 
profit (GHȼ) 

Investment 
profit (GHȼ) 

E
ju

ra
 

Overall mean (n=24) 
22,852 2,305 434 1,234 22,325 12,765 6,777 

(16,596; 34,130) (40; 3,700) (25; 852) (30; 3,169) (4,415; 41,595) (2,804;24,688) (–2,766;18,718) 

Z
o

n
e
s
 

A (n=4) 
22,645 1,785 84 644 6,187 3,962 –1,472 

(20,658; 24,922) (40; 3,180) (25; 132) (70; 1,330) (4,415; 8,571) (2,804; 5,375) (–2,766; –263) 

B (n=4) 
23,663 1,400 157 1,756 14,175 8,752 3,520 

(19,500; 27,850) (650; 2,550) (100; 188) (750; 3,169) (7,375; 21,136) (4,700;13,068) (85; 7,842) 

D (n=16) 
22,701 2,662 591 1,252 28,397 15,969 9,654 

(16,596; 34,130) (230; 3,700) (265; 852) (30; 3,062) (12,535;41,595) (8,165;24,688) (2,886; 18,718) 

G
u

s
h

ie
g

u
 Overall mean (n=5) 

22,150 1,156 254 328 9,459 5,807 1,045 

(16,500; 33,500) (0; 2,110) (65; 532) (16;1,215) 
 

(2,190; 23,480) (1147; 16,219) (–4,373;12,414) 

Z
o

n
e
s
 A (n=3) 

23,661 1,000 121 45 3,801 2,116 –2,753 

(16,500; 33,500) (0; 1,750) (65; 187) (16; 60) (2,190; 5,674) (1,147;3,599) (–4,373; –821) 

D (n=2) 
19,885 1,390 454 753 17,945 11,343 6,742 

(19,500; 20,270) (670; 2,110) (375; 532) (290;1,215) (12,410;23,480) (6,466;16,219) (1,070; 12,414) 

S
is

s
a

la
 

Overall mean (n=19) 
29,573 1,558 367 1,747 23,360 14,058 7,679 

(17,741; 60,283) (0; 3,310) (59; 855) (80; 6,280) (9,553; 65,250) (5,977;41,530) (-5,551;34,141) 

Z
o

n
e
s
 

B (n=1) 
30,200 500 59 1,350 9,553 5,977 543 

(30,200; 30,200) (500; 500) (59; 59) (1350;1350) (9553; 9553) (5977; 5977) (543; 543) 

C (n=1) 
50,702 3,200 276 180 11,760 6,009 –5,551 

(50,702; 50,702) (3,200;3,200) (276;276) (180; 180) (11,760;11,760) (6,009; 6,009) (–5,551; –5,551) 

D (n=17) 28,294 1,523 391 1,862 24,854 15,007 8,877 
(17,741; 60,283) (0; 3,310) (160; 855) (80; 6,280) (10,479;65,250) (6604; 41,530) (633; 34,141) 

Y
e

n
d

i 
 

Overall mean (n=18) 
21,121 1,347 233 841 11,169 7,293 2,490 

(13,419; 27,250) (0; 3,100) (8; 647) (25; 4,000) (423; 30,000) (291; 21,867) (–5,296;17,596) 

Z
o

n
e
s
 

A (n=8) 
21,545 1,518 89 235 3,807 2,148 –2,905 

(16,000; 27,250) (0; 3,000) (8; 175) (25; 630) (423; 8,645) (291; 5,244) (–5,296; –206) 

B (n=4) 
20,290 980 164 898 9,043 6,224 1,930 

(13,419; 26,725) (435;1,350) (106; 234) (220; 11520) (7900; 10,220) (5,172; 7,080) (699;3,073) 

D (n=6) 
21,108 1,363 472 1,611 22,403 14,865 10,057 

(18,562; 23,927) (500; 3,100) (350; 647) (104; 4,000) (15,000; 30,000) (6,990; 21,867) (1,787;17,596) 
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Table A.7 Relationship between profitability, cost efficiency, and operational scale (plowing services with timeliness benefits) 

Source:  Authors’ estimations based on IFPRI/SARI survey data (2013).  

Notes:  GHȼ = Ghanaian cedi. GHȼ1.9 = US$1.00 in June 2012. Zone A: negative net profits with acreages below break-even point. Zone B: positive net profits with acreages 

below break-even point. Zone C: negative net profits with acreages above break-even point. Zone D: positive net profits with acreages above break-even point.

District 
Tractor and Plow 

price (GHȼ) 
Maintenance 
costs (GHȼ) 

Number of 
acres plowed 

Revenue 
(GHȼ) 

Timeliness 
benefits 

Operational 
profit (GHȼ) 

Investment 
profit (GHȼ) 

E
ju

ra
 

Overall mean (n=84) 
18,508 2,015 319 18,154 4,569 12,338 7,176 

(5,119; 37,050) (0; 3,600) (10; 1,180) (1,899; 73,914) (370; 15,576) (1,489;49,694) (–6,893;45,118) 

Z
o

n
e
s
 

A (n=11) 
21,285 2,059 51 4,312 2,407 3,456 –2,221 

(6,710; 35,000) (0; 3,550) (10;124) (1,899; 8,738) (899; 4,372) (1489; 6,258) (–6,893; –104) 

B (n=20) 
18,772 1,321 83 9,872 6,565 8,357 3,845 

(6,000; 37,050) (0; 3,400) (18; 155) (4,582; 18,376) (981;15,576) (3,309;17,466) (26; 14,508) 

C (n=1) 
21,950 3,000 173 7,075 675 5,005 –1,727 

(21,950; 21,950) (3,000;3,000) (173; 173) (7,075; 7,075) (675; 675) (5005; 5,005) (–1,727;–1,727) 

D (n=52) 
17,753 2,254 470 24,481 4,333 15,889 10,617 

(5,119; 28,500) (40; 3,600) (170; 1,180) (10,235; 73,914) (370; 14,169) (6,487;49,694) (2; 45,118) 

G
u

s
h

ie
g

u
 

Overall mean (n=77) 
15,982 1,524 282 12,907 3,731 9,296 5,055 

(4,740; 36,519) (0; 3,200) (14; 1,113) (1,167; 43,633) (416; 20,018) (1,013;31,546) (–4,264;25,825) 

Z
o

n
e
s
 

A (n=16) 
17,492 1,273 76 3,701 1,427 2,593 –1,654 

(9,700; 30,100) (0; 3,010) (14; 136) (1,167; 6,002) (416; 2,989) (1,013; 4,460) (–4,264; –426) 

B (n=13) 
13,573 1,317 113 6,520 3,086 5,241 1,616 

(4,740; 19,325) (0; 3,000) (32;165) (4,169; 9,388) (1,601;5,338) (3,219; 8,443) (245; 4,831) 

C (n=2) 
20,423 2,295 270 9,727 1,067 5,173 –593 

(18,175; 22,670) (1,640;2,950) (224; 316) (9,121; 10,334) (854; 1,281) (4,753; 5,594) (–741; –446) 

D (n=46) 
15,944 1,637 402 18,052 4,831 12,953 8,605 

(5,860; 36,519) (100; 3,200) (171; 1,113) (7,283; 43,633) (427; 20,018) (3,265;31,546) (821; 25,825) 

S
is

s
a

la
 

Overall mean (n=14) 
21,572 436 277 18,222 4,676 13,130 9,027 

(17,000; 30,900) (0; 2,000) (20; 820) (3,649; 42,615) (1,499;10,166) (3,229;31,955) (–455; 24,778) 

Z
o

n
e
s
 

B (n=1) 
17,000 0 20 3,649 2,699 3,229 339 

(17,000; 17,000) (0; 0) (20; 20) (3,649; 3,649) (2,699; 2,699) (3,229; 3,229) (339; 339) 

C (n=1) 
22,900 6 60 4,224 1,524 3,444 –455 

(22,900;22,900) (6; 6) (60; 60) (4,224; 4,224) (1,524; 1,524) 
 
 
 
 
 
 
 
 
 
 
 

(3,444; 3,444) (–455; –455) 

D (n=12) 
21,843 508 317 20,602 5,103 14,762 10,541 

(17,150; 30,900) (0; 2,000) (61; 820) (5,382; 42,615) (1,499;10,166) (4,101;31,955) (669; 24,778) 

Y
e

n
d

i 

Overall mean (n=74) 
16,188 1,374 283 13,169 3,697 9,629 5,503 

(4,700; 34,560) (0; 3,100) (9; 2715) (919;40,893) (235; 22,672) (784; 33,122) (–3,043;28,540) 

Z
o

n
e
s
 

A (n=11) 
16,369 1,319 67 3,540 1,295 2,525 –1,576 

(6,120;21,100) (0; 3,000) (9; 120) (919; 5,476) (336; 2,956) (784; 4,552) (–3,043;–98) 

B (n=21) 
13,926 1,236 152 8,209 3,126 6,164 2,561 

(4,700; 22,220) (0; 3,000) (27; 222) (2,759; 15,662) (235; 9,122) (2,354;13,264) (64; 9,440) 

C (n=1) 
29,650 500 246 7,649 269 3,959 –1,582 

(29,650; 29,650) (500; 500) (246; 246) (7,649; 7,649) (269; 269) (3,959; 3,959) (–1,582;–1,582) 

D (n=41) 
16,970 1,481 408 18,427 4,718 13,447 9,082 

(7,000; 34,560) (0; 3,100) (223; 797) (8,699; 40,893) (336; 22,672) (6,202;33,122) (1,305;28,540) 
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Table A.8 Relationship between profitability, cost efficiency, and operational scale (plowing and shelling services with timeliness benefits 

Source:  Authors’ estimations based on IFPRI/SARI survey data (2013).  

Notes:  GHȼ = Ghanaian cedi. GHȼ1.9 = US$1.00 in June 2012.Zone A: negative net profits with acreages below break-even point. Zone B: positive net profits with acreages 

below break-even point. Zone C: negative net profits with acreages above break-even point. Zone D: positive net profits with acreages above break-even point.  

 

District 
Tractor and Plow 

price (GHȼ) 
Maintenance 
costs (GHȼ) 

Number of 
acres plowed 

Revenue 
(GHȼ) 

Timeliness 
benefits 

Operational 
profit (GHȼ) 

Investment 
profit (GHȼ) 

E
ju

ra
 

Overall mean (n=24) 
22,852 2,305 434 26,503 4,178 16,943 10,955 

(16,596; 34,130) (40; 3,700) (25; 852) (7,113; 57,091) (309; 25,491) (5,834; 41,581) (–984; 34,218) 
Z

o
n

e
s
 

B (n=4) 
21,289 1,365 76 14,383 8,496 12,289 7,505 

(19,500; 22,500) (40; 1,970) (25; 103) (7,113; 31,366) (2,698; 23,991) (5,834; 28,691) (592; 24,076) 

C (n=1) 
24,922 3,180 132 9,428 857 6,232 –984 

(24,922; 24,922) (3,180; 3,180) (132; 132) (9,428; 9,428) (857; 857) (6,232; 6,232) (–984; –984) 

D (n=19) 
23,072 2,457 525 29,954 3,444 18,487 12,310 

(16,596; 34,130) (230;3,700) (162; 852) (12,359; 57,091) (309; 25,491) (7,640;41,581) (3,680; 34,218) 

G
u

s
h

ie
g

u
 

Overall mean (n=5) 
22,150 1,156 254 13,898 4,439 10,245 5,484 

(16,500; 33,500) (0; 2,110) (65; 532) (4,963; 30,242) (1,423; 6,762) (3,025;22,982) (–1,642;19,177) 

Z
o

n
e
s
 

A (n=1) 
33,500 0 65 5,660 3,470 4,616 –904 

(33,500; 33,500) (0; 0) (65; 65) (5,660; 5,660) (3,470; 3,470) (4,616; 4,616) (–904; –904) 

C (n=1) 
20,982 1,250 110 4,963 1,423 3,025 –1,642 

(20,982; 20,982) (1,250; 1,250) (110; 110) (4,963; 4,963) (1,423: 1,423) (3,025; 3,025) (–1,642;–1,642) 

D (n=3) 
18,757 1,510 365 19,622 5,767 14,529 9,988 

(16,500; 20,270) (670; 2,110) (187; 532) (12,164; 30,242) (4,048; 6,762) (10,089;22,982
) 

(5,119; 19,177) 

S
is

s
a

la
 

Overall mean (n=19) 
29,573 1,558 367 36,077 12,718 26,775 20,397 

(17,741;60,283) (0; 3,310) (59; 855) (16,385; 96,943) (1,645; 33,588) (8,248; 73,223) (327; 65,834) 

Zones D (n=19) 
28400 1466 372 37102 13098 27602 20660 

(17,741;60,283) (0; 3,310) (59;855) (16,385; 96,943) (1,645; 33,588) (8,248; 73,223) (327; 65,834) 

Y
e

n
d

i 

Overall mean (n=18) 
21,121 1,347 233 18,503 7,334 14,627 9,824 

(13,419; 27,250) (0;3,100) (8; 647) (1,502; 114,230) (403;84,230) (1370;106,097)
) 

(–3210;99,584) 

Z
o

n
e
s
 

A (n=5) 
21,862 1,265 44 3,925 1,853 3,011 –1,814 

(16,000; 27,025) (0;3,000) (8; 131) (1,502;5,642) (504;3,488) (1,370; 4,420) (–3,210; –422) 

B (n=3) 
19,639 1,761 129 10,955 2,445 8,398 3,470 

(17,900; 21,725) (933; 3,000) (106; 142) (8,623; 14,049) (403; 3,829) (6,839; 10,872) (896; 6,038) 

C (n=1) 
17,900 1,950 172 7,849 1,921 4,335 –568 

(17,900; 23,555) (1,950; 1,950) (172; 172) (7849; 7849) (1,921; 1,921) (4,335;4,335) (–568; –568) 

D (=9) 
21,560 1,187 379 30,302 12,610 24,300 19,562 

(13,419; 27,250) (435; 3,100) (175; 647) (10,044;114,230) (1,545; 84,230) (7,382;106,097
) 

(1,960;99,584) 
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Table A.9 Model versus actual profitability (average) under a perfect market, by district 

Source:  Authors’ estimations based on IFPRI/SARI survey data (2013).  

Note: GHȼ = Ghanaian cedi. GHȼ1.9 = US$1.00 in June 2012. 
 

District Scenarios 
Model versus 

actual 
Investment 
cost (GHȼ) 

Maintenance 
costs (GHȼ) 

Number of 
acres plowed 

Number of 
bags shelled 

Revenue 
(GHȼ) 

Operational 
profit (GHȼ) 

Investment 
profit (GHȼ) 

E
ju

ra
 Plowing only 

Model 17,000 4,457 
319 - 

13,239 2,790 -100 
Actual (n=84) 15,982 2,015 13,586 7,769 2,608 

Plowing and shelling 
Model 21,000 4,737 

434 1,234 
23,441 8,801 5,431 

Actual (n=24) 22,852 2,305 22,325 12,765 6,777 

G
u

s
h

ie
g

u
 

Plowing only 
Model 17,000 4,457 

282 - 
8,968 -816 -3,706 

Actual (n=77) 15,982 1,524 9,176 5,564 1,323 

Plowing and shelling 
Model 21,000 4,737 

254 328 
9,389 -579 -3,949 

Actual (n=5) 22,150 1,156 9,459 5,807 1,045 

S
is

s
a

la
 

E
a

s
t Plowing only 

Model 17,000 4,457 
277 - 

12,853 3,159 269 
Actual (n=14) 21,572 436 13,546 8,454 4,351 

Plowing and 
shelling 

Model 21,000 4,737 
367 1,747 

23,842 9,861 6,491 

Actual (n=19) 29,573 1,558 23,360 14,058 7,679 

Y
e

n
d

i Plowing only 
Model 17,000 4,457 

283 - 
9,537 30 -2,860 

Actual (74) 16,188 1,374 9,471 5,931 1,805 

Plowing and shelling 
Model 21,000 4,737 

233 841 
10,880 706 -2,664 

Actual (18) 21,121 1,347 11,169 7,293 2,490 



 

Table A.10 Model versus actual profitability under an imperfect market, by district 

Source:  Authors’ estimations based on IFPRI/SARI survey data (2013).  

Note:  GHȼ = Ghanaian cedi. GHȼ1.9 = US$1.00 in June 2012. Model timeliness benefits are estimated based on average number of acres plowed by tractor owners on own 

farms. 

 

District Scenarios 
Model 

versus. 
actual 

Investment 
cost (GHȼ) 

Maintenance 
costs (GHȼ) 

Number 
of acres 
plowed 

Number 
of bags 
shelled 

Timeliness 
benefits 

(GHȼ) 

Revenue 
(GHȼ) 

Operational 
profit (GHȼ) 

Investment 
profit (GHȼ) 

E
ju

ra
 Plowing only 

Model 17,000 4,457 
319 - 

3,707 16,946 6,497 3,607 
Actual (n=84) 18,508 2,015 4,569 18,154 12,338 7,176 

Plowing and shelling 
Model 21,000 4,737 

434 1,234 
3,707 31,877 16,161 12,791 

Actual (n=24) 22,852 2,305 4,178 26,503 16,943 10,955 

G
u

s
h

ie
g

u
 

Plowing only 
Model 17,000 4,457 

282 - 
5,139 14,107 4,323 1,433 

Actual (n=77) 15,982 1,524 3,731 12,907 9,296 5,055 

Plowing and shelling 
Model 21,000 4,737 

254 328 
5,139 19,551 7,926 4,556 

Actual (n=5) 22,150 1,156 4,439 13,898 10,245 5,484 

S
is

s
a

la
 

E
a

s
t Plowing only 

Model 17,000 4,457 
277 - 

13,065 25,918 16,224 13,334 
Actual (n=14) 21,572 436 4,676 18,222 13,130 9,027 

Plowing and 
shelling 

Model 21,000 4,737 
367 1,747 

13,065 48,869 30,839 27,469 

Actual (n=19) 29,573 1,558 12,718 36,077 26,775 20,397 

Y
e

n
d

i Plowing only 
Model 17,000 4,457 

283 - 
3,818 13,355 3,848 958 

Actual (74) 16,188 1,374 3,697 13,169 9,629 5,503 

Plowing and shelling 
Model 21,000 4,737 

233 841 
3,818 16,795 5,736 2,366 

Actual (18) 21,121 1,347 7,334 18,503 14,627 9,824 



 

Table A.11 Simulated break-even points with 3% risk premium 

Market type Scenarios 
Tractor type 

(and plow/sheller) 

Break-even points (acres) by district 

Ejura Gushiegu Sissala East Yendi 

Perfect market  
(no timeliness risks) 

Plowing only 
Used  346 609 286 496 
Subsidized 373 657 309 534 
New tractor* 663 1,167 548 950 

Plowing and 
shelling 

Used 221 295 145 306 
Subsidized 237 316 153 328 
New tractor* 403 539 260 558 

Imperfect market 
(timeliness risks) 

Plowing only 
Used 183 211 36 255 
Subsidized 210 259 38 294 
New tractor* 500 769 73 709 

Plowing and 
shelling 

Used 127 142 34 173 
Subsidized 143 143 37 194 
New tractor* 309 365 62 425 

 

Source:  Authors’ estimations based on IFPRI/SARI survey data (2013).  

Note:  * refers to unsubsidized new tractor.  

Table A.12 Simulated break-even points with 5% increase in import tariff on tractor costs 

Market type Scenarios 
Tractor type 

(and plow/sheller) 

Break-even points (acres) by district 

Ejura Gushiegu Sissala East Yendi 

Perfect market  
(no timeliness risks) 

Plowing only 
Used  330 581 273 473 
Subsidized 354 623 293 508 
New tractor* 613 1,078 507 878 

Plowing and 
shelling 

Used 209 279 135 289 
Subsidized 223 298 144 309 
New tractor* 371 496 240 514 

Imperfect market 
(timeliness risks) 

Plowing only 

Used 167 183 34 232 

Subsidized 191 225 36 267 

New tractor* 450 680 63 637 

Plowing and 
shelling 

Used 115 106 32 156 

Subsidized 129 124 35 175 

New tractor* 277 323 57 381 
 

Source:  Authors’ estimations based on IFPRI/SARI survey data (2013).  

Note:  * refers to unsubsidized new tractor. 

Table A.13 Simulated break-even points with 63% depreciation of the Ghanaian cedi relative to the 

US dollar 

Market type Scenarios 
Tractor type 

(and plow/sheller) 

Break-even points (acres) by district 

Ejura Gushiegu Sissala East Yendi 

Perfect market  
(no timeliness risks) 

Plowing only 
Used 404 711 334 579 

Subsidized 442 777 365 633 
New tractor* 844 1,484 697 1,209 

Plowing and 
shelling 

Used 251 336 162 348 
Subsidized 273 365 176 378 

New tractor* 503 673 325 698 

Imperfect market 
(timeliness risks) 

Plowing only 
Used 241 313 41 338 

Subsidized 279 379 45 392 
New tractor* 681 1,086 222 968 

Plowing and 
shelling 

Used 158 162 39 214 
Subsidized 179 191 42 244 

New tractor* 410 499 112 564 
 

Source:  Authors’ estimations based on IFPRI/SARI survey data (2013).   

Note:  * refers to unsubsidized new tractor. 
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