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ABSTRACT 

Recently, policymakers and private actors have stepped up investments in mechanization, demonstrating a 

strong faith in the potential of mechanical power to maintain or raise farm production and productivity in 

many countries in Africa south of the Sahara. This study assesses whether the recent public and private 

efforts to improve farmers’ access to mechanical power in Ghana have had the intended effects on the 

country’s agricultural sector. Using panel survey data, this paper analyses the drivers of farm 

mechanization and its net impacts on cropland expansion and farming system intensification in northern 

Ghana. Several factors explain the use and use intensity of agricultural mechanization, including 

landholding size, total labor and fertilizer use per hectare, chemical use, and amount of land left fallow. 

More importantly, the results suggest that farm mechanization did have a positive impact on cropland 

expansion during the survey period. The results presented here support the existence of a labor 

substitution effect resulting from tractor use. However, there is no evidence of increasing farm input use 

with the use of tractor farm power. Indeed, the findings seem to suggest an inverse relationship between 

mechanization and farm input intensification. Therefore, tractor plowing is unlikely to foster farm input 

intensification in northern Ghana, where farmland is still abundant. 

Keywords: mechanization, tractor, draft animals, cropland expansion, agricultural intensification, 

government policy, Ghana 
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1.  INTRODUCTION  

Rapidly changing agricultural landscapes, along with other factors, have led to increased demand for 

mechanization among Ghanaian farmers in recent years. Agricultural mechanization—that is, the use of 

draft animals, tractors, or any other form of farm power in agriculture—can reduce farm labor drudgery 

and maintain or increase farm production and productivity (see, for example, Obi and Chisango 2011; 

Verma 2006; Binswanger and Ruttan 1978). Mechanization has long been of interest to many African 

countries whose governments massively invested in the agricultural sector following independence. These 

early initiatives were grounded in the prevailing paradigms and development strategies, which essentially 

argued in favor of more state involvement in agriculture and rural development during the postcolonial 

period (see Zeller 2011). However, efforts to mechanize agriculture in Africa were discredited by state 

failures as well as a lack of demand for mechanization (Pingali, Bigot, and Binswanger 1987). A major 

lesson learned from the past is that successful development of farm mechanization has rarely been driven 

by the government’s direct involvement in machinery supply, development, and financing, or by offering 

mechanization hire services (Food and Agricultural Organization -FAO 2011; Pingali, Bigot, and 

Binswanger 1987). 

Ghana, like other countries in Africa south of the Sahara (SSA), has experienced two decades of 

sound and persistent annual growth of around 5 percent (Breisinger et al. 2011). At the same time, 

agricultural labor has become scarce during Ghana’s economic transformation due to a growing urban 

population, rural-urban migration, increasing labor demand from nonagricultural sectors, and rising 

wages. Consequently, demand for agricultural mechanization has risen (Diao et al. 2014). In response, 

support for mechanization has resurfaced in the country since 2003. This support has taken the form of 

importation and provision of subsidized tractors to individual farmers as well as specialized 

mechanization centers (see, for example, Agricultural Engineering Service Directorate -AESD 2003; 

Houssou et al. 2013a). Furthermore, over the past decade, a growing private market of used agricultural 

machines has emerged in the country (Diao et al. 2012). Consistent with this emerging private market, a 

survey conducted by the International Food Policy Research Institute and Savanna Agricultural Research 

Institute (IFPRI and SARI 2013) in selected districts of Ghana suggests that tractor ownership has 

increased significantly among medium- and large-scale farmers over the past five years. These 

developments have considerably improved accessibility to tractors in farming communities across the 

country. With the increase in access to tractor power, farming households are expected to increase their 

use of tractors and place more land under cultivation to meet the country’s growing food needs. 

Ghana is a relatively land-abundant country, especially in the north, where tenure can essentially 

be qualified as open access. In such situations, increased farm power can lead to direct increases in 

production through increasing the land area cultivated by farmers, as they can manage more area than if 

they were to manually prepare the land (Clarke 2000). Because mechanized farming reduces the drudgery 

of farm labor and can be instrumental in expanding cultivation into areas where there is a significant 

amount of unutilized arable land, such as northern Ghana, it is regarded as a positive development (World 

Bank 2012). 

Using panel data from three districts in northern Ghana, this paper assesses the drivers of 

agricultural mechanization and the extent to which improved access to tractors has led to cropland 

expansion among farming households in the country. From a theoretical and policy perspective, this 

research fits into the current debate on the proper path to agricultural mechanization in Ghana and aims to 

provide useful lessons for those SSA countries that are engaged in a peer learning process with Ghana as an 

example. 
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Research Questions 

The main goal of this paper is to evaluate the impact of the recent public and private efforts to mechanize 

agriculture in Ghana. Specifically, the paper assesses whether farm mechanization has led to cropland 

expansion and intensified use of inputs among farmers in the Northern region of the country. The research 

seeks to answer the following key questions: 

1. Are tractor users different from draft animal users and nonusers of mechanical power in 

terms of socioeconomic and farming characteristics? 

2. Which factors drive tractor use and the area plowed among farming households? 

3. Has farm mechanization led to cropland expansion, intensified use of fertilizer, and 

increased hired labor among tractor users? 

4. What is the scale of farmers’ response to mechanization in terms of cropland expansion 

and fertilizer and labor use? 

5. Has farmers’ response to farm mechanization been constrained by access to fertilizer and 

hired labor? 

Main Hypotheses Tested  

Based on the above research questions, we test the following hypotheses: 

1. Farm mechanization, measured by the area plowed, has had a positive impact on the area 

cultivated. Thus, farmers have responded to increased tractor availability by increasing 

their cropland. 

2. Farm mechanization, measured by the area plowed, has had a positive impact on fertilizer 

and hired labor use. Thus, farmers have responded to increased tractor availability by 

increasing their input use and use intensity. 

3. Farmers’ response to tractorization in terms of cropland expansion depends on the input 

intensification levels (measured by the quantity of fertilizer and hired labor used per 

hectare). This response is stronger among farmers who use higher quantities of fertilizer 

and hired labor per hectare compared with those who use less of these farm inputs. 

The remainder of the paper is organized as follows. Section 2 reviews the literature on 

agricultural mechanization, and Section 3 presents the conceptual framework. Section 4 discusses the 

Ghanaian context of agriculture and mechanization, including the key features of the Northern region and 

the survey districts. Section 5 presents the data and methodology, and Section 6 discusses the results. 

Section 7 offers our concluding remarks. 
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2.  AGRICULTURAL MECHANIZATION IN DEVELOPING COUNTRIES:  
A REVIEW OF THE LITERATURE 

Agricultural mechanization can be defined as the economic application of tools, animals, or machines to 

aid human effort, increase productivity, and eliminate drudgery in farming. Agricultural mechanization 

aims at reducing human drudgery, increasing yields through better timeliness of operations, bringing 

more land under cultivation, providing agriculture-led industrialization and markets for rural economic 

growth (Food and Agriculture Organization/FAO of the United Nations and the United Nations Industrial 

Development Organization/UNIDO (2008). On a global scale, agricultural mechanization has been one of 

the great achievements of the 20th century (NAE 2000). The benefits of farm mechanization are 

numerous. Agricultural mechanization can help alleviate power bottlenecks arising from input 

intensification and reduce farm labor demand. Combined with other inputs, agricultural mechanization 

can improve production, productivity, and profitability. Agricultural mechanization is enabled by 

technologies that create value in agricultural production practices through the more efficient use of labor, 

improved timeliness of operations, and more efficient input management, with a focus on sustainable, 

high-productivity systems (Reid 2011). For example, tractors are faster and more efficient than manual 

labor and therefore allow farmers to meet the timelines for critical farming operations during peak 

periods. While a tractor can plow about 240 hectares (ha) of land per season (Ghana, MoFA 2007), a 

farmer can till only 0.5 ha of land per season with a hand hoe (Fonteh 2010). 

The literature on agricultural mechanization and its impacts is abundant, but most research on the 

topic dates back to the 1970s and 1980s, especially in Africa, where agricultural mechanization was high 

on the development agenda of many governments in SSA shortly after independence. During that period, 

many countries in SSA supported mechanization through the direct importation and financing of farm 

machinery, the establishment of state-run mechanization centers, and subsidized tractor hire schemes to 

extend tractor service to smallholder farmers (see, for example, Mrema, Baker, and Kahan 2008; Li 2005; 

Eziakor 1990; Akinola 1986; Kolawole 1972; Chancellor 1969, 1971). At the time, agricultural 

mechanization was seen by many of these countries as essential for the growth and development of the 

agricultural sector. 

The state’s massive involvement and subsequent withdrawal from agricultural mechanization in 

some countries were influenced by the waves of theories and donor-driven development strategies that 

dominated the field of development economics after independence and during structural adjustment 

programs. These theories and strategies include the dependency theory, the theory of induced innovation, 

the Keynesian consensus, and the Washington consensus, among others.  

While dependency theories advocate for eliminating dependency on industrialized countries 

through, for example, import substitution and diversification (see Zeller 2011), the theory of induced 

innovation and institutional change (Hayami and Ruttan 1971) postulates that a technology can be 

developed to facilitate the substitution of relatively abundant (hence cheap) factors for relatively scarce 

(hence expensive) factors in the economy.1 The theory of induced innovation has been championed by 

Pingali (2007), who asserts that the sequential adoption of mechanization, first for power-intensive and 

then for control-intensive operations, is not a historical artifact; it is a farmer response induced by the 

changing relative prices of factor inputs. 

In contrast, the Keynesian consensus argued in favor of a large government role (for example, 

large public investments in infrastructure, mechanization, and so on), but interventionist policies revealed 

their limits in the 1980s. Since then, many SSA governments have withdrawn from major sectors of their 

countries’ economies, including agricultural mechanization under the Washington consensus, also known 

as structural adjustment programs, allowing market forces to play a dominant role in economic 

development. 

                                                      
1 The theory of induced innovation postulates that technical change in agriculture entails a dynamic (endogenous) response 

to changes in a particular set of factor prices that reflect the economic implications of resource endowments and resource 

accumulation in each society. 
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Regardless of the development theories and strategies, previous attempts to mechanize agriculture 

in SSA failed due to a combination of factors, including poor management of public tractor-hire schemes, 

the heavy fiscal burdens of state-sponsored mechanization programs (Mrema, Baker, and Kahan 2008), 

and, most importantly, a lack of demand for mechanization (Pingali 2007). According to Pingali (2007), 

the persistently low level of mechanization in relatively land-abundant SSA has been a longstanding 

puzzle in the literature on agricultural mechanization. In the author’s own words, the explanation of this 

puzzle is in the driving forces of agricultural intensification and the incentives for increasing productivity 

growth. “Agricultural areas facing inelastic demand conditions, due to low population density and/or poor 

market infrastructure, tend to persist in low intensity, low yield subsistence production systems.” (Pingali 

(2007, 2,781). It is also important to emphasize the seminal works by Boserup (1965) and Ruthenberg 

(1980), who challenged the Malthusian theory2 and emerged to significantly influence the theory of 

agricultural development. 

According to Boserup (1965), farming systems (defined here as the mix of agricultural activities, 

inputs, and farming practices used to achieve a desired level of production) follow an evolutionary 

intensification process that drives the adoption of various inputs, including tractors and draft animals. 

This intensification process in turn is driven primarily by population growth and access to markets and 

entails a gradual change toward more frequent and intensive use of cropland (Boserup 1965) and the 

adoption of new farming technologies (Ruthenberg 1980). Farming tools change in this process. 

Boserup’s thesis has been corroborated by extensive field research by Pingali, Bigot, and Binswanger 

(1987), who suggest a positive correlation between the evolution of farming systems and mechanization 

in SSA. During the big state push for mechanization, farming systems in this area simply did not reach 

the stage of high demand for tractor-based power, and farmers continued to rely on centuries-old tools 

such as hand hoes and cutlasses. Based on this, Pingali (2007) concludes that tractors themselves are not 

an effective tool for inducing the process of agricultural intensification and productivity growth. 

However, Diao et al. (2014) using the farming system theory and the induced innovation literature, 

establish that demand for mechanization, especially land preparation, has recently risen in Ghana as a 

result of economywide labor constraints, rural-urban migration, an increasing urban population, and labor 

demand from nonagricultural sectors. 

With regard to its impacts, agricultural mechanization has different effects that can be measured 

in terms of changes in yields, labor savings, area expansion, labor displacement, income inequality, and 

equity. These effects have been subject to extensive debate in the literature. According to Binswanger 

(1978), the debate about the benefits of mechanization has been essentially dominated by two apparently 

contradictory views in the Indian subcontinent: the substitution view and the net contributor view. Under 

the substitution view, Binswanger (1978) indicates that the switch from animal power to tractor power is 

primarily guided by factor prices (factor scarcities), a view that is consistent with the induced innovation 

theory, whereas the net contributor view argues that farm power is a primary constraint to agricultural 

production and higher cropping intensities almost regardless of factor prices. Binswanger (1978) 

considers substitution and net contributor views to be complementary and concludes that the debate about 

the benefits of mechanization in the Indian subcontinent are empirical rather than theoretical. In the case 

of Africa, FAO and UNIDO (2008) posit that mechanization remains a questionable input in the 

smallholder sector. 

Several studies have concluded that crop intensity has increased due to the use of tractors, but in 

most cases the use of tractors was also associated with irrigation and increased use of inputs. Various 

researchers have concluded that farm mechanization has enhanced the production and productivity of 

different crops due to timeliness of operations and precision in the application of inputs (see, for example, 

Obi and Chisango 2011). In examining several studies on the impacts of agricultural mechanization in 

India, a country characterized by small landholdings, Verma (2006) concludes that farm mechanization 

                                                      
2 According to the Malthusian theory, population growth would exceed resource growth, leading to major catastrophes such 

as famine, war, and disease, because the population would grow exponentially while food supply grew arithmetically. This theory 

largely ignores the contribution of technological innovation to agriculture development. 
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has led to an increase in input use due to higher average cropping intensity and larger area, and increased 

the productivity of farm labor as well as profitability. However, in most cases, the effects of farm 

mechanization have been due to a combination of factors (irrigation, timeliness of farming operations, 

better quality of farming, seeds, and increased input use) and not farm mechanization alone. In an 

analytical review of empirical work in India, Pakistan, and Nepal, Binswanger (1978) finds no evidence 

that tractorization alone is responsible for substantial increases in intensity, yields, timeliness, and gross 

returns. Tractors fail to act as a strong engine of growth under low wage rates or rapidly rising prices of 

the factors of production that they have the potential to replace, especially where no area effect is 

possible, Binswanger suggests. In contrast, Obi and Chisango (2011), citing Nweke (1978), indicate that 

for postindependence Ghana, tractor-based mechanization may have accounted for production increases 

resulting from cropland expansion. 

With respect to labor, the concern that tractors may displace labor sometimes stems from the fact 

that in developed countries, agricultural mechanization has indeed enabled massive displacement 

(Binswanger 1978). But Pingali (2007) argues that the adoption of laborsaving technology does not 

necessarily imply labor displacement. Indeed, this author observes that the mechanization of power-

intensive operations has had minimal equity effects even in the labor-surplus economics of Asia. 

Furthermore, Verma (2006) indicates that farm mechanization has often been at the center of controversy 

due to its impacts on human labor in labor-abundant economies such as India, but a relatively low level of 

displacement was observed in the studies examined. As long as wage rates remain low, there is little 

reason to expect tractors to gain comparative advantages in labor-intensive operations (Binswanger 1978). 

Somewhat in line with the substitution view, Benin (2014) observes that Ghana’s Agricultural 

Mechanization Service Enterprise Centers (AMSECs) program had a laborsaving impact during land 

preparation, while Ngeleza et al. (2011) indicate that mechanized plowing on maize farms led to a 25 

percent decrease in total labor demand for land preparation and a 35 percent total cost reduction in 

Ghana’s cereal belt. Likewise, Pingali, Bigot, and Binswanger (1987) suggest that where uncultivated or 

fallow land is available, or where cropping intensities increase, the use of tractors (or power tillers) for 

land preparation could lead to an increase in labor employment. Nonetheless, Foster and Rosenzweig 

(2011) observe that mechanization has indeed displaced labor on larger farms in India. Given the current 

labor scarcity in Ghana, the mechanization of power-intensive operations such as plowing is not expected 

to displace farm labor and lead to unemployment in the country. Indeed, mechanized plowing may 

maintain or increase labor demand for other farming operations. This may not be the case for control-

intensive operations such as weeding and harvesting. 

With regard to crop yields, Pingali, Bigot, and Binswanger (1987) observe no significant effect of 

mechanization on yields. This result is consistent with Binswanger (1978), who finds that on almost all 

farms using tractors in South Asia, higher yields were associated with higher fertilizer use, indicating a 

confounding problem in discerning the net impact of mechanization on yields. Benin (2014) also 

attributes the observed increase in yields resulting from the AMSEC mechanization program to the 

availability of irrigation and the adoption of improved farming practices. 

Cunguara and Darnhofer (2011) analyze the impacts of four improved agricultural technologies, 

including tractor-based mechanization and animal traction, on household incomes in Mozambique. These 

authors find that overall, mechanization did not have any significant impact on household income, but a 

further classification of surveyed households based on propensity score reveals that tractor use 

significantly increased the incomes of those with better access to markets, indicating heterogeneity among 

the surveyed farmers using tractor mechanization. Likewise, Van den Berg et al. (2007) indicate that 

mechanization helps farmers cultivate larger land areas (for rice) and thus generate more income in 

Zhejiang province in China. These results are consistent with Pingali, Bigot, and Binswanger (1987), who 

suggest that the use of tractor-based mechanization and animal traction may only be profitable with larger 

farm size. 
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Overall, this review seems to suggest that the impact of mechanization is associated with many 

other factors, and tractors have had no meaningful impact where land is a major constraint. Such an 

impact may be country and farm specific. This paper uses panel data from northern Ghana, where land is 

not considered a constraint, to estimate regressions controlling for heterogeneity among tractor users and 

nonusers. We estimate the determinants of farm mechanization and its net impact on key farming system 

components. 
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3.  CONCEPTUAL FRAMEWORK 

Based on the above review, we derive an analytical framework (Figure 3.1) to assess the impacts of 

agricultural mechanization on cropland expansion and intensification in northern Ghana. The framework 

essentially suggests that agricultural policies (and economic policies in general) aim to induce changes in 

markets, prices, or infrastructure or to create an economic environment that in turn affects farmers’ 

objectives and constraints. Furthermore, this framework assumes that a farmer’s behavior can rationally 

be explained by the objectives he or she pursues and by the constraints faced in pursuit of these 

objectives. For example, a farmer may pursue income maximization or food security, or seek to fulfill 

social obligations, but he or she may be constrained by available farmland, capital, labor, technologies, 

and markets. 

Farmer behavior can be expressed by how the farmer allocates productive resources (labor, land, 

and capital) to various farm and nonfarm activities, the land area he cultivates or plows (by a tractor, draft 

animals, or hand hoe), the quantity of inputs purchased, the quantity of produce sold on the market, and so 

on. Farmer behavior may in turn lead to changes in the mix of crops; the type and quantity of labor, seed, 

fertilizer, and chemicals used; and the type and scale of farm power used (hand hoe, draft animals, or 

tractor), which determine the cropland expansion and intensification patterns. This behavior may also 

result in a given income level, which determines his welfare. If, for example, lack of capital to acquire a 

tractor is the major constraint to the adoption of mechanical technologies, the government might design a 

microcredit program to improve farmer access to credit. Once this constraint is lifted, it is likely that 

farmers will adopt tractor use and increase their production or productivity. 

Agricultural mechanization is driven by various factors, and understanding the ways in which 

these factors interact requires a comprehensive framework. Given the chain of impacts that may result 

from mechanization, this paper adopts a holistic approach to identifying the drivers of mechanization as 

well as its impacts on key farming system components, such as cropland, fertilizer, and labor. 

Figure 3.1 Conceptual framework showing the links between tractorization, cropland expansion, 

and intensification 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source:  Adapted from Aho, Lariviere, and Martin (1998) and Reardon et al. (1999). 
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4.  AGRICULTURE AND MECHANIZATION: THE GHANAIAN CONTEXT 

The Performance of the Ghanaian Agricultural Sector  

Agriculture is one of the major sectors of the Ghanaian economy, contributing about 23 percent to the 

gross domestic product (GDP) and employing 50.6 percent of the labor force (Statistics, Research, and 

Information Directorate - SRID 2013). Over the past few decades, Ghana has experienced sound and 

persistent growth rates, leading to an economic transformation of the country (Breisinger et al. 2011) with 

the share of agriculture in the economy decreasing from 40 percent in 2000 to 23 percent in 2012 (World 

Bank 2012). However, Ghana’s path to economic transformation has been characterized by high growth 

in the service sector, stagnation in the manufacturing and industry sectors, and a weak transformation of 

the agricultural sector (Kolavalli et al. 2012).3 

The agricultural sector continues to rely on smallholder farmers using minimal inputs of 

improved seeds, chemical fertilizer, and irrigation to feed a growing urban population and rural migrants. 

Estimates from SRID (2013) indicate that apart from rice and wheat crops, Ghana is self-sufficient in 

cereal and root production. Yet productivity remains low in the agricultural sector owing to a number of 

factors, including low or inappropriate use of inputs (improved seeds, fertilizer, herbicides, and 

pesticides), dependence on rainfed agriculture, high postharvest losses, and low levels of agricultural 

mechanization (Table 4.1). Chapoto and Ragasa (2013) report that fertilizer use and fertilizer use intensity 

have increased among Ghanaian rice and maize growers but remain far below the recommended fertilizer 

use rates. Likewise, the low levels of engineering technology inputs in agriculture have been one of the 

major constraints hindering the development of agriculture in the country (FAO 2011). 

Table 4.1 Ghana’s agricultural productivity compared with other countries 

Region 
Cereal 
yield 

MT/ha 

Adoption of inputs and mechanization 

Modern 
seed (%) 

Fertilizer  
use 

(kg/ha) 

Irrigated land 

(% total arable land) 

Tractors 
per  

1,000 ha 

Ghana 1.7 62 111 0.2 1.2 

Average of countries 3.3 - 208 38 24 

Source:  Compiled from Chapoto and Ragasa (2013), SRID (2013), and FAO and UNIDO (2008). 

Notes:  MT/ha = metric tons/hectare; kg/ha = kilogram/hectare. Average of countries includes Bangladesh, Brazil, China, India, 

Pakistan, the Philippines, the Republic of Korea, Thailand, and Vietnam. Cereal includes maize, rice, sorghum, and 

millet. Tractors per 1,000 ha is equal to the number of tractors divided by the area under cultivation in 2012. 

Rural to urban migration has also had an impact on the agricultural sector, as the difficulties 

caused by the increase in the number of people in urban areas are compounded by the decrease in the 

number of people left in rural areas who are available to produce food for the growing population (World 

Bank 2012). From 2002 to 2013, yields of major cereals such as rice, maize, sorghum, and millet 

increased only marginally (Figure 4.1) and remained well below their potential yields. However, cereal 

cropland and production increased considerably during the same period (Figure 4.1), while rural-urban 

migration rose (World Bank 2012). Thus, increases in national food production have been driven 

primarily by cropland expansion rather than increased productivity. As a result, the demand for 

mechanization has been rising in recent years (Diao et al. 2014). Correspondingly, the tractor count 

increased significantly from 2004 to 2012 in the country. 

                                                      
3 From 2000 to 2012, the service sector’s contribution to the GDP grew from 32 percent to 50 percent (World Bank 2014). 
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Figure 4.1 Ghana’s agricultural statistics, 2002–2013 

 
Source:  Compiled from SRID (2014) data.  

Note:  Achievable yields are 6 metric tons per hectare, 6.5 metric tons per hectare, 2 metric tons per hectare, and 2 metric tons 

per hectare, for maize, rice, millet, and sorghum, respectively.  

Agricultural Mechanization in Ghana: Past and Present 

Historically, Ghana’s agricultural mechanization policy has been dominated by large-scale investments in 

state or commercial farms and planned around agro-based industries. Tractor-based farm power has long 

been seen not only as a means of increasing the availability of food and industrial raw materials but also 

as a means of freeing labor tied to subsistence agriculture for the country’s industrialization process 

(Boamah 2006). However, these attempts have not been very successful in Ghana or elsewhere in SSA. 

Recently, policymakers’ interest in mechanization has reemerged in the country due to a 

combination of factors, including the growing urban population’s food demand and the desire to reduce 

the labor drudgery associated with agriculture, improve smallholder farmers’ access to mechanization 

services, attract youth into agriculture, and trigger private-sector investment in mechanization, among 

others. Furthermore, there is huge potential for mechanizing agriculture in Ghana. The country contains 

13.6 million hectares of agricultural land, of which 59 percent (8 million hectares) is suitable for 

mechanization (AESD 2012a). As of 2007, only 20 percent (1.6 million hectares) of this land had been 

mechanized.  

Under Ghana’s agricultural modernization policy, decisionmakers aim to mechanize 4 million 

hectares of land by 2015 (that is, 50 percent of land suitable for mechanization). The AESD (2012a) 

indicates that the country will need 16,700 tractors by 2015 to meet its mechanization target. In line with 

this target, the government of Ghana has since 2007 been providing subsidized agricultural machinery to 

individual farmers and state-supported private enterprises established as Agricultural Mechanization 

Services Enterprise Centers (AMSECs).4 As of 2012, the government of Ghana had imported 2,761 

tractors (AESD 2012b), mostly through bilateral agreements and concessional loans from a few emerging 

countries such as Brazil, China, and India. In addition, the government imported about 300 tractors under 

the Savannah Accelerated Development Authority, an independent government agency with a mandate to 

promote sustainable development in the three northern regions (Upper East, Upper West, and Northern). 

Most of the tractors imported by the government went to the Northern region, where there is huge 

potential for converting more land into cultivation. 

  

                                                      
4 See AESD (2012a) for further details on the mechanization policy. 
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However, old problems persist: importation of inappropriate tractor brands requiring specialized 

engineering skills, poor maintenance, lack of spare parts, and lack of skilled operators (Houssou, Diao, 

and Kolavalli 2014; Houssou et al. 2013a; Nakamura 2013; Benin et al. 2012). Demand is not adequately 

met, even though the Ministry of Food and Agriculture spent about $52 million in loan funds on 

agricultural mechanization from 2003 to 2012 (Houssou, Diao, and Kolavalli 2014) and is expected to 

receive $95 million in loans for agricultural machines under the Brazilian bilateral loans in 2014 (AESD 

2012b). 

While the government of Ghana has been importing and distributing agricultural machines to 

farmers, a vibrant private market has developed in parallel, importing considerable numbers of used 

tractors (Diao et al. 2014). Customs, Excise and Preventive Service (CEPS) data indicate that as of July 

2012, the total tractor count had increased to about 7,500 units in the country. Consistent with this pattern, 

a survey conducted by the International Food Policy Research Institute (IFPRI) and Savannah 

Agricultural Research Institute (SARI) in selected districts in 2013 shows that tractor ownership has 

increased substantially among farmers in the past five years. However, most farmers do not own tractors 

but depend on tractor hire services. The IFPRI and SARI survey (2013) indicates that about 80 percent of 

the tractor owners provide mechanization services to other farmers for a fee in addition to plowing their 

own farms. Nearly 80 percent of the total area plowed by tractor owners is plowed through service 

provision (IFPRI and SARI 2013). Animal traction is also being used by some farming communities in 

the three northern regions, but draft farm power has remained in the background of the current 

mechanization policy discussions (Houssou et al. 2013b). 

Northern Region and Survey Districts 

The survey area lies in the Guinea Savannah agroecological zone in the Northern region of Ghana. This 

region contains 20 of the 170 districts of the country. The survey districts include Savalegu-Nanton, West 

Mamprusi, and Tamale, the capital city of the Northern region, which hosts a considerable number of 

nongovernmental organizations. 

With the exception of drought years, the Northern region receives a unimodal rainfall averaging 

1,100 millimeters (mm) a year (SRID 2013), which along with other factors determines the volume of 

agricultural production in the region. Total rainfall displays an erratic pattern (Figure 4.2). In 2006 and 

2007, for example, the rainfall dropped to its lowest level during the period 2003–2012. Likewise, in 

2011 the rainfall dropped by 25 percent compared to the previous year (from 1,361 mm in 2010 to 1,083 

mm in 2011). Nonetheless, this pattern may not affect crop yields if rainfall is well distributed during the 

cropping seasons. 

Figure 4.2 Annual rainfall patterns in the Northern region of Ghana 

 

Source:  Compiled from SRID (2013). 
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With regard to population, between 2000 and 2010, both urban and rural population densities 

increased only slightly in the survey districts, with the exception of Tamale, which recorded a substantial 

increase in urban population density during the ten-year period (Table 4.2). 

Table 4.2 Dynamics of population density in the survey districts, 2000 and 2010  

District 

Land area 
(km2) 

Urban population 
density 

Rural population 
density 

2000  2010  2000 2010 

Northern region 72,865 7 10 18 24 
Tamale  720 274 381 134 135 
Savelugu-Nanton 2,200 15 25 26 38 
West Mamprusi 4,810 4 9 20 26 

Source:  Compiled from Ghana Statistical Service population census data (2000, 2010). 

Northern Ghana is mostly agrarian. The 2010 population and housing census data show that 70 

percent of the population in the region are rural, and 73 percent of the economically active population 

(over 15 years of age) are engaged in agriculture, forestry, and fishing. The region is a major food-

producing area in the country. In 2013, the Northern region is estimated to have contributed about 20 

percent of the national cereal production and 52 percent of the national legume production (SRID 2014). 

Trends in production at the regional level are similar to the pattern observed at the national level. In 2007, 

cereal crop areas, production, and yields declined (Figure 4.3). Likewise, in 2011, cereal production and 

yields declined even though farmers expanded their farmland. These results may have been driven by 

rainfall patterns in the region, as shown in Figure 4.2. Nonetheless, cereal crop areas and production have 

been on the rise since 2007, while yields have increased only marginally and have remained below 2 

metric tons per hectare (Figure 4.3). 

Figure 4.3 Agricultural statistics of the Northern region, 2005–2012 

 
Source:  Compiled from SRID data (2014). 

Note:  Achievable yields are 6 metric tons per hectare (maize), 6.5 metric tons per hectare (rice), and 2 metric tons per hectare 

(millet and sorghum). 



12 

At the district level, data on major cereal production show an increasing trend between 2005 and 

2012, with a few exceptions (Figure 4.4). Both the area cultivated and cereal production declined in 2007 

and 2011, a pattern that is consistent with the regional production data. 

Figure 4.4 Survey districts’ agricultural statistics, 2005–2012 

Source:   Compiled from SRID data (2014). 

Note:  Achievable yields are 6 metric tons per hectare (maize), 6.5 metric tons per hectare (rice), and 2 metric tons per hectare 

(millet and sorghum). 

With regard to agricultural mechanization, a census of tractor owners by the United States 

Agency for International Development (USAID) and Agricultural Development and Value Enhancement 

(ADVANCE) in 2013 shows that Savalegu-Nanton has 108 serviceable tractors, while Tamale is home to 

nearly 200 serviceable tractors. A study by Nakamura (2013) indicates that West Mamprusi has 58 

tractors. However, these numbers may not reflect the district levels of mechanization. Tractor owners are 

very mobile across districts during the farming season. Indeed, during our field interviews in 2013, 

farmers indicated that tractor owners travel from Tamale to Savalegu-Nanton, which is just a 15-minute 

drive, to render plowing services during the farming season. The recent survey by IFPRI and SARI (2013) 

suggests that owners migrate from districts in the south, such as Ejura, to provide plowing services to 

farmers in the three northern regions. Given the demarcation of farming seasons between the north and 

the south of the country, these owners stay in the north for 60 days before returning home (IFPRI and 

SARI 2013). 

Land tenure is characterized by essentially open access in northern Ghana, allowing the majority 

of the population to have sufficient access to land (see, for example, Braimoh 2009). A substantial share 

of land in the Northern region is managed by customary authorities (traditional chiefs or family heads). 

Compared to the south, where population growth and rapid urbanization exert considerable pressure on 

available land, the Northern region is still home to large tracts of farmland with relatively easy access. 

According to the induced innovation literature (Hayami and Ruttan 1971), farmers are expected to expand 

their farmland rather than intensify in the presence of large and cheap tracts of land. Therefore, the 

conditions seem to be met to allow us to observe the full impact of mechanization on cropland expansion 

in the study area.  

Data on soil texture show that sandy loam soils are dominant in Savelugu-Nanton and West 

Mamprusi, whereas silty loam soils predominate in Tamale. Silty loam soils hold more nutrients and 

water and are therefore considered more productive than sandy loam soils (Chapoto and Tetteh 2014). 

  



13 

In sum, the trends of agricultural mechanization and production show that farmers’ access to 

tractors has increased considerably over the last few years in Ghana, as have cropland areas and the 

production of major cereal crops. Increases in cropland areas and production may be driven by various 

factors, including increases in manual, draft, or tractor-based farm power and/or increased use of inputs, 

which in combination may reinforce or cancel out their individual net effects. Given the role that farm 

mechanization is expected to play in Ghana, it is essential to assess whether tractor-based farm power has 

led to cropland expansion and farm input intensification among households in the country. 
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5.  DATA AND METHODOLOGY 

Data 

This paper uses data from a three-year household-level panel survey of 936 farming households in three 

districts in northern Ghana: Tamale municipality, West Mamprusi, and Savelugu-Nanton (Figure 5.1). 

Innovations for Poverty Action (IPA) implemented the survey between 2010 and 2012. The initial sample 

of surveyed households was drawn from data from the Ghana Living Standards Survey 5 Plus (GLSS5+), 

a survey conducted between April and September 2008 by the Institute of Statistical, Social and 

Economic Research (ISSER) at the University of Ghana–Legon in collaboration with the Ghana 

Statistical Service. The GLSS5+ uses a clustered representative random sample with households 

randomly chosen based on a census of selected enumeration areas in the 23 Millennium Development 

Authority (MiDA) districts. From the GLSS5+ sample frame, IPA selected communities in which to 

administer the “Examining Underinvestment in Agriculture (EUI)” survey in three districts, Tamale 

municipality, West Mamprusi, and Savelugu-Nanton. 

Attrition is not very high in this survey, with only 152 households (about 13 percent) of the 

initially sampled households not being reinterviewed in subsequent survey years. The first wave of 

surveys in 2010 interviewed 1,088 households, of which 1,041 were reinterviewed in 2011 and 936 were 

reinterviewed in 2012. 

Figure 5.1 Map of Ghana showing the survey districts 

 
Source:  HarvestChoice and GADM (2014) data. 
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Methodology 

Determinants of Tractor Use and Tractor Use Intensity 

Before estimating the impacts of mechanization on cropland expansion, fertilizer, and labor use, we first 

modeled the factors that explain the household’s decision to use a tractor to plow as well as the 

determinants of the intensity of mechanization, as measured by the proportion of area plowed by a tractor. 

We ran logit regression on the three-year panel data to estimate the effect of the independent variables on 

the probability of a household mechanizing its plowing operations. The dependent variable is a binary 

variable that takes the value of 1 if the household used a tractor for plowing and 0 otherwise. Since draft 

power is also used for plowing in the districts, we controlled for draft animal ownership in the models. 

We use the xtlogit command of Stata to estimate the empirical model of the tractor use decision as 

follows: 

TPit = α + β1Tit + β2Ait + φXit + φ'Dit + φ''Yit + εit,            (1) 

where TP is the binary dependent variable representing tractor plowing, which equals 1 if the household 

uses a tractor to plow and 0 otherwise; T and A are dummy variables for a household owning a tractor and 

draft animals, respectively; X is a vector of other control variables, including age of household head and 

its squared term,5 gender of household head, years of education of household head, log of landholding 

size owned by the household, binary variables for households reporting cereals and legumes as their main 

crops, and hired labor use per hectare (total labor hours used per hectare). The full list of the variables 

used in the models is presented in Table A.1 in the Appendix. D and Y represent the district and year 

dummy variables, respectively. 

To determine the factors influencing the intensity of tractor use, we estimated correlated random 

effect (CRE) models using the panel data. Our dependent variable in this case is the area plowed by a 

tractor (in hectares), and the independent variables are similar to those used in the model estimated in 

equation (1). Since CRE models are also used for estimating the impacts of mechanization on cropland 

expansion, we justify the use of CRE in both models in the next section. 

Impact of Mechanization on Cropland Expansion 

To examine the impact of mechanization on cropland expansion, we also estimated CRE models using the 

three-year panel data. Alternative estimation methods that could be used include pooled ordinary least 

squares (POLS) with fixed or ordinary random effects; compared with CRE models, these methods may 

produce inefficient and biased results. With the fixed effects approach, the model can be specified as 

follows: 

, (2) 

where captures all the household unobserved, time-constant factors that affect cropland expansion 

( ). The underlying assumption of the fixed effects specification is that the explanatory variables (Xit) 

and unobserved heterogeneity ( ) are correlated. However, if the unobserved heterogeneity is 

uncorrelated with any of the explanatory variables in all time periods, then estimating equation (2) using 

fixed effects is inefficient. An alternative is to estimate a random effects model, which allows the 

inclusion of time-constant variables as follows: 

 (3) 

                                                      
5 We introduced a squared term on age of household head in the model in order to control for the nonlinearity of the effects 

of the age of the head. 

yit =ai +Xitb +mit

i
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y

i


yit = b0 +Xitb +eit,  where eit =ai +mit.
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However, this specification still assumes that the fixed effects factor is uncorrelated with the 

explanatory variables, which may not be the case. To overcome the shortcomings of both fixed and 

random effects estimators, we used the correlated random effects (CRE) or the Mundlak-Chamberlain 

device proposed by Mundlak (1978) and Chamberlain (1984), where we included time average variables 

for all time variant explanatory variables in our estimation. With a CRE model, the household unobserved 

time constant factors  are modeled as follows: 

, 
(4) 

where  represents the time-averaged  over the various panel periods. This model allows 

controlling for unobserved time-constant heterogeneity as in equation (2) with fixed effects, as well as 

measuring the effects of time-invariant independent variables as with the random effects model specified 

in equation (3). In general, the CRE model unifies both the fixed and random effects estimation 

approaches. The only drawbacks of the CRE estimator are that we need to impose somewhat strong 

assumptions, such as a strict exogeneity conditional on  and a standard normal distribution on the 

estimated model. 

Impact of Mechanization on Fertilizer and Labor Use and Use Intensity 

The main dependent variables in the fertilizer use and use intensity models are whether the household 

uses fertilizer or not (1 if the household uses fertilizer and 0 otherwise) and the quantity of fertilizer use 

measured in kilograms per hectare, with hectares plowed as an independent variable. However, major 

econometric issues arise when modeling the impact of mechanization on fertilizer use intensity. The 

quantity of fertilizer used by farmers in our survey has a highly positive skewed distribution. Since only 

23 percent of the households did not use fertilizer, the distribution of the quantity of fertilizer exhibits a 

large number of cases lumped as 0, with the remaining observations being greater than 0. Since the 

decision to use fertilizer produces a 0 value for the quantity of fertilizer, we modeled this as a corner 

solution and not a censored observation. The rationale for a corner solution model is that a value of 0 

fertilizer used is a valid economic choice to be explained, not an indication of missing data. 

Therefore, in estimating the impact of mechanization on fertilizer use and use intensity, we 

followed Burke’s (2012) recommendation to fit the Cragg’s double-hurdle model to gain efficiency due to 

the corner solution associated with fertilizer use intensity. The Cragg’s double-hurdle model (Cragg 1971) 

is a bivariate generalization of the Tobit model, but, unlike Tobit, it allows both the decisions about 

whether to use fertilizer or not and about the quantity of fertilizer to use to be determined by different 

processes. The double-hurdle model is designed to analyze instances of an event that may or may not 

occur, and if it occurs, it takes on continuous positive values. In the case of fertilizer use, we assume that 

a decision to use fertilizer or not comes first, followed by the decision on what quantity of fertilizer to 

use. The structure of our double-hurdle model is as follows: 

FertUit* = γX1t + ei  ei ~ N(0, σ2),     (5) 

where FertUi = 1 if FertUi* > 0, otherwise FertUi = 0. 

FertQit* = βX2t + ui  ui ~ N(0, σ2),     (6) 

where FertQi = FertQi* if FertQi* > 0 and FertUi = 1, otherwise FertQi = 0. 

The subscript it refers to the ith farmer during period t, FertUit is the observable discrete decision 

to use fertilizer or not, and 𝐹𝑒𝑟𝑡𝑈𝑖𝑡
∗  is the latent (unobservable) variable of FertUit. 𝐹𝑒𝑟𝑡𝑄𝑖

∗ is an 

unobserved, latent variable of the quantity of fertilizer used, while FertQi is the observed quantity of 

fertilizer used. X1 and X2 are vectors of explanatory variables assumed to be exogenous in the fertilizer use 

and use intensity equations, and γ and β are parameters to be estimated under the conditional 
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independence of the latent variable distribution. Thus, conditional on X, there is no correlation between 

the disturbances from the fertilizer use (ei) and use intensity (ui) equations. 

As mentioned above, we also estimated the impacts of mechanization on labor use (which takes 

the value 1 if the household uses hired labor and 0 otherwise) and use intensity (measured by the number 

of hours hired labor is used per hectare) using a logistic regression and a CRE model, as described above. 

Description of Model Variables 

Following the conceptual framework presented in Section 3, the set of covariates used in the models seek 

to capture farming households’ characteristics and their input use, while controlling for district and time 

effects in the panel. These covariates broadly consider exogenous variables that have been shown to 

influence or have an impact on mechanization, cropland expansion, and intensification (see, for example, 

Braimoh 2009; Cungara and Darnhofer 2011; Chapoto and Ragasa 2013). Demographic variables, 

especially age, gender, and education of household head, were introduced in the models to control for 

differences in farmer characteristics. The squared age term was included in the models to control for 

nonlinearity in the age of the household head.  

We also included variables to control for the types of crops grown, cropland expansion, and input 

use. The types of crops grown are important because not all crops require tractor plowing. While grains 

such as cereals and legumes require land plowing, roots and tubers are generally grown on hand-hoe-

prepared mounds. Likewise, cropland expansion and input use generally depend on the crop type. 

Inputs such as labor (family and hired labor), fertilizer, and chemicals are essential for 

agricultural production and for sustaining livelihoods in northern Ghana. Hired labor has become scarce 

due to increasing nonfarm opportunities in rural areas, rural-urban migration, and increasing labor 

demand from the growing nonagricultural sectors of the Ghanaian economy (Diao et al. 2014). A national 

fertilizer subsidy program has been implemented in the country since 2008 in order to increase fertilizer 

use among farmers and meet the country’s growing food needs (Benin et al. 2012). Fertilizer use is 

widespread in northern Ghana due to the generally poorer soil quality compared with the south, but 

fertilizer use intensity remains low (Chapoto and Ragasa 2013). Landholding size and access to credit 

were used as proxies for assessing the role played by access to productive resources in facilitating 

mechanization, cropland expansion, and access to inputs. 

The distance to plots was used to assess whether farm remoteness explains or impacts 

mechanization, cropland expansion, and input use. Land fragmentation is another key variable introduced 

in the model because it is expected to limit the use of tractors, the spread of tractorization, and cropland 

expansion. Previous research (Benin et al. 2012) and our field interviews in 2012 and 2013 in northern 

Ghana suggest that owners prefer plowing large tracts of contiguous farmland rather than small and 

fragmented plots, which increase travel time between farms and reduce tractor efficiency and service 

profitability. Tenure security measured by the degree of control over the household’s farmland is also 

expected to influence mechanization, land expansion, and input use, but we cannot predetermine the 

direction of the effect. 

We also controlled for district fixed effects as well as time effects in the models in order to capture 

district and time differences over the survey period. The inclusion of such variables also captures the effects 

of omitted variables as well as the effects of other unobservable factors in the models. The set of 

independent variables in the models will differ depending on the outcome variables. For example, 

variables such as land cultivated and the household crop commercialization index appear strictly 

endogenous in the estimation of the determinants of mechanization and hence were excluded from that 

particular model. Likewise, we refrained from introducing household size into the models because it is 

highly correlated with total labor use per hectare by the household. Tractor ownership was not included in 

the tractor use model because all the households owning a tractor used their tractor to plow. Fallow land 

and land fragmentation were not considered in the labor and fertilizer models because these variables 

were deemed irrelevant for these models. Finally, legume crops were excluded from the fertilizer models 

because none of the farmers used fertilizer on these crops, as they have the ability to fix their nitrogen 

from the atmosphere. 



 

18 

6.  RESULTS AND DISCUSSION 

Descriptive Results 

Patterns of Mechanization and Demographic Characteristics of Farmers in the Panel 

The broad term mechanization refers to both animal- and tractor-based farm power, while tractorization 

refers to tractor plowing. Table 6.1 shows how the characteristics of tractor users compare with those of 

draft animal users and nonusers in the pooled sample.6  

Table 6.1 Farm power use and demographic characteristics of farmers: Pooled sample 

 
Overall 

Farm power use for plowing 

Characteristics 
Tractor 

only 
Tractor  
& draft 

Draft 
only 

Nonusers 
(did not plow) 

Number of observations 2,808 2,205 273 187 143 

Farm power use rate (%) 94.9 78.5 9.7 6.7 5.1 

Tractor ownership (%) 1.5 1.8 .7 .0 .0 

Draft animal ownership (%) 4.4 2.8 14.3 11.8 1.4 

Hiring of tractor for plowing (%) 86.8 98.2 99.3 .0 .0 

Hiring of draft animals for plowing (%) 11.2 .0 68.5 67.9 .0 

Age of household head (years) 44.7 44.7a 44.0a 46.4a 44.0a 

Years of education of household head 3.2 3.2a 3.7a 2.5a 3.1a 

Female-headed households (%) 3.5 3.6 1.1 5.9 4.2 

Household size 7.2 7.2a 8.1b 6.9a 6.5a 

Source:  Authors’ estimations based on EUI survey, northern Ghana (2009; 2010; 2011). 

Notes:  Values in the same row and subtable not sharing the same subscript are significantly different at p < .05 in the two-sided 

test of equality for column means. Cells with no subscript are not included in the test. Tests assume equal variances. 

Tests are adjusted for all pairwise comparisons within a row of each innermost subtable using the Bonferroni correction. 

The farm power use rate is high in the sample, with about 95 percent of the farming households 

using either a tractor or draft animals for plowing. With respect to the source of power used for plowing, a 

breakdown by type shows that 79 percent of the households used a tractor only, 10 percent used both 

tractor and draft power, and 7 percent used draft animals only. Overall, tractors are by far the main farm 

power used in the sample (88 percent). Draft animal use amounts to 16 percent overall.  

Tractor use in the survey districts takes place primarily through tractor hiring, as tractor 

ownership is very low in the sample; only 1.5 percent of the farmers own tractors. Indeed, 98 percent of 

tractor users in the sample hired plowing services, indicating that there is a vibrant tractor hiring market in 

the region. Cunguara and Darnhofer (2011) find a similar pattern in Mozambique. These results are also 

consistent with findings from a recent survey by IFPRI and SARI in 2013, which indicate that in addition 

to plowing on his or her own farm, every tractor owner served 100 other farmers on average during the 

plowing season. 

Similarly, the draft animal hiring rate is higher than the ownership rate in the sample (11 percent 

versus 4.4 percent). The use of draft animals is more widespread in a few districts in the three northern 

regions (for example, Tolon-Kumbungu, Talensi, Kassena-Nankana East, Kassena-Nankana West, Sissala 

East, Sissala West, Lambusie), where owners offer services to their neighbors in addition to using the 

animals on their own farms (Houssou et al. 2013b). As shown in Table 6.1, few farming households 

combine both tractor and draft power to meet their farm power needs, probably because one type of 

                                                      
6 For reasons of brevity, we compare only the groups using the pooled sample. A breakdown of the results by year is 

presented in Table A.2 in the Appendix. 
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power may not be suitable for their farm plots (for example, some areas may be stony, shallow, or hilly 

farmland), or they may use draft power only to supplement tractor power, which may not be available on 

time. 

With regard to demographic characteristics, household heads in the sample are 45 years old and 

have 3 years of education on average (Table 6.1). Across farm power groups, there is no statistically 

significant difference between tractor users, draft animal users, users of both technologies, and nonusers 

in terms of age and education of household head. However, the results show that households using both 

forms of farm power have on average one more member (eight members) than the other three groups, 

with the households of tractor users, draft users, and nonusers having seven members on average. In 

general, female household headship in the three districts is very low, with only 33 households headed by 

females in each survey round, thus 99 cases (4 percent) in the pooled sample. Interestingly, 94 percent of 

the female-headed households used either a tractor, draft animals, or both forms of farm power for 

plowing. These results suggest higher access to tractor-based mechanization among female-headed 

households than among male-headed households. 

Relationship between Land Size, Cropping Pattern, Input and Farm Power Use 

The results in Table 6.2 show that in the three districts the average farmer controls about 6 ha of land. But 

users of both tractor power and draft animals have on average more land (7 ha) than do users of tractor 

power only (6.1 ha) or draft animals only (5.4 ha), while nonusers of farm power have the least land (4 

ha). In terms of cropped farmland in the three districts, the average farmer cultivates about 4 ha. As 

expected, the amount of cultivated farmland differs statistically across the four farm power groups. Users 

of both types of farm power cultivated 5 ha on average, followed by tractor users (4 ha), draft animal 

users (3 ha) and nonusers of farm power (2 ha). The same pattern applies to the area plowed. This pattern 

suggests that farm power may have an additive rather than substitution effect among farming households 

in the survey districts, with users of both types of farm power cultivating more land than nonusers. These 

results are also consistent with Binswanger (1978), who observed more than three decades ago that tractor 

farms are usually larger than nontractor farms in the Indian subcontinent. 

It is worth mentioning that both the area cultivated and the area plowed increased from 2009 to 

2010 but decreased in 2011 (see Table A.2 in the Appendix). This pattern is probably due to the low 

rainfall recorded in 2011 in the Northern region (see Figure 4.2). The fact that farm power users in the 

sample plowed only 60 percent of their landholdings, combined with an overall cropping intensity of 66 

percent, indicates that these users still have the potential to expand their cultivated areas. We see similar 

results among tractor owners, who plowed only 67 percent of their farmland (see Table A.3 in the 

Appendix). These results suggest that other factors may have constrained tractorization among these 

farmers. 

With regard to crop production, Table 6.2 shows that 93 percent of farmers in the sample grew 

cereals (maize, rice) as their main crops. A similar pattern applied across farm power groups: nearly all 

the farmers in each group grew cereals as their main crops. Conversely, only 42 percent of farmers in the 

sample grew legumes as their main crops. Across farm power groups, about a quarter of draft animal 

users (25 percent) and nonusers of farm power (22 percent) grew legumes, whereas 43 percent of tractor 

users and 52 percent of users of both types of farm power reported growing these crops as their main 

crops. In terms of commercialization, there are no differences across farm power groups, with all 

households commercializing about 53 percent of their production. 
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Table 6.2 Farming characteristics and farm power use for plowing: Pooled sample 

 

Overall 

Farm power use for plowing 

Characteristics 
Tractor 

only 
Tractor & 

draft 
Draft 
only 

None 
(did not plow) 

Number of observations 2,808 2,205 273 187 143 

Landholding size (ha) 6.1 6.1a 7.2b 5.4a,c 4.2c 

Land cultivated (ha) 4.0 4.0a 4.9c 3.4b 2.4d 

Area plowed by tractor/bullock (ha) 3.6 3.8a 4.7c 2.8b .0d 

Cereals as main crops (%) 92.7 92.4 96.7 93.6 88.8 

Legumes as main crops (%) 41.9 43.4 52.0 25.1 22.4 

Commercialization index (%) 52.5 52.9a 51.6a 50.1a 50.4a 

Total labor used per ha (hours) 83.9 83.1a 80.9a 89.7a 93.4a 

Ratio of hired labor to total labor per ha (%) 12.6 13.8a 9.6b 6.7b 6.8b 

Inorganic fertilizer use (%) 76.7 78.8 80.6 64.7 52.4 

Total inorganic fertilizer (kg/ha) among users 90.0 92.0a 67.4b 88.1a,b 112.6a 

Chemical weeding (%) 53.8 58.0 50.9 31.0 25.2 

Number of hectares fallowed .25 .26a .30a .18a .24a 

Land fallowed (% of total land) .12 .11a .09a .09a .27b 

Land fragmentation (proportion of plots measuring 
less than 0.8 hectare or 2 acres) (%) 

11.3 11.0a 13.0a,b 8.4a 17.9b 

Average distance from homestead to plots (km) 3.9 4.3a 2.2b 2.1b 3.1a,b 

Tenure security (= 1, 0 otherwise)  29.6 30.3 28.9 25.7 24.5 

Credit from banks / microfinance institutions (=1, 0 
otherwise) 

2.5 2.6 3.3 2.1 .7 

Source:  Authors’ estimations based on EUI survey, northern Ghana (2009, 2010, and 2011). 

Notes:  ha = hectare; kg = kilogram; km = kilometer. Values in the same row and subtable not sharing the same subscript are 

significantly different at p < .05 in the two-sided test of equality for column means. Cells with no subscript are not 

included in the test. Tests assume equal variances. Tests are adjusted for all pairwise comparisons within a row of each 

innermost subtable using the Bonferroni correction. 

With respect to input use, farmers in the sample used about 84 labor hours per hectare on average. 

There are no statistical differences in terms of the total labor hours per hectare, although nonusers of farm 

power recorded the highest number of labor hours per hectare (93 labor hours per ha), followed by draft 

animal users (90 labor hours/ha), tractor users (83 labor hours), and users of both types of farm power (81 

labor hours/ha). Roughly speaking, these results suggest that there is no labor substitution effect resulting 

from mechanization, a pattern that will be tested and confirmed below. However, the ratio of hired labor 

to total labor use per hectare is significantly higher among tractor users than among the other farm power 

groups, suggesting that tractorization may be associated with stronger intensity of hired labor use or larger 

holdings, which make labor hiring essential. 

The inorganic fertilizer use rate is higher among tractor users (79 percent) and users of both types 

of farm power (81 percent) than among draft animal users (65 percent) and nonusers (52 percent). 

However, the intensity of fertilizer use is higher among nonusers (112 kilograms per hectare (kg/ha) than 

among tractor users (92 kg per ha), draft animal users (88 kg/ha), and users of both types of farm power 

(67 kg/ha). Draft animal users and users of both types of farm power applied less fertilizer per hectare 

than did tractor users and nonusers, but statistical testing of these results does not show a clear pattern. 

Chemical weeding application rates are high among tractor users and users of both types of farm power 

compared to draft animal users and nonusers of farm power. 

The results regarding fallow land indicate a significant difference between the groups only with 

respect to nonusers, who fallowed significantly more land as a percentage of their total landholdings 

compared with farm power users. Likewise, land fragmentation is significantly higher among nonusers 
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and users of both farm power than among tractor and draft animal users. There is no statistical difference 

between tractor and draft animal users in terms of land fragmentation. 

Table 6.2 also shows that the average distance to plots is higher among tractor users than among 

draft animal users, users of both types of farm power, and nonusers, indicating that tractor users farm 

farther away from their communities. However, the difference in distance to plots between users and 

nonusers of farm power is not statistically supported. About 30 percent of farmers in the panel have 

secure land tenure. Tenure rates are fairly comparable across farm power groups. Access to credit is very 

low (3 percent) in the sample. 

Relationship between Tractor-Based Mechanization, Farm Size, and Farming 
Intensification 

To gauge whether there is a relationship between tractor-based mechanization and farm size, we created 

scatterplots comparing the area plowed by tractor and the total land cultivated in the panel, by year. 

Figure 6.1 indicates that there is a positive correlation between the area plowed with a tractor and the area 

cultivated during the three-year period. Thus, the larger the farm size the larger the area cultivated by a 

tractor. The fitted line suggests that plowing with a tractor may be essential for expanding cropland. 

Figure 6.1 Relationship between land plowed by tractor and total land cultivated, by year 

 
Source:  Authors’ estimations based on EUI survey, northern Ghana (2009, 2010, and 2011). 

Note:   ha = hectare. 

Furthermore, we assess in Figures 6.2 and 6.3 whether there are any relationships between 

tractorization (the number of hectares plowed with a tractor) and farming intensification, measured by the 

quantity of fertilizer (kilograms) and total labor (hours) used per hectare. The scatterplots in Figure 6.2 

show that most of the farmers in the panel are concentrated in the lower right-hand side of the graphs, 

irrespective of the survey year. As the area plowed with a tractor increases, the quantity of fertilizer used 

decreases. Thus, there is an inverse relationship between area plowed and intensity of fertilizer use. 
With regard to land plowed and labor use, Figure 6.3 suggests an inverse relationship between 

total labor use and area plowed: the more land plowed with a tractor, the lower the total labor used per 

hectare. Agricultural mechanization, especially the mechanization of land preparation, may have reduced 

labor needs per hectare among tractor users. Farmers have indeed substituted labor for tractor use. They 

may have allocated saved time to further farmland expansion, off-farm diversification, or leisure. This 
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result is consistent with Ngeleza et al. (2011), who indicate that mechanized plowing for maize 

production leads to a 25 percent decrease in the total labor demand in Ghana’s cereal belt. Nonetheless, as 

total labor use per hectare decreases (Figure 6.3), hired labor use increases with the area plowed (see 

Figure A.1 in the Appendix). 

Figure 6.2 Relationship between land plowed by tractor and fertilizer used per hectare, by year 

 
Source:  Authors’ estimations based on EUI survey, northern Ghana (2009, 2010, and 2011). 

Note:   ha = hectare. 

Figure 6.3 Relationship between land plowed by tractor and total labor used per hectare, by year 

 
Source:   Authors’ estimations based on EUI survey, northern Ghana (2009, 2010, and 2011). 

Note:   ha = hectare.
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The patterns of input use intensification observed in Figures 6.2 and 6.3 suggest an inverse 

relationship between intensification and tractor-based mechanization. These results are consistent with the 

observed yield patterns, which suggest that maize yield decreases with increasing area plowed by a tractor 

(see Figure A.2 in the Appendix). The results also align with the literature on farm size and productivity. 

For example, Binswanger, Deininger, and Feder (1995) claim that small farms use resources more 

efficiently than large farms and produce higher yields per hectare, or greater total value added per hectare, 

than larger farms. 

Estimation Results 

Results from the econometric models are presented in the following subsections, starting with the factors 

that explain tractor use and use intensity among farming households in the survey districts, followed by 

the estimation of the impacts of mechanization on cropland expansion. The last subsection assesses the 

impacts of farm mechanization on intensification of labor and fertilizer use and use intensity. 

Determinants and Intensity of Agricultural Mechanization 

The results presented in Table 6.3 show a negative and statistically significant effect of draft animal 

ownership on tractor use; thus, draft animal owners are less likely to plow with a tractor. This result is not 

surprising; owning draft animals reduces the odds of plowing with a tractor by 41 percent. 

Table 6.3 Factors explaining the use of tractors for plowing and the number of hectares plowed 

Variable 

Binary logit  Correlated random effect (CRE) 

Tractor plowing 
(=1, 0 otherwise) 

 Area plowed by tractor 
(hectare) 

Odds 
ratio 

Standard 
error 

 
Coefficient 

Standard 
error 

Own draft animals (=1, 0 otherwise) -0.416* 0.246  0.273 0.209 

Own tractor (=1, 0 otherwise) - -  1.382 0.855 

Age of household head (years) 0.017 0.034  0.037 0.030 

Age of household head squared -0.000 0.000  -0.000 0.000 

Female-headed household (=1, 0 otherwise) 0.075 0.529  -0.058 0.225 

Years of education of household head 0.011 0.016  -0.004 0.007 

Log of landholding size 0.586*** 0.147  1.287*** 0.135 

Cereals as main crops (=1, 0 otherwise) 0.922** 0.356  0.268* 0.163 

Legumes as main crops (=1, 0 otherwise) 0.766*** 0.217  0.272** 0.088 

Total labor used per ha (hours) -0.002 0.001  -0.003*** 0.001 

Ratio of hired labor to total labor per ha (%) 1.572** 0.589  0.370* 0.220 

Inorganic fertilizer use (=1, 0 otherwise) 0.731** 0.228  0.564*** 0.109 

Total inorganic fertilizer used (kg/ha) -0.000 0.001  -0.003*** 0.001 

Average distance from homestead to plots (km) 0.053** 0.022  -0.003 0.005 

Land fallowed (% of total land) -0.226 0.283  -0.305* 0.166 

Land fragmentation (proportion of plots 
measuring less than 0.8 ha or 2 acres) (%) 

-0.004 0.005  0.009** 0.004 

Tenure security (=1, 0 otherwise) -0.233 0.188  -0.210** 0.083 

Credit from banks / microfinance institutions 
(=1, 0 otherwise) 

0.289 0.608  0.305 0.234 

District dummies (reference = Savelugu-Nanton)     

Tamale (=1) -0.287 0.318  0.066 0.119 

West Mamprusi (=1) -1.704*** 0.258  -0.564*** 0.153 

Time (reference year = 2009)      

Survey year 2010 (=1) 0.941*** 0.190  0.663*** 0.070 

Survey year 2011 (=1) 0.336* 0.188  -0.047 0.086 

Constant 0.614 0.874  -1.016** 0.510 

Observations 2,805   2,805  

Log-likelihood 821.550     

Chi-squared 155.65   1,127.11  

Source:  Authors’ estimations based on EUI survey, northern Ghana (2009, 2010, and 2011). 

Note:   ha = hectare; km = kilometers. ***, **, * significant at the 99%, 95%, and 90% level respectively.
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Contrary to expectations, tractor ownership is not significant in the tractor use intensity model; 

thus, ownership of a tractor does not influence the area plowed. However, this result may be explained by 

the very low tractor ownership level in the survey districts (less than 2 percent), while more than 87 

percent of tractor users rely on tractor hiring services, as shown in Table 6.1. 

Coefficients on age, squared age, education, and gender of household head for both tractor use 

and use intensity are not statistically significant, suggesting that these factors are not key to explaining 

tractor use and use intensity among farming households in the three districts. 

With regard to land owned, landholding size displays a positive and significant relationship with 

tractor use and area plowed: the larger the landholding size, the higher the odds of the household using a 

tractor for plowing, and the larger the area plowed. This result conforms to expectations and economic 

theory, as farming households holding more land tend to cultivate more land, which is achieved through 

tractor plowing. This is especially true in labor-scarce economies such as Ghana. The result is also 

consistent with Cunguara and Darnhofer (2011), who indicate that tractor use may be more attractive to 

farmers with larger areas to plow. The coefficients on cereal and legume crops are positive and strongly 

correlated with tractor use and area plowed.  

With respect to labor inputs, the coefficients on total labor use per hectare have negative signs in 

both models, but with a statistically significant coefficient for the area plowed only. This result suggests 

that the higher the labor use per hectare, the smaller the area plowed. This pattern points to the existence 

of a labor substitution effect resulting from tractor use, as suspected based on the data presented in Figure 

6.3. The ratio of hired labor to total labor has a positive and statistically significant sign in both models. A 

percentage point increase in the ratio of hired labor per hectare significantly increases the odds of using a 

tractor, by 1.5, and the area plowed by 0.4 ha. These results are consistent with the bivariate statistics, 

which suggest a relationship between hired labor use intensity and area plowed.  

To clarify the pattern of labor substitution displayed by the model, we disaggregate total labor use 

by farming operations to the extent allowed by the data (see Table A.4 in the Appendix). The breakdown 

suggests that tractor users employ significantly less labor than do draft animal users and nonusers for 

clearing, land preparation, and planting operations combined. With regard to crop husbandry, harvesting, 

and postharvest processing operations considered separately, tractor users, draft animal users, and 

nonusers of farm power employ the same amount of labor statistically, with the exception that draft 

animal users employ more labor for crop husbandry than do tractor users. Unfortunately, the data do not 

allow us to disaggregate labor by single operations, but the breakdown does indicate that labor 

substitution occurs with respect to the power-intensive land preparation for which tractor plowing is used. 

The coefficients on fertilizer use are positive and significant in both models. Thus, using fertilizer 

increases the odds of using a tractor by 0.7 and the area plowed by 0.6 hectares on average. However, the 

quantity of fertilizer used per hectare is negative and significantly correlated with the area plowed, 

suggesting an opposite pattern. This result confirms the existence of an inverse relationship between area 

plowed and fertilizer use per hectare, as shown in Figure 6.2. 

The coefficient on the average distance to plots is positive and significantly correlated with 

tractor use but not with the area plowed. This indicates that distance to plots is a major determinant of 

tractorization but not of the intensity of tractor use. Farms that are farther away from the homestead tend 

to be larger than those close to where the farmers live. This is because farmland located in and around 

communities where people live is subject to intense fragmentation resulting from demographic pressures. 

Distant farms are more likely to be plowed with a tractor. A breakdown of the farm size by terciles of 

distance to plots confirms this relationship.7 

Area fallowed (as a percentage of total land) is negatively associated with tractor use and area 

plowed, but this variable is significantly correlated with the area plowed only. The larger the area 

fallowed, the smaller the area plowed. This result conforms to the expectation that the practice of 

                                                      
7 Farmland cultivated amounts to 3.6 ha, 4.0 ha, and 4.3 ha by terciles of increasing distance to plots. 
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fallowing reduces the total amount of land available for farming and therefore may reduce the area 

plowed.  

Land fragmentation displays a positive and significant correlation only with the area plowed. The 

more fragmented the plots, the larger the area plowed. This result contrasts with the expectation that land 

fragmentation is not conducive to mechanized plowing: tractor owners in Ghana often complained about 

the fragmented nature of farmland, leading to inefficiencies in the tractor hiring market (see, for example, 

Benin et al. 2012; Houssou et al. 2013a). Land fragmentation seems not to be an issue for tractor plowing 

among users. This finding may be explained by the low fragmentation rate in the sample (only 11 percent 

of the farm plots measure less than 0.8 hectare or 2 acres). 

Tenure security is negative and statistically significant in the tractor use intensity model. This 

means that under strong or guaranteed land tenure, farmers tend to plow less farmland than under a 

system with weak tenure. This result is consistent with the open access tenure characteristic of northern 

Ghana. Therefore, strong tenure security may not be a precondition for the use of agricultural 

mechanization, especially tractor plowing in this part of Ghana. Access to credit is weakly associated with 

tractor use and area plowed. 

With regard to district-level effects, there is no difference between Tamale and Savalegu-Nanton 

in terms of tractor use and use intensity. This result is probably due to the movement of tractor service 

providers across both districts, which are just a 15-minute drive apart. However, living in West Mamprusi 

significantly reduces the odds of using a tractor, by 1.7, and the area plowed by 0.6 ha, on average, 

compared with Savalegu-Nanton. West Mamprusi is about a two-hour drive from Savalegu-Nanton. 

While the tractor use rate is lower in West Mamprusi than in Savalegu-Nanton (78 percent versus 93 

percent), survey data indicate that one-third of the farmers (32 percent) in West Mamprusi used draft farm 

power, compared to 11 percent of farmers in Savalegu-Nanton.  

With regard to the time effect, the odds of using a tractor among farmers in the panel were 0.9 

and 0.3 higher in 2010 and 2011, respectively, compared to 2009. But the area plowed increased (by 0.7 

ha in 2010 only compared to 2009. There were no significant effects of 2011 on the area plowed 

compared to 2009. 

Does Mechanization Lead to Cropland Expansion? 

Table 6.4 presents the net effects of the independent variables on cropland expansion. As mentioned 

above, we controlled for the effect of animal farm power in the model. Cropland expansion is strongly 

correlated with both area plowed with a tractor and area plowed with draft animal power. A 1-hectare 

increase in the area plowed by a tractor increases cropland area by 12 percent. Likewise, a 1-hectare 

increase in the area plowed by draft animals increases cropland area by 11 percent on average among 

draft animal users. These results show that farm mechanization did have a positive impact on cropland 

expansion during the survey period. This result is consistent with Verma (2006), Pingali (2007), and Van 

der Berg et al. (2007). The fact that northern Ghana is characterized largely by open land access (Braimoh 

2009) and pronounced farm power bottlenecks during land preparation (Diao et al. 2012) may indicate 

that there are positive benefits and no adverse equity effects (for example, little or no tenant or labor 

displacement) from farm mechanization. 
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Table 6.4 Impacts of agricultural mechanization on cropland expansion  

 Dependent variable: log cultivated area (ha) 

 
Coefficient 

Standard 
error 

Coefficient 
Standard 

error 
 (A) (B) (C) (D) 

Area plowed by tractor 0.1182*** 0.0062 0.1131*** 0.0082 

Area plowed by draft power (ha) 0.1069*** 0.0078 0.1081*** 0.0080 

Own draft animals (=1, 0 otherwise) 0.0432* 0.0236 0.0520** 0.0233 

Own tractor (=1, 0 otherwise) -0.0283 0.0695 -0.0222 0.0715 

Age of household head (years) 0.0031 0.0081 0.0032 0.0080 

Age of household head squared -0.0000 0.0001 -0.0000 0.0001 

Female-headed household (=1, 0 otherwise) -0.1839*** 0.0547 -0.1865*** 0.0540 

Years of education of household head -0.0018* 0.0010 -0.0014 0.0010 

Log of landholding size 0.2375*** 0.0254 0.2246*** 0.0243 

Cereals reported as main crops (=1, 0 otherwise) 0.1451*** 0.0293 0.1513*** 0.0292 

Legumes reported as main crops (=1, 0 otherwise) 0.0794*** 0.0169 0.0803*** 0.0165 

Total labor used per ha (hours) -0.0007*** 0.0001 -0.0007*** 0.0001 

Ratio of hired labor to total labor per ha (%) 0.0856** 0.0387 0.1818** 0.0661 

Inorganic fertilizer use (=1, 0 otherwise) 0.1212*** 0.0199 0.1184*** 0.0187 

Total inorganic fertilizer used (kg/ha) -0.0008*** 0.0001 -0.0014*** 0.0002 

Average distance from homestead to plots (km) 0.0029** 0.0013 0.0024* 0.0013 

Land fragmentation (proportion of plots measuring 
less than 0.8 hectare or 2 acres) (%) 

0.0002 0.0006 0.0002 0.0006 

Land fallowed (% of total land) -0.1786*** 0.0366 -0.1531*** 0.0353 

Tenure security (=1, 0 otherwise) -0.0119 0.0128 -0.0098 0.0126 

Credit from banks / microfinance institutions (=1, 0 
otherwise) 

-0.0004 0.0359 0.0194 0.0324 

District dummies (reference = Savelugu-Nanton)     

Tamale (=1) -0.0604** 0.0240 -0.1768*** 0.0417 

West Mamprusi (=1) -0.0518** 0.0235 0.0051 0.0378 

Time (reference year = 2009)     

Survey year 2010 (=1) 0.0425*** 0.0117 0.0478*** 0.0114 

Survey year 2011 (=1) -0.0197 0.0151 -0.0123 0.0148 

Interaction terms     

Area plowed by tractor*total labor hours/ha   -0.0290** 0.0133 

Area mechanized by tractor*kg of fertilizer/ha   0.0002** 0.0001 

Area mechanized by tractor*Tamale   0.0488*** 0.0107 

Area mechanized by tractor*West Mamprusi   -0.0158** 0.0074 

Constant -0.1308 0.0824 -0.0881 0.0828 

Observations 2,804  2,804  

Chi-squared 5,503.31  6,450.18  

Source:  Authors’ estimations based on EUI survey, northern Ghana, 2009, 2010, and 2011. 

Notes:  ***, **, * significant at the 99%, 95%, and 90% level respectively. 
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Tractor ownership is weakly correlated with cropland expansion. This result is consistent with the 

weak relationship observed between tractor ownership and area plowed in Table 6.3. The tractor 

ownership rate is very low in the sample, and most users rely on the tractor hiring market for land 

preparation. Conversely, ownership of draft animals is positively and significantly correlated with 

cropland expansion. Farm power from draft animals played an essential role in cropland expansion during 

the survey period, especially in West Mamprusi, where draft power is widely used. Yet the current policy 

is solely focused on tractorization; draft power technology has not received any attention from the 

country’s decisionmakers (Houssou et al. 2013b). 

With regard to demographic variables, the gender and education of the household head have an 

influence on cropland expansion, whereas the age of the household head does not seem to matter. The 

area cultivated by female-headed households declined by 18 percent during the survey period. 

Surprisingly, formal education in terms of years of schooling of the household head exhibits a negative 

relationship with cropland expansion. Higher levels of education achieved by the household head resulted 

in less cropland expansion, but this effect is very small (minus 0.18 percent). However, it is important to 

note that the average education level of the household heads in the sample was three years, indicating that 

the majority of the farmers in the three districts are not highly educated. 

Landholding size had a positive and significant impact on cropland expansion. Thus, a 1-hectare 

increase in landholding size increased cropland by 24 percent on average during the survey period. This 

impact is twice the effect that tractor-based mechanization or animal traction use has on cropland 

expansion. The result underscores the fact that holding size may be more important for cropland 

expansion than farm mechanization per se. It is also clear that larger landholdings are essential for farm 

mechanization to impact cropland expansion. 

The cultivation of cereal and legume crops had a net positive and highly significant impact on 

cropland expansion. Cultivating cereals and legumes as main crops increased cropland by 15 percent and 

8 percent, respectively, compared with other crops during the survey period. The results show that 

cropland expansion has been in part driven by cereal and legume production, but the impact of cereals is 

twice that of legume crops. These results are also consistent with the pattern observed in cereal 

production in the survey districts (Figure 4.4). 

With regard to input use, the results show that cropland expansion is influenced by total labor use, 

the ratio of hired labor used, fertilizer use, and use intensity. Total labor use (hours per hectare) had a 

negative impact, whereas the ratio of hired labor used per hectare had a positive impact on cropland 

expansion. The more labor farmers use per hectare, the less likely they are to expand their cropland. 

However, this impact is small; an hour increase in total labor per hectare reduces cropland areas by 0.07 

percent. In contrast, the greater the proportion of hired labor in total labor use, the greater the impact on 

cropland expansion. So, farmers who used more hired labor increased their farm size. These results are 

broadly consistent with the relationship between labor use and area plowed (Table 6.3). 

The impact of fertilizer use on cropland expansion is positive, whereas the impact of fertilizer use 

intensity is negative. Fertilizer users expanded their farmland by 12 percent compared with nonusers, but 

among users, the greater the amount of fertilizer used per hectare, the less farmers expanded their 

cropland. Nonetheless, this impact is very low, with a 0.08 percent reduction for every additional 

kilogram of fertilizer use. 

The significance of these results is twofold. First, fertilizer use has led to cropland expansion. 

Second, there is, however, an inverse relationship between use intensity and farm size, as reported above. 

Such results could be explained by the fact that increasing farm size is usually associated with higher 

costs of production, which farmers seek to minimize by reducing their input use per hectare as they 

increase farm size. The results regarding labor and fertilizer use are consistent with Braimoh (2009). 

The average distance from homestead to farm plots shows a significant and positive relationship 

with cropland expansion, indicating that farms that are farther from the homestead have expanded more 

than farms closer to the homestead. As mentioned above, this result is consistent with the breakdown of 

farm size by terciles of distance to plots. Under increasing demographic pressure, land expansion is only 
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possible where unused farmland is available, which tends to be farther away from communities’ 

homesteads. 

As expected, having more fallow land has a negative impact on cropland expansion. A 1 percent 

increase in the area fallowed reduces cropland by 18 percent on average. Allowing for fallow periods 

means reducing the land available for cultivation. Farmland fragmentation, tenure security, and access to 

credit did not have any significant impact on cropland expansion in the model. 

With regard to district-level effects, cropland expansion is significantly lower in Tamale and 

West Mamprusi than in Savalegu-Nanton. These results may be explained by district-level factors that 

could not be individually included in the models, such as district tractor availability, proximity to Tamale 

(the regional capital), and population density. While Tamale hosts by far the highest number of tractors, 

rural population density is quite high in the district, implying a higher labor-to-land ratio (that is, less land 

available for farming or expansion) compared with Savalegu-Nanton, as shown in Table 4.2. Due to its 

proximity to Tamale, Savalegu-Nanton benefits greatly from tractor owners who travel to provide 

plowing services to farmers in the district, which is underprivileged in terms of tractor numbers but has 

more farmland and a lower population density. 

Likewise, even though West Mamprusi has a lower population density than Savalegu-Nanton 

(that is, more land available), this district is farther away from Tamale and home to just a few tractors. On 

aggregate, the area planted with cereal crops has been constant during the survey period but is higher in 

Tamale than in Savalegu-Nanton and West Mamprusi (Figure 4.4) due to a higher rural population and 

higher tractor numbers.  

With regard to the time effect, cropland expansion was significantly higher in 2010 than in 2009. 

This result can be supported by our earlier observation that 2010 had the highest rainfall (greater than 

2009). There were no significant effects of 2011 on cropland areas. Indeed, rainfall decreased in 2011 

compared to 2009. 

Four interaction terms were introduced in the model to assess whether the impact of 

mechanization on cropland expansion is district specific and whether access to inputs (fertilizer and labor) 

has constrained farmers’ responses to tractorization. The results show a negative but significant effect of 

the interaction term area plowed*total labor hours per ha, suggesting that mechanization has significant 

negative differential impacts on cropland expansion among farmers who use more labor per hectare. This 

pattern is consistent with the inverse relationship between farm size and labor use intensity. The result 

confirms the substitution effects between labor and mechanization as observed above. From that 

perspective, policies that promote the migration of labor from agriculture to other sectors of the economy 

may indeed foster tractorization. 

In contrast, the interaction term area plowed*kg of fertilizer use per hectare is positive and 

significant. This result suggests that the impact of mechanization on cropland expansion is stronger 

among farmers who intensified their fertilizer use per hectare. This result suggests that promoting 

fertilizer use and use intensity may strengthen the impact of mechanization on cropland expansion. With 

regard to district-level interactions, the impact of tractorization on farmland expansion is significantly 

higher among farmers in Tamale and significantly lower in West Mamprusi compared to Savalegu-

Nanton. As mentioned above, this result may be driven by differences in access to tractors in the districts, 

with Tamale having the highest access, followed by Savalegu-Nanton and then West Mamprusi. 

Does Mechanization Lead to Intensification? 

In this section we present results from the models analyzing the net effects of mechanization on 

intensification, measured by fertilizer and hired labor use and use intensity (Tables 6.5 and 6.6). With 

regard to labor use, the estimates in Table 6.5 suggest that the larger the area plowed by a tractor, the 

higher the odds of using hired labor. However, there is no differential effect of tractorization on the 

quantity of hired labor per ha among users of hired labor. In other words, a 1-hectare increase in the area 

plowed increased the odds of hiring labor by 0.11, but an increase in the area plowed did not significantly 

increase hired labor use per hectare. Tractorization is not associated with greater intensity of hired labor 
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use, as suggested earlier by the bivariate analyses. This finding is consistent with the inverse relationship 

between farm size and labor intensification. In sum, mechanization, especially tractor plowing, has not led 

to intensification of hired labor use among farming households in the survey districts. This finding 

contrasts with Cunguara and Darnhofer (2011), whose results broadly suggest a labor intensification or 

diversification effect resulting from mechanization. 

Table 6.5 Impact of mechanization on hired labor and use intensity 

Variable Binary logit Correlated random effect 
(CRE) Hired labor use 

(=1, 0 otherwise) 
Hired labor use 
(hours/hectare) 

Odds ratio 
Standard 

error 
Coefficient 

Standard 
error 

Area plowed by tractor (hectare) 0.114*** 0.028 -0.332 0.214 

Area plowed by draft animals (hectare) 0.030 0.051 -0.099 0.314 

Own draft animals (=1, 0 otherwise) 0.209 0.522 3.118 7.787 

Own tractor (=1, 0 otherwise)  0.081 0.165 0.668 1.059 

Age of household head (years) 0.023 0.019 -0.444 0.320 

Age of household head squared -0.000* 0.000 0.004 0.003 

Female-headed household (=1, 0 otherwise) 1.419*** 0.334 7.814** 2.733 

Years of education of household head 0.020** 0.009 0.073 0.070 

Log of landholding size 0.099 0.105 -2.278* 1.286 

Cereals reported as main crops (=1, 0 otherwise) 0.115 0.213 0.203 2.583 

Legumes reported as main crops (=1, 0 otherwise) 0.446*** 0.118 3.095*** 0.925 

Inorganic fertilizer use (=1, 0 otherwise) 0.187 0.149 -0.818 1.410 

Total inorganic fertilizer used (kilogram/hectare) 0.003*** 0.001 0.016* 0.008 

Chemical weeding (=1, 0 otherwise) 0.870*** 0.114 1.975** 0.968 

Average distance from homestead to plots (kilometer) 0.010 0.008 0.078 0.172 

Tenure security (=1, 0 otherwise) -0.054 0.109 0.329 1.057 

Credit from banks / microfinance institutions (=1, 0 
otherwise) 

0.051 0.318 0.919 5.312 

District dummies (reference = Savelugu-Nanton)     

Tamale (=1) -0.341** 0.172 -2.307 1.647 

West Mamprusi (=1) -0.519*** 0.155 -2.300** 1.032 

Time (reference year = 2009)     

Survey year 2010 (=1) -0.093 0.113 -1.158 0.874 

Survey year 2011 (=1) 0.280** 0.123 2.800** 1.351 

Constant -1.543** 0.496 1.375 4.716 

Observations 2,808  2,808  

Log-likelihood -1,704.862    

Chi-squared 238.962  221.125  

Source:  Authors’ estimations based on EUI survey, northern Ghana (2009, 2010, and 2011). 

Notes:  ***, **, * significant at the 99%, 95%, and 90% level respectively. 

The area plowed by draft animals, however, did not have any impact on hired labor use and use 

intensity. Similarly, ownership of a tractor or draft animals did not have an effect on hired labor use in 

both labor models, contrasting with the expectation that farmers who own tractors are generally expected 

to be better endowed with productive capital, which is likely to lead to high use of inputs (Binswanger 

1978). 
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With regard to demographic variables, gender of household head displays a statistically 

significant sign in both models, while age and education of head are significant in the labor use model 

only. Age of household head has a nonlinear relationship with hired labor use; the odds of using hired 

labor decreases beyond a certain age, but there is no impact of household head age on labor use intensity. 

Being a female-headed household significantly increases the odds of using hired labor, by 1.4, compared 

with male-headed households. Likewise, being a female-headed household significantly increases hired 

labor use, by about 8 hours/ha, suggesting that female-headed households have less family labor available 

compared with male-headed households and hence resort to using more hired labor. The average female-

headed household has four members, compared to seven members for the average male-headed 

household. 

With regard to education, the results show that the higher the household head’s number of 

schooling years, the higher the odds of using hired labor, implying production beyond the abilities of the 

family laborers and/or participation in off-farm activities. This in turn may demand increased managerial 

skills (and thus more education) on the part of the household head (Enete, Nweke, and Tollens 2005). 

Consistent with the inverse relationship between farm size and input use, landholding size has a 

negative and statistically significant impact on hired labor use per hectare. Compared with other crops, 

producing cereals as the main crop neither increases the odds of hiring labor nor affects labor use 

intensity. The opposite trend applies when legumes are reported as the main crop. Legume crops such as 

soybeans, cowpeas, and groundnuts are produced primarily as cash crops; hence, there is a higher 

likelihood of using of hired labor because of the commercial nature of these crops.  

Fertilizer use did not have any effect on hired labor use and use intensity. However, fertilizer use 

intensity (quantity of fertilizer used per hectare) had a positive and significant impact on hired labor use 

and use intensity. A 1-kilogram increase in fertilizer use per hectare increases the odds of using hired 

labor by 0.003 and the quantity of hired labor by 0.016 hours per hectare on average. Increasing fertilizer 

use rates may require more hired labor inputs for fertilizer application, crop maintenance (for example, 

more weeding resulting in more fertilizer in the soil), and/or increased harvests (resulting from higher 

crop yields). Likewise, using chemicals increases both the odds of hiring labor and the quantity of hired 

labor used per hectare among users compared with nonusers. Distance to plots, tenure security, and access 

to credit did not have any significant impact on hired labor use and use intensity. 

With regard to district-level effects, farmers in Tamale and West Mamprusi were less likely to 

hire labor for farming operations than were those in Savelugu-Nanton. Also, farmers in West Mamprusi 

hired significantly less labor per hectare than their counterparts in Savalegu-Nanton. This may be due to 

the districts’ differences in farm expansion rates, which are much lower in Tamale and West Mamprusi 

than in Savalegu-Nanton (Table 6.4).  

With regard to the time effect, the odds of using hired labor were higher in the 2011 farming 

season, during which farmers used three more labor hours per hectare than in the 2009 season, but there 

was no significant time effect between 2010 and 2009. 

The results presented in Table 6.6 show that the area plowed by a tractor has a significant positive 

impact on fertilizer use, whereas the effect of the area plowed by animals is positive but not statistically 

significant. With tractor plowing, a 1-hectare increase in the area plowed by a tractor increased the chance 

of using fertilizer by 0.074 on average in the panel. However, an increase in the area plowed by both 

tractor and draft animals had a negative impact on fertilizer use intensity. This means that the impact of 

mechanization on the intensity of fertilizer use points more clearly to an inverse relationship than in the 

hired labor input model. Mechanized land preparation (that is, tractor and draft farm power) has led to 

lower fertilizer use per hectare. A 1-hectare increase in the area plowed by a tractor and draft animals 

reduces the quantity of fertilizer used by 5–10 kilograms per hectare. Furthermore, tractor ownership does 

not have any effect on fertilizer use, whereas draft animal ownership does have a strong positive impact 

on fertilizer use intensity. 

With respect to demographic variables, the gender of the household head had a negative and 

significant impact on fertilizer use intensity in the panel, while education had a positive impact on both 

fertilizer use and use intensity. Being a female-headed household reduced fertilizer use by 14 kg/hectare 
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on average, compared to male-headed households. This effect may reveal gender differences in both 

financial and physical access to fertilizer inputs. The higher the educational level of the household head, 

the higher the odds of using fertilizer and the higher the intensity of fertilizer use. Educated household 

heads may be more capable of accessing and assimilating information regarding the use of fertilizer and 

other inputs. This result is consistent with Freeman and Omiti (2003) and Waithaka et al. (2007), who 

report that there is significant evidence that education positively influences the use of fertilizer among 

farming households. Also, according to Panin and Brummer (2000), education increases both the 

allocative and technical efficiency of an individual and facilitates better information processing from 

different sources about the use of farm technologies. 

With regard to land owned, landholding size displays a significant and negative relationship to 

the intensity of fertilizer use, but with no effect on fertilizer use. This result is consistent with the 

relationship between fertilizer use and cropland or area plowed, which is highly correlated with 

landholding size, as shown in Tables 6.3 and 6.4. 

Table 6. 6 Impact of mechanization on fertilizer use and use intensity 

Variable 

Cragg’s double-hurdle model 

Fertilizer use  Fertilizer use intensity  

Dy/Dx 
Standard 

error 
 

Log 
normal 

Standard 
error 

Partial 
effect 

Standard 
error 

Area plowed by tractor (ha) 0.074** 0.026  -28.002*** 5.754 -10.003*** 2.477 

Area plowed by draft power (ha) 0.054 0.033  -43.235*** 9.703 -5.462*** 1.573 
Own draft animals (=1, 0 
otherwise) 

0.137 0.134  43.323* 24.275 16.320** 6.701 

Own tractor (=1, 0 otherwise) 0.237 0.519  -0.332 45.798 5.651 16.295 
Age of household head (years) -0.013 0.022  -2.637 2.267 -1.042 0.718 
Age of household head squared 0.000 0.000  0.028 0.030 0.010 0.009 
Female-headed household (=1, 
0 otherwise) 

-0.126 0.165  -44.705* 23.861 -13.619* 7.567 

Years of education of household 
head 

0.018** 0.006  0.066 0.755 0.490* 0.246 

Log of landholding size 0.048 0.095  -29.211** 14.805 -6.464* 4.265 
Cereals reported as main crops 
(=1, 0 otherwise) 

0.613*** 0.113  51.563** 20.714 27.740*** 6.498 

Total labor used per ha (hours) 0.001** 0.001  0.146** 0.072 0.072*** 0.220 
Ratio of hired labor to total labor 
per ha (%) 

-0.265 0.219  32.136 30.307 1.573 9.336 

Chemical weeding (=1, 0 
otherwise) 

0.424*** 0.076  -97.846*** 18.392 -15.667*** 4.493 

Average distance from 
homestead to plots (km) 

-0.006 0.006  3.443* 1.760 0.760* 0.474 

Tenure security (=1, 0 otherwise) 0.055 0.070  -8.619 10.364 -0.839 3.101 
Credit from banks / microfinance 
institutions (=1, 0 otherwise) 

-0.140 0.264  -8.130 24.430 -5.770 9.275 

District dummies (reference = 
Savelugu-Nanton) 

       

Tamale (=1) 0.399*** 0.110  5.814 14.508 11.371** 4.689 
West Mamprusi (=1) -0.190** 0.090  -37.928** 15.565 -14.380*** 4.900 

Time (reference year = 2009)        
Survey year 2010 (=1) 0.232*** 0.060  25.423** 10.926 12.942*** 3.335 
Survey year 2011 (=1) 0.262*** 0.075  18.468* 10.819 11.796*** 3.309 

Constant -0.483 0.811  42.423 143.142 - - 
Observations 2,805   2,805    

Log-likelihood 
-

12,877.25 
      

Chi-squared 276.79       

Source:  Authors’ estimations based on EUI survey, northern Ghana, 2009, 2010, and 2011. 

Notes:  Dy/Dx is the marginal effect. ***, **, * significant at the 99%, 95%, and 90% level respectively. 
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As expected, the cultivation of cereal crops had a significant positive impact on both fertilizer use 

and use intensity in the panel. This result may be due to the fertilizer subsidy program, which is 

earmarked primarily for cereal production. 

With respect to labor inputs, Table 6.6 shows that total labor use per hectare has a positive and 

significant relationship with fertilizer use and use intensity, whereas the ratio of hired labor to total labor 

does not have any effect in the fertilizer use models. Thus, the likelihood of using fertilizer inputs, as well 

as the quantity of fertilizer used, increases with total labor used per hectare, but not with the quantity of 

hired labor used per hectare. 

We also find that the likelihood of using fertilizer inputs is higher among chemical users, but the 

quantity of fertilizer used per hectare is significantly lower among the latter than among nonusers. This 

observation may reflect allocation behavior among farmers who seek to balance competing input needs 

and costs with available resources. 

Surprisingly, the average distance from homestead to plots had a positive and statistically 

significant impact on fertilizer use intensity. Thus, the farther away the farm plots, the higher the quantity 

of fertilizer used per hectare. At first this might seem implausible, but this result suggests that in order to 

offset the costs of farming farther away from their homesteads, farmers may be investing in fertilizer to 

ensure that they attain higher outputs. 

Tenure security and access to credit did not have any significant impact on fertilizer use and use 

intensity in the models. 

With regard to district-level effects, farmers in Tamale are more likely to use fertilizer than are 

those in Savalegu-Nanton. However, farmers in West Mamprusi are less likely to use fertilizer, and when 

they do use it, they apply significantly less quantities per hectare than do their counterparts in Savelugu-

Nanton. Tamale is the administrative capital of the Northern region, and thus farm households have better 

access to the fertilizer market in this district. As a result, they use significantly higher quantities of 

fertilizer per hectare, a conclusion that is consistent with Chapoto and Tetteh (2014). In addition, factors 

such as the better yield response may explain the difference in fertilizer application rates between the 

districts.8 

The coefficients on the time effect suggest that fertilizer use and use intensity were significantly 

higher in 2011 and 2010 than in 2009. This result may be explained by changes made to the government 

fertilizer subsidy programs. Indeed, in 2010 the fertilizer distribution scheme was modified from a 

targeted or voucher system to a universal or waybill system, which targeted all farmers in the country 

(Benin et al. 2012).  

                                                      
8 Chapoto and Tetteh (2014) observe higher maize yields (1,031 kg/ha) on the mostly silty loam soils of Tamale, compared 

to the predominantly sandy loam soils of Savalegu-Nanton and West Mamprusi (839 kg/ha and 545 kg/ha, respectively). 
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7.  SUMMARY AND CONCLUSIONS 

This paper analyses the drivers of farm mechanization and its impacts on farming systems in Ghana using 

panel survey data. Specifically, the research starts by examining the determinants of tractor use and area 

mechanized and then assesses the impacts of tractor plowing on cropland expansion and on fertilizer and 

hired labor use and use intensity among farming households. The survey data were collected in three 

districts of northern Ghana, where farm mechanization is expected to produce the highest impact on 

agricultural production and intensification. 

Findings suggest that several factors explain the use and intensity of agricultural mechanization, 

including landholding size, total labor and fertilizer use per hectare, and amount of land left fallow. 

However, none of the demographic variables (education, age, and gender of household head) in the 

models explains tractor use and use intensity among farming households in the three districts. Likewise, 

causality could not be established between mechanization and draft animal ownership, hired labor, tenure 

security, and access to credit. 

The results suggest that farm mechanization did have a positive impact on cropland expansion 

during the survey period. Plowing with a tractor is essential for expanding cropland, but having larger 

landholdings is more important for cropland expansion than farm mechanization per se. While total labor 

use had a negative impact, hired labor use had a positive effect on cropland expansion among farmers in 

the panel. Our analysis also shows that cropland expansion has in part been driven by cereal and legume 

production in the survey districts. We also found that tractor users still have farmland available and may 

have reached the largest land area they can mechanize with increased access to tractors in the region. 

Estimation results support the existence of a labor substitution effect resulting from tractor use. 

However, there was no evidence of increasing farm input use with the use of tractor farm power. Indeed, 

our findings suggest that there is an inverse relationship between farm mechanization and input 

intensification. Farm mechanization has led to lower fertilizer use per hectare, while it has had no effect 

on hired labor use. Nonetheless, farm mechanization is shown to have a stronger effect on cropland 

expansion among farmers who have already intensified their fertilizer use. 

Total labor use per hectare displays a positive and significant relationship with fertilizer use and 

use intensity. Likewise, the quantity of fertilizer used per hectare has a positive and significant impact on 

hired labor use and use intensity, but hired labor use does not determine fertilizer use. Landholding size 

exhibits a negative relationship with fertilizer use per hectare. 

The results presented in this paper are broadly consistent with previous studies. It seems fair to 

say that tractor-based mechanization has led to cropland expansion rather than intensification of input use 

in the presence of large tracts of available agricultural land and subsidized fertilizer. This finding may be 

explained by the low yield response to fertilizer observed by Chapoto and Ragasa (2013),9 which is 

probably caused by outdated fertilizer recommendations (Chapoto and Tetteh 2014). The result also 

confirms that the low farm input use characteristic of Ghanaian agriculture results in extensive use of land 

under open access conditions (Braimoh 2009). The finding regarding cropland expansion contrasts with 

that of Binswanger (1978), who observed that in India, Pakistan, and Nepal, tractorization did not lead to 

substantial increases in cropping intensity. Nonetheless, the author stresses that these results were 

observed where no area effect was expected because of high population densities in the Indian 

subcontinent. This is not the case in northern Ghana. 

With regard to overall input effects, the small labor substitution effect observed (0.003 hours/ha) 

between the area plowed and total labor use per hectare, combined with the sizable increase in labor hours 

(nine hours/ha) resulting from cropland expansion,10 indicates that tractor-based mechanization has led to 

                                                      
9 Chapoto and Ragasa (2013) report a statistically significant but small maize yield response to fertilizer in Ghana (that is, 1 

kg of nitrogen leads to only a 22-kg increase in yield on average). 
10This result was estimated by multiplying the expansion rate of 0.11 ha per hectare plowed (Table 6.4) by 84 labor hours, 

which is the total labor use per hectare in the sample (Table 6.2), and subtracting a substitution rate of 0.003 labor hour per 

hectare plowed (Table 6.3). 
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an increase in overall labor use with no adverse equity effects (for example, no labor displacement) 

among farming households in the survey sample. Mechanization has been a net contributor to agricultural 

production and employment in Tamale, Savalegu-Nanton, and West Mamprusi, a result that supports the 

view expressed by Pingali, Bigot, and Binswanger (1987), who indicate that the use of tractors (or power 

tillers) for land preparation could lead to an increase in labor employment where land is available. 

Mechanization is not expected to displace farm labor in Ghana, given the current labor scarcity, the small 

landholding size, and the relative land abundance in the country. The adoption of laborsaving technology 

does not necessarily imply labor displacement (Pingali 2007). 

The observed fertilizer decline (10 kg/ha plowed by a tractor) combined with the estimated 

increase in fertilizer use due to cropland expansion (10 kg of fertilizer per ha) suggests that tractor 

plowing did not increase overall fertilizer use among farming households in the panel.11 Mechanization is 

not essential for farming system intensification. Indeed, forced mechanization may impede input use 

among farming households in Ghana. However, promoting fertilizer use may strengthen the impact of 

mechanization on land expansion. Likewise, the movement of rural labor from agriculture to 

nonagricultural sectors is likely to foster tractorization. Therefore, policies directed toward encouraging 

the exit of subsistence and inefficient smallholders from agriculture can contribute to achieving broader 

farm mechanization in Ghana.

                                                      
11 This result was estimated by multiplying the expansion rate of 0.11 ha per hectare plowed (Table 6.4) by a fertilizer use 

rate of 90 kg per hectare in the sample (Table 6.2) and subtracting a fertilizer reduction rate of 10 kg per hectare plowed (Table 

6.6). 
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APPENDIX: SUPPLEMENTARY TABLES 

Table A. 1 Definitions of variables used in the models and tables 

Variables Definitions 

Area plowed by tractor (hectare) Number of hectares plowed by a tractor 

Area plowed by draft animals (hectare) Number of hectares plowed by draft animals 

Own draft animals (=1, 0 otherwise) Whether the farmer owns a draft animal or not 

Own tractor (=1, 0 otherwise) Whether the farmer owns a tractor or not 

Age of household head (years) The age of the household head 

Age of household head squared Squared age of the household head 

Years of education of household head Number of years the household head has attended school 

Female-headed household (=1, 0 otherwise) Whether the household head is female or not 

Log of landholding size Logarithm of the number of hectares of land held by the household 

Cereals reported as main crops (=1, 0 otherwise) Whether the household cultivates cereals as its main crops or not 

Legumes reported as main crops (=1, 0 otherwise) Whether the household cultivates legumes as its main crops or not 

Commercialization index Value of crop sales divided by total value of crop production  

Total labor used per hectare (hours) Number of hours of labor used per hectare of land cultivated 

Ratio of hired labor to total labor per ha (%) Number of hired labor hours used divided by total labor hours, expressed as a percentage 

Inorganic fertilizer use (=1, 0 otherwise) Whether the household uses inorganic fertilizer or not 

Total inorganic fertilizer used (kilogram/ hectare) Quantity of inorganic fertilizer used in kilograms per hectare 

Chemical weeding (=1, 0 otherwise) Whether the household used herbicides and/or pesticides or not 

Average distance from homestead to plots (km) Distance from the household compound to the household plots in kilometers 

Number of hectares fallowed Number of hectares fallowed  

Land fallowed (%) Number of hectares fallowed divided by total landholdings, expressed as a percentage 

Land fragmentation (%)  
Number of plots measuring less than 0.8 hectare (2 acres) divided by the total number of household 
plots, expressed as a percentage 

Tenure security (=1, 0 otherwise) Whether the household can leave its land uncultivated indefinitely without losing its ownership right 

Credit from banks / microfinance institutions (=1, 0 
otherwise) 

Whether the household receives any credit or loans from private banks or microfinance institutions 

Source:  Authors’ estimations based on EUI survey, northern Ghana (2009, 2010, and 2011).  
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Table A. 2 Selected statistics of users and nonusers of mechanized plowing in the survey sample, by year 

Variable 

Panel by year 

Plowing method by year    

Tractor Draft power 
Tractor and 
 draft power 

Did not plow 

2009 2010 2011 2009 2010 2011 2009 2010 2011 2009 2010 2011 2009 2010 2011 

Number of observations 936 936 936 683 781 741 94 47 46 105 76 92 54 32 57 

Tractor use for plowing (%) 84.2 91.6 89.0 100.0 100.0 100.0 .0 .0 .0 100.0 100.0 100.0 .0 .0 .0 

Draft animal use for plowing (%) 21.3 13.1 14.7 .0 .0 .0 100.0 100.0 100.0 100.0 100.0 100.0 .0 .0 .0 

Tractor ownership (%) 1.2 1.3 1.9 1.5 1.4 2.4 .0 .0 .0 1.0 1.3 .0 .0 .0 .0 

Draft animal ownership (%) .0 7.1 6.2 .0 5.0 3.0 .0 19.1 28.3 .0 22.4 23.9 .0 3.1 1.8 

Hiring of tractor for plowing (%) 83.0 90.3 87.1 98.5 98.6 97.6 .0 .0 .0 99.0 98.7 100.0 .0 .0 .0 

Hiring of draft animals for plowing (%) 15.4 9.3 8.9 .0 .0 .0 71.3 68.1 60.9 73.3 72.4 59.8 .0 .0 .0 

Age of household head (years) 43.7 44.4 46.1 44.0 44.4 45.7 43.6 46.6 51.8 43.1 42.2 46.7 41.8 45.4 45.4 

Years of education of household head 2.7 3.0 4.0 2.8 2.9 4.0 2.9 2.0 2.4 2.6 3.9 4.9 2.1 2.9 4.0 

Household size 7.0 7.2 7.4 6.9 7.2 7.4 6.6 7.2 7.4 8.1 7.8 8.4 6.4 7.0 6.5 

Female-headed household (%) 3.5 3.5 3.5 3.4 3.5 3.9 4.3 8.5 6.5 2.9 .0 .0 5.6 6.3 1.8 

Landholding size (ha) 5.4 5.5 7.4 5.6 5.4 7.3 4.6 4.7 7.7 5.6 7.2 9.1 3.0 3.6 5.8 

Land cultivated (ha) 3.6 4.2 4.1 3.7 4.2 4.1 3.1 3.5 4.0 4.5 5.2 5.1 1.7 2.6 3.0 

Area plowed by tractor/bullock (ha) 3.3 3.9 3.7 3.5 4.0 3.8 2.7 2.9 3.1 4.3 4.9 4.9 .0 .0 .0 

Cereals as main crops (%) 91.3 93.7 93.2 90.9 93.9 92.3 90.4 95.7 97.8 96.2 93.4 100.0 88.9 87.5 89.5 

Legumes as main crops (%) 47.0 39.4 39.3 50.1 39.7 41.0 29.8 21.3 19.6 59.0 55.3 41.3 14.8 21.9 29.8 

Commercialization index (%) 30.6 61.7 65.1 32.1 60.6 64.2 29.0 69.7 73.1 27.5 64.7 68.4 21.5 72.2 65.5 

Total labor used per ha (hours) 85.2 81.4 85.0 83.2 81.1 85.1 93.1 89.5 82.9 85.2 72.8 82.8 97.0 96.3 88.5 

Ratio of hired labor to total labor per hectare (%) 12.2 11.5 14.0 13.8 12.3 15.5 7.0 7.2 5.7 10.1 9.0 9.3 5.6 5.6 8.7 

Inorganic fertilizer use (%) 68.9 79.0 82.3 72.5 80.2 83.3 59.6 66.0 73.9 69.5 85.5 89.1 38.9 53.1 64.9 

Total inorganic fertilizer (kg/ha) 63.7 74.6 68.8 68.1 77.3 71.5 49.4 67.2 62.3 50.4 58.2 55.5 57.9 58.7 60.4 

Total inorganic fertilizer (kg/ha) among users 92.4 94.5 83.7 94.0 96.5 85.9 82.9 101.8 84.3 72.5 68.0 62.3 149.0 110.4 93.0 

Chemical weeding (%) 37.2 50.4 73.8 41.3 54.2 77.3 22.3 31.9 47.8 38.1 42.1 72.8 9.3 6.3 50.9 

Number of hectares fallowed .23 .24 .29 .24 .24 .29 .14 .21 .24 .28 .25 .36 .20 .31 .25 

Land fallowed (% total land) .13 .11 .11 .12 .11 .11 .09 .10 .07 .09 .07 .10 .28 .33 .21 

Land fragmentation (proportion of plots measuring less 
than 0.8 hectare or 2 acres) (%) 

11.1 10.7 12.2 11.1 10.4 11.5 6.9 8.3 11.5 11.8 10.6 16.2 16.5 24.0 15.8 

Average distance from homestead to plots (km) 4.0 4.0 3.6 4.5 4.3 4.0 2.4 1.9 1.6 2.3 2.5 2.0 3.7 2.0 3.1 

Tenure security (=1, 0 otherwise) 30.7 24.4 33.8 29.9 24.3 37.1 33.0 23.4 13.0 37.1 27.6 20.7 24.1 18.8 28.1 

Credit from banks / microfinance institutions (=1, 0 
otherwise) 

4.8 1.5 1.3 5.0 1.4 1.6 2.1 4.3 .0 7.6 1.3 .0 1.9 .0 .0 

Source:  Authors’ estimations based on EUI survey, northern Ghana, 2009, 2010, and 2011.  

Note:   ha = hectare; kg = kilogram; km = kilometer. 
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Table A. 3 Selected statistics of users and nonusers of mechanized plowing in the pooled sample, by 

type of farm power 

       

 
Tractor users  Draft animal users 

Nonusers 
Owners Hirers  Owners Hirers 

Number of observations 39 2,166  60 127 416 

Age of household head (years) 47.4a 44.7a  45.8a 46.7a 44.0a 

Household size 8.6a 7.1a,b  8.0a 6.4b 7.6a 

Landholding size (ha) 14.0a 6.0b  6.2b 5.0b 6.2b 

Land cultivated (ha) 9.8a 3.9b  4.5b 2.9c 4.0b 

Area plowed by tractor/bullock (ha) 9.4a 3.7b  5.0c 3.5b .0d 

Commercialization index (%) 50.3a 53.0a  48.1a 52.4a 50.4a 

Total labor used per ha (hours) 75.7a 83.3a  89.0a 90.0a 85.2a 

       

       

       

       

       

       

Ratio of hired labor to total labor (%) 22.3a 13.7b  5.9c 7.2c 8.6c 

 Inorganic fertilizer use (%) 

75.7a 83.3a  89.0a 90.0a 85.2a 

Inorganic fertilizer (%) 92.3 78.6  68.3 63.0 70.9 

Total inorganic fertilizer (kg/ha) 63.1a,b 72.7a  61.0a,b 55.2a,b 55.9b 

Chemical weeding (%) 84.6 57.5  30.0 31.5 42.1 

Average distance to household plots (km) 5.5a,b 4.3a  2.3a,b 1.9b 2.5b,c 

Source: Authors’ estimations based on EUI survey, northern Ghana (2009, 2010, and 2011). 

Notes:  ha = hectare; kg = kilogram; km = kilometer. Values in the same row and subtable not sharing the same subscript are 

significantly different at p < .05 in the two-sided test of equality for column means. Cells with no subscript are not 

included in the test. Tests assume equal variances. Tests are adjusted for all pairwise comparisons within a row of each 

innermost subtable using the Bonferroni correction. 

Table A. 4 Labor use by farming operation among users and nonusers of mechanized plowing in 

the pooled sample 

 
Overall 

Farm power use for plowing 

Variable 
Tractor 

only 
Draft 
only 

Tractor  
and draft 

Nonusers 
(did not plow) 

Number of observations 2,808 2,205 187 273 143 

Total labor used per hectare (labor hours) 83.87 83.12a 89.68a 80.92a 93.44a 

Hired labor hours used per hectare 10.27 11.34a 5.29b 7.81a,b 5.07b 

Ratio of hired labor to total labor 12.58 13.82a 6.75b 9.56b 6.84b 

Labor use by four groups of operations      

1. Clearing, land preparation, and planting 19.99 19.19a 23.09b 19.08a,b 30.15c 

2. Weeding, fertilizer application, and all other 
work done while the crop is growing 

23.81 22.96a 30.49b 24.64a,b 26.53a,b 

3. Harvesting 23.52 23.96a 22.41a 22.46a 20.24a 

4. Postharvest processing 16.57 17.00a 13.68a 14.75a 17.26a 

Source: Authors’ estimations based on EUI survey, northern Ghana, 2009, 2010, and 2011. 

Notes:  Values in the same row and subtable not sharing the same subscript are significantly different at p < .05 in the two-sided 

test of equality for column means. Cells with no subscript are not included in the test. Tests assume equal variances. 

Tests are adjusted for all pairwise comparisons within a row of each innermost subtable using the Bonferroni correction. 
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Figure A.1 Scatterplots of hired labor and area plowed 

 
Source:  EUI survey, northern Ghana (2009, 2010, and 2011). 

Note:  ha = hectare. 

Figure A.2 Relationship between productivity (measured by maize yield) and tractorization  

 
Source:  EUI survey, northern Ghana, 2009, 2010, and 2011.  
Note:  kg/ha = kilogram per hectare. 
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