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Abstract
Background: Agriculture in Ethiopia heavily relies on traditional farm power sources and is characterized by the lowest
access to farm machinery in contrast to other places in SSA. The study analyzed the factors and gaps in the delivery of
mechanization inputs through the qualitative survey of the supply chain actors. Furthermore, the study involved the
crossectional survey of the producer households in the major crop production areas of Oromia, SNNPR, Amhara, and
Tigray regions.

Results: The recent policy amendment resulted in a reduction in the price of farm machinery while it excludes spare parts
in isolation and raw materials for manufacturing. The counter in�uence of the simultaneous depreciation of the exchange
rate has undermined the likely impacts of the tax bene�ts. The major deterring issues in the machinery supply system
include the high shortage of foreign currency, the upsurging price of spare parts, and shortage of trained machinery
operators. A formal survey tells that a signi�cant proportion of the areas have no access to mechanization while in some
parts of the country, utilization of the combine harvester reached full coverage and a large proportion of the farmers use
tractor power.

Conclusions: Maintaining a healthy business competition among imports and the manufacturing sector remained an
important policy gap. The mechanization hiring costs, service transactions, and coordination have shown signi�cant
variability across the crop potential production areas. Resolving of the supply side encounters, development of the hiring
service market, and reduction of transaction cost are the key areas of interventions in the mechanization supply and
demand systems.

1. Introduction
Agricultural mechanization is generally de�ned as the use of hand tools, implements, and machinery for farm activities in
all stages of agricultural production (FAO, 2016; Van Loon et al., 2020). A vast body of literature emphasized that
mechanization contributes to e�cient utilization of resources and increased factor productivity due to the bene�ts of
higher precision, timely operation, reduced drudgery, and saving of labor (Clarke, 2000; Clarke & Bishop, 2002b; Sims &
Kienzle, 2016). Mechanization is an important element of agricultural growth (Daum & Birner, 2020) and the factor for the
transformation of agricultural production or the rural communities at large (Schmitz & Moss, 2015). Traditional farms that
are predominantly dependent on the productivity of agricultural labor were not able to meet the dynamic food and
nutrition security needs of the society (Fuglie & Rada, 2013). Donors and policymakers granted continued support for the
sector though the efforts come up with less fruitful results (Mrema et al., 2008; Pingali et al., 1988b; Mrema, 2014; FAO,
2008). A large mass of land is brought under cultivation in Sub-Saharan Africa, Latin America, and South Asia but
utilization of mechanical power and tractors, in particular, is considerably low (Baudron et al., 2015; Mrema et al., 2008).

The discrepancy of the economies of scale of mechanization and small farm size characterized by dispersion and crop
diversity is the major impediment for the wider adoption. The proposed solution of consolidation of small farms to
harmonize with large machines was also not successful in many countries. The literature and policy suggestions are in
favor of reversing the approach and state that scale-appropriate machinery is the alternative taking into account the
resource endowment factors (Sims & Kienzle, 2016; Van Loon et al., 2020). Enhancement of the demand and adoption of
mechanization technologies requires a system perspective beyond the plot and farm level situations, which encompasses
the supply chain processes, local manufacturers, dealers, and repair and maintenance centers (Kahan et al., 2018). The
past perception towards the mechanization of agriculture where it is feasible only under large-scale farming is misguiding
and rather mechanization should be customized to the circumstances of small farms (Diao et al., 2014).

In developing countries, the state interference through the direct support to farmer cooperatives while ignoring the need
for maintaining a conducive environment to the suppliers involved in manufacturing, imports, distribution and sales, and
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after-sales services has constrained the growth of the sector (Mrema et al., 2008; Clarke, 2000; Pingali et al., 1988).
Concurrently, the factors of farmers' know-how, skills in operation, maintenance and repair, and access to spare parts have
not been well considered (Diao et al., 2018). The importance of the catalyzing role of the public through the building up of
an enabling �nancial and infrastructural environment is emphasized (Mrema, 2014; Sims & Kienzle, 2016).

Agricultural mechanization in Ethiopia has undergone a structural change from the state of government-subsidized
provision of hiring services in the 1980s, which experienced a collapse in similar ways to other Asian and African
countries. After the market liberalization, the majority of the farmers in the Arsi area obtain services from private service
providers whereas there has been a limited role of the government and state farms (Hassena et al., 2000). The relatively
free market operation at least permitted the involvement of the private sector, however, farm machinery and the hiring
service became too expensive (World Bank, 2014). The government posed no clear direction for maintaining favorable
institutional and infrastructural facilities that are important for the success of mechanization service through the
involvement of private operators. Due to the underdevelopment of agricultural mechanization in Ethiopia, agriculture
remained largely dependent on draught and human sources of farm power.

The demand for mechanization in the country has gained a revival in the recent decade. Recognizing the bene�ts of
agricultural mechanization and the ongoing dynamics, the formulation of the Agricultural Mechanization Strategy (AMS)
and amendment of import duty on machinery are the steps taken to encourage the development of mechanized farming
in Ethiopia. For transformation of the agricultural production through the promotion of crop and livestock technology
packages, the extension system further incorporated row planters, threshers, and post-harvest technologies (MoANR &
ATA, 2014). Various public and private institutions nowadays have shown interest to make the necessary interference for
the development of the sector. The paper characterizes the policy opportunities and gaps that are affecting the
functioning of the agricultural mechanization system and the machinery supply chain, which encompasses the import,
manufacturing, and mechanization hiring services. Moreover, it traces the existing variability in connection to the access,
hiring service costs, and behavior of the mechanization service transactions.

2. Literature Review

2.1 Mechanization of small farms
Small farms have limited capacity to invest in large farm machinery through own funds or else they are much constrained
by the lack of access to formal �nancial services (Mrema et al., 2008; Mottaleb et al., 2016; Pingali, 2007). The
appropriate mechanization discourse is in favor of the hiring service models that smallholder farmers can access
mechanization through the low-cost hiring services despite assumed transaction cost (Diao et al., 2018; Mrema, 2014;
Sims & Kienzle, 2017). As reports indicated, not only technological solutions but also institutional approaches are
essential for the enhancement of smallholder mechanization, for example, cooperative exchange and rental markets have
played key roles (Olmstead & Rhode, 1995). For enhancement of linkage and information sharing among farmers and
service providers, digital-based Hello Tractor service has been introduced in Nigeria (Daum & Birner, 2020).

The farmer to farmer mechanization hiring service (often medium-scale farmers) is the alternative supply model (Chapoto
et al., 2014; Diao et al., 2014; Houssou et al., 2015), which offers diversi�ed opportunities due to off-farm and on-farm
income streams (Mottaleb et al., 2016; Van Loon et al., 2020). Despite farmer to farmer service is imperfect, it will be more
competitive in terms of reduction of administrative costs and related ine�ciency in contrast to specialized hiring services.
The collective ownership service approach requires mobilization of resources, effective governance, and enhancement of
skills. The direct provision of mechanization hiring services by the government is practiced in some countries (Diao et al.,
2016; Zhou, 2016) and specialized private operators are alternatives for supplying mechanization hiring services to small
farms.
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Dictated by the inherent ago ecological diversity and farm productions, the demand for mechanization might not have a
similar pattern across locations. The spatial variability of the hiring cost is correlated with per area machinery density,
constraints of mobility, shipping of machines, road condition, and e�ciency of the service market (Houssou et al., 2016;
Diao et al., 2016). For instance, the lower tractor density in Nigeria and Ethiopia is associated with the higher tractor-hiring
cost in contrast to other locations (World Bank, 2014). The tractor density in Ethiopia is only four tractors per 100 square
kilometers of arable land, which is the lowest in SSA (Fig. 1). As empirical studies concluded, the availability of road
infrastructure and proximity to urban centers favor both the supply and use of mechanization (Stifel & Minten, 2008). Due
to localized demand and transaction cost factors, there is a variation of the service cost within the same country and
across districts. It seems that migratory service would be pro�table, however, it is not attractive for most of the hiring
operators (Diao et al., 2016).

Due to the exogenous pushing factors of agricultural intensi�cation, rising rural wages, urbanization, population pressure,
and better market access emerging demand for mechanization is observed (Diao et al., 2012, 2014; Cossar, 2016). The
rapid migration of the youth from rural to urban areas has a consequence of shortage of farm labor and increased
pressure on remaining household members (Biggs & Justice, 2015; Baudron et al., 2015; Goldsmith et al., 2004; FAO, 2018;
Rosegrant et al., 2014). A similar study indicated that the cost of labor and draft animals is the push factor for the
changing pattern of mechanization in Ethiopia (Berhane et al., 2017).

2.2. Trends in agricultural mechanization and structural change
The expansion of private large-scale commercial farms during the 1960s, which later on handed over to the state-owned
farm enterprises were the earlier adopters of agricultural mechanization practices in Ethiopia. Notably, the mechanization
hiring schemes that came into existence have laid down the foundation in the promotion and use of mechanical
technologies by peasant households. The Agricultural Mechanization Service Corporation (AMSC) was established in
1985 under the Ministry of Agriculture (MOA) with the primary purpose of rendering mechanization services to the small-
scale sector (Clare, 1991). Two service modalities were designed in parallel to differing production systems i.e., the fully
subsidized services access to the tsetse �y affected areas whereas the cost-recovery brand to producer cooperatives and
farmers predominantly in southeast, northwest, and central regions. The hiring rate was set by the government in such a
way that it covers the full cost of variable costs while only 10–15% of �xed costs.

The rural technology centers simultaneously targeted the establishment of mechanization services along with the
dissemination of farm technologies, for example, maize shelling hiring schemes have been started, which have an output
capacity of 4–5 tons/hr (Kelemu, 2015). The ambitious rural settlement program and the expansion of smallholder
mechanized farming is the other scenario that has undertaken during the 1980s (Dessalegn, 2003) through the program
experienced little success.

A major structural change was devised during the subsequent regime, the policy argument positioned in favor of labor-
intensive agricultural production while against the allocation of scarce capital resources to smallholder farming (MoFED,
2010). The below �gure illustrates the evolvement of tractor imports during the two periods, 1975–1991 and 1994–2018
(Fig. 2). The UN COMTRADE data evidence that the structural change had an impact on agricultural mechanization, which
is explained by thereafter reduction of tractor imports. The value of import (World Bank data) is correlated with the
quantity while it only captures the post-liberalization period (1994–2018). For about 16 years in the second lapse of time,
tractor imports stood largely lower than the import quantity demand during the previous regime. However, this has shown
a surpassing growth lately from 2010 through 2014.

2.3. Renewed attention to mechanization
The emerging interest in mechanization has led to the formation of the Agricultural Mechanization Strategy in 2014. The
strategy has a mission for raising the current mechanical power uses from 0.13 kW/ha to 1 kW/ha, improving
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smallholders’ access to mechanization by 30%, and reduction of animal power by 50% (MoANR & ATA, 2014). A policy
appraisal raises an agenda of the mechanization policy that guides and sets full-�edged targets and priorities at various
levels. The import policy gives a special advantage to investors while cooperatives and smallholder farmers hardly get
any of the bene�ts (Deribe & Jaleta, 2019). On this account, the advocacy and ongoing dialogue has induced a re-
examination of the circumstances and currently, the policy has waived import taxes on agricultural machinery, irrigation
technologies, and livestock feed ingredients.

The agricultural development program has targeted to enhance agricultural productivity through integrated support and
access to complimentary services to selected Agricultural Commercialization Clusters (ACC) (ATA, 2019). Cluster farming
is expected to be attractive for mechanization hiring service providers as compared to fragmented plots. The rural job
creation schemes have introduced youth-based hiring services and access to credit for the purchase of tractors, threshers,
and water pumps. The �rst private capital goods lease �nancing company has entered the market, which could enhance
the access to �nance in the mechanization supply system.

3. The Research Methods

3.1. Description of the study area
Ethiopia is geographically located in extension from 30 to 150 N and longitude 330 to 480 east. The country has a total
surface area of 1,104,300 square kilometers and is sub-divided into nine administrative regional states. Ethiopia is
endowed with wide varying agro-ecologies and socioeconomic scenarios that nurture agricultural production and
productivity in different ways. As a result, the wide variation of the natural phenomenon dramatically over relatively short
distances gives the chance for growing a large variety of crops (Simane et al., 2016; Taye et al., 2018).

Considering crop productions, arable land takes up about 362,590 square kilometers, i.e., 14.3% of the land area, whereas
the access to land per person is declared to be 0.15 hectare. The size of agricultural land expressed in terms of the
percentage of the total land area is 33.6. Statistical �gures also indicate that the land under cereal production is
equivalent to 10,352,596 hectares and cereal yield is about 2,538.2 kg ha− 1 (World Bank, 2015). The land allocated for the
production of cereals takes the largest share of 81.39%, followed by 12.73% for pulses and 5.88% for oil crops (CSA,
2018).

3.2. Design and data sources
About 33 machinery import dealers and large manufacturers are in operation in the country and the study is designed in
such a way that both the newly entering and experienced major machinery suppliers are considered. Then, the selection of
the �rms was performed using the non-probability sampling approach and principally meant to capture the market
characteristics and gaps in qualitative terms. About six import only and �ve �rms in both import and manufacturing
activity category have participated. Studies show that the majority of the mechanization hiring businesses are located in
the wheat-producing Arsi and Bale areas. The hiring services were contacted mainly in those areas but they are also
operating migratory services in different parts of the country. With the same approach, the survey addressed each of the
hiring service provider categories i.e., cooperatives, specialized private operators, commercial farms, and farmer-owned
hiring services.

The mechanization access, hiring costs, and the perspective of the hiring service transaction were examined at the
household level through the crossectional survey of producers in the major cereal growing regions of Oromia, Southern
Nation, Nationalities and Peoples Region (SNNPR), Amhara, and Tigray. The sampling design involves the multistage
selection of the study units, which proceeds with the random selection of the districts, kebeles in the second stage, and
producer households at the �nal stage. To apprehend the mechanization supply circumstances and policy issues, a
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separate instrument was designed for machinery suppliers and hiring service providers for the �nal implementation of the
expert interviews. Moreover, supplementary secondary data was collected from databases and web-based sources. For
the formal survey, a structured questionnaire was converted into electronic formats through coding, programming, and
testing for �nal use.

4. Results And Discussion

4.1. Machinery import, manufacturing and policy
The growing demand for mechanization attracted new import dealers, which have joined within the past 2 years while the
older �rms stayed in the business for more than 40 years. The export promotion policy gives special advantages to the
export-oriented �rms that give them the entitlement of 70% of the foreign currency they have generated. The recently
amended import policy further has given a tax incentive for farmers and farmer cooperatives during 2019. The old custom
practice was allowing for keeping machines in stock for only about 4–6 months but the current procedure has improved
the limitations. It also reduced the bureaucracy in the import and distribution of the machinery. The tax exemption
resulted in a reduction of the import and value-added taxes that accrue up to 35% of the sales value of the machine.

The price of farm machinery has shown an increase which is mainly attributed to the depreciation of the exchange rate.
For instance, 130 horsepower John Deere tractor costs 1.7 million birr before 5 years but the current sales price has
shown an increase of 76–85% over the previous one. The same horsepower Massey Ferguson tractor was worth
1.53 million birr about 5 years ago. Exclusive of the tax duty, this has shown an increase of 83% in 2021. Despite so, the
machinery import dealers indicated that the actual sales demand for machinery at different stages of mechanization has
shown growth (bar label stands for the number of �rms) over the recent �ve-year or two-year period. Other than planter
and grain cleaner, the change in the machinery sales quantity ranges from 20–50% over the �ve-year time and even more
than 20–73% in the nearest two years (Fig. 3).

The policy exempts taxes to only 35% and a higher stage of the Semi-Knocked Down (SKD) manufacturing process. As a
result, the immature manufacturing sector will not be competent in a situation where there is a better advantage of merely
importing the machinery and ancillaries. For instance, a manufacturing �rm loses a margin of 100–120 thousand birr in
the fabrication of trailers domestically in contrast to direct import. It appears that a detailed diagnosis of the situation on
the grounds of comparative advantages, maintaining a healthy competition, import replacement roles, and the growth of
the sector is important. Perhaps, the pitfall is that the existing �rms might fully shift to sole importation or they do little
effort for improving capacity for the quality of the small to medium manufactured products.

The current mechanization services supply and utilization are restricted in some areas of the country. The potential for
mechanization includes widening the services to demanding but unaddressed parts of the country such as Benishangul,
Gambella, Somali, Afar, Amhara, and the western part of Oromia. In terms of crop commodities, other than the wheat crop,
the potential demand is declared to be for the crops of sesame, maize, barley, teff, sorghum, rice, haricot beans, and
cotton. The introduction of a grass cutting kit for teff harvesting and exchangeable blade (header) of combine harvester
for the maize crop has proved positive results. As the feedback from the hiring service providers indicates, it is convenient
for operating medium-sized or clustered service users.

One of the major deterring factors for the current import and manufacturing supply chain is the severe shortage of foreign
currency, which exacerbates the continuous upsurge of the price of machines and spare parts. Furthermore, spare parts
are still subject to taxes unless imported altogether with the machine. For the manufacturing of small-medium machinery,
the time-to-time rising price of raw materials makes the price of good quality products expensive.
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The recent ambitious importation and dumping of farm machinery has affected the market and resulted in tied-up capital
or competition woes for some of the �rms. Despite the emergence of the machinery lease �nancing system, other �rms
become afraid of credit repayment due to depressed combine-harvester hiring rates. Roughly, the return on investment is
approximated to be in the range of 40–50%, which also took only 2–3 years in the earliest time. There is a gap of
coordination among the supply chain actors, backup by the support institutions, and access to reliable mechanization
information. For the expansion of the mechanization services to the new places, simply looking at the tractor density or
else the low level of mechanization is misleading unless the demand factors and the supply models are systematically
identi�ed in each production system and location.

4.2. Mechanization hiring services
About �ve categories of mechanization hiring service providers are currently identi�ed viz., private operators, private
commercial farms, farmer cooperatives, medium-scale farmers, and recently emerging, youth-based models. The farmer
service provider and the private commercial farms own farmland that ranges from the lowest of 2 hectares for small-scale
farmers and up to 1000 hectares for the commercial farms. The mechanization hiring service is a seasonal business, in
most cases, the operators do engage in related value chain activities such as grain trading, �our milling, transport, and
other businesses.

The most common mechanization services offered are tractor plowing and combine harvesting practices. In some areas,
the hiring services of threshing, shelling, harrowing, sowing, planting, and baling of crop residue are existent. The tractors
owned by the hiring service providers are between 90–130 hp. Unlike tractors below this range including single-axle
tractors are in use in many parts of the Asian countries, these might not be very functional under di�cult soil conditions.
According to the service providers, the lowest area expected for a pro�table business is 4–20 hectares for services offered
in the vicinity (below 50 km). Regarding the migratory services to places above 60 km, a land size of at least 30 hectares
is expected and even more than 100 hectares for other providers.

The cooperative service has become vibrant justi�ed by the expansion of the service by the earlier groups or the
emergence of new providers. The combine harvesting service coverage has proved an outreach to the high altitude areas
of Arsi (Bekoji and Asella) and the lowland places in East Shewa (Ziway, Meki, and Alemtena) where the hiring of combine
harvester was less common before �ve years. The changing paradigm of the simultaneous switch in crop choice in East
Shewa mainly towards the wheat crop, which possibly has attracted mechanization in return, is an open research topic in
the farming system diagnosis. The consecutive rural roads development scheme is the other visible stimulator particularly
in those places or else across the countrywide change in the quality of the rural roads that triggers both the supply of
hiring services and utilizations.

The mechanization hiring services also encounter the major challenges of getting trained machine operators, the high
price of spare parts and machines, and the absence of rural maintenance services. The breadth of the cooperative service
is growing so that limitations of investment capital and the capacity for managing multiple services are important.

4.3. Variability of the mechanization hiring service

4.3.1. The access to mechanization and hiring service cost
The hiring service market needs to have favorable competition for improved e�ciency of the service and a conducive
business environment for the involvement of the private sector. The private operators informed that they are members of
the Mechanization Association, which has o�ces at Shashemene, Asella, and Bale-Robe. The association revises the
hiring service rate each year taking into account the changes in operational costs and farm productions. When the service
providers enter new areas or in case of migration, intermediaries will play facilitation roles. For tractor plowing and
combine harvesting services, the farmer cooperatives demand up to 50% lower hiring costs than the going market rate.



Page 8/17

Despite the mechanization service of the cooperatives is growing, they reach only some parts of the country and are
limited on the extent of market stabilization.

The service providers often �x the combine-harvesting rate per quintal (100kg) of production and even it may have high
variation within a single kebele. Distance from asphalt and all-weather roads, quality of rural feeder roads, and
topography factors are reasons for addition over the baseline hiring rate. They are not willing to give the service if the land
has rocks or if it became very steep. The cooperatives have adjusted the rate of combine harvesting alternatively on an
area basis to widen the service coverage to the relatively less productive areas. On this account, the private operators have
started to negotiate extra payment if production is below 2 tons/ha and sometimes, they also have set a hectare-based
minimum threshold rate.

The demand side variations of physical and infrastructural circumstances explain the heterogeneity of the mechanization
supply in the country. The mechanization hiring services access and utilization is much concentrated in the major wheat-
producing areas of Arsi and Bale. In contrast, the Oromia region has the highest proportion of tractor users as indicated by
the density of the spikes in (Fig. 4a) while the Amhara region has the lowest utilization. A large proportion of about 40.3%
of the crop potential areas have no access to tractors, combine harvesters, and threshers. The mechanization status
represented by the typical kebeles shows that there is high dissimilarity across the districts, for example, 55.6% of the
major crop-producing areas have no or insigni�cant tractor users. Among all the sample areas, the study �nds that tractor
utilization is higher in wheat-growing districts of Asasa (West Arsi), Sinana (Bale), and Dalocha (Silte) with a proportion of
71.8%, 63.3%, and 53.3%, respectively.

The utilization of combine harvesters is even more restricted in some parts of the country (Fig. 4b). Similarly, Asasa and
Sinana have a large proportion of users that reach up to 100% in both areas followed by Dalocha (Silte) with a rate of
96.7%. Combine harvesters have shown better acceptance than tractors within the highly mechanized areas. The shortage
of labor is more prominent at peak harvesting time and family labor may not be su�cient to accomplish the activity on
time. The combine harvesting cost is roughly lower by 40% in Asassa and 25% in Asella in contrast to the labor cost of
harvesting. This tells that there is overtime change in the cost advantage which was reported to be 20–30% about 20
years ago (Hassena et al., 2000).

The mechanization hiring service rate as indicative of the availability of mechanization is plotted by the relative position
of the cost incurred by the farmer over the mean rate for each region (Fig. 4). The earlier describes the existing variations
within the same location whereas the distance in between the horizontal mean hiring rates captures the interregional
divergence.

Considering the speci�c locations, Asasa district (West Arsi) positions on the downside of the aggregated mean where the
hiring service cost is 41.3% lower than the total mean (Fig. 5a). Farmers in Asasa area enjoy the lowest rates perhaps this
relates to the relatively �at nature of farmlands, light soil, mono-cropping of wheat, and the large size of the hiring market.
The mechanization service is found to be more expensive in Mecha (West Gojjam), the tractor hiring rate is 86.6% higher
in contrast to the mean. When it comes to the combine harvester, again Asasa district has the lowest cost with the
reduced rate of 45.3% while Lemo (Hadiya) has an addition of 59.8% over the mean (Fig. 5b).

 

The variation of the mechanization hiring service cost has been further examined statistically with the mean comparison
test. The violation of the assumption of homogeneity of variance is con�rmed so that the standard test has undergone
contrasting with the simulation technique. There is signi�cant variability in the hiring cost of tractor plowing and combine
harvesting services across the major crop potential areas. In contrast to Oromia, the mean hiring rate of plowing is 7.3%,
81.0%, and 82.8% higher in SNNP, Amhara, and Tigray regions, respectively (Table 1). The combine-harvesting rate is also
much higher in Amhara and SNNP regions, i.e., more than two-fold of the rate in Oromia. The major wheat and other
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cereal growing areas in Tigray have no signi�cant adoption of the combine harvesting practice. The mechanization hiring
transaction cost is partly represented by the commission payment for agents and machine operators.

Table 1
Mean comparison test on the tractor and combine hiring rates and commission payment

Region Tractor hiring rate

(birr/ha)

Combine harvester hiring rate
(birr/ha)

Commission

(birr/farmer)

Mean SD Min Max Mean SD Min Max Mean SD Min Max

Oromia 1687.35 406.04 800 2400 49.25 11.73 30 80 169.21 154.95 50 1000

SNNP 1738.09 519.11 1200 3600 115.94 29.19 75 160 190.24 158.12 50 700

Amhara 2925.00 547.93 2000 3800 111.60 14.05 100 150 96.67 44.57 20 160

Tigray 2950.53 382.76 2200 3600 - - - - 150.00 70.71 100 200

Total 1983.04 679.10 800 3800 75.08 36.28 30 160 168.90 150.55 20 1000

F-
values

65.69 (P < 0.01) 171.40 (P < 0.01) 2.76 (P = 0.1519)

* 1$=40.22 ETB

The limited availability of the hiring service nearby and involvement of high cost in shipping of the combine harvester
from the central part of the country is the major reason for the variation. For instance, the large-sized combiner harvester
is transported on a truck to Mecha (West Gojjam) which is about 640 kilometers from Addis Ababa. The cost of
transporting the combine harvester is declared to be over 30 thousand birr, which is the major factor for increased hiring
cost or barrier to mobility.

4.3.2. The hiring service transaction and relationships
The transaction cost theory underpins the unbounded rationality and capability of the service business whether the
mechanization-hiring �rm chooses intermediation for the delivery of the service. The private operators explain that the
nature of the business and uncertainty is the inducing factor for the intermediation of the service. The local brokers
provide necessary information on the viability of the business i.e., the expected size of demand, the distance of plots, and
the access to feeder roads. Farmers may underestimate the distance of their plots or appreciate the quality of roads. The
recruited agents will negotiate the hiring rates in uncertain conditions and are managing arguments in connection to
queues and payments.

In the supply of the mechanization hiring services, it is observed that the direct transaction is more common while
transaction cost-induced intermediated relation is outweighing in other places. The chi2 test indicates that the difference
in the type of transaction, behavior of the transaction relationship, and coordination among users have shown much
variation across locations. The effect size is determined to be high (strong as to Cohen’s de�nition) whether the service
providers do choose intermediated transactions and trend to build relational hiring transactions in the mechanization
service market (Table 2). Clustered farming as the means of access to the mechanization hiring services in itself and the
future tendency for cooperation among farmers also have shown association (small-medium) with the place of
transaction.
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Table 2
The characteristics of the mechanization hiring service transaction

Service transaction (relative frequency) Oromia SNNP Amhara Tigray Total Chi2 values

Direct transactiona 81.08 34.21 61.76 95 72.08 40.06

Relational hiring a 45.83 21.43 77.42 66.67 49.24 21.26

Cluster-based access b 30.51 42.86 58.62 58.82 39.06 11.25

Cooperation b 24.66 39.71 33.77 37.68 31.16 8.48

a p < 0.01, effect size (phi) 0.41 & 0.33, b P < 0.05, phi-0.24 and 0.16, respectively

The scanty mechanization service in Amhara and Tigray regions is characterized by relatively more direct and relational
transactions with the horizontally coordinated demand for the service. The farmers access the mechanization services on
a cluster basis, and the size of the group ranges from 4–10 members. The future tendency for cooperation among
farmers might involve discarding borders of fences, trees, grasses, and stones that demarcate the adjacent plots. In
Oromia, the large size of existing demand, mono-cropping, and relatively suitable land possibly explain the lesser
tendency for clustered farming or cooperation.

To expand the mechanization services to small farms, a hybrid or complementary approach to the low-cost hiring service
model could be the alternative through building up relationships among farmers that have related household and market
objectives and tailoring the small farm situations with a sense of mutual bene�ts. Clustered farming has its own
challenges despite the mechanization advantages of reduced operational and transaction costs, which encourage the
proliferation of e�cient and lucrative hiring businesses.

5. Conclusions
The antagonism of the scale advantages of mechanization and small plot circumstances led to a view that
mechanization is only appropriate for large-scale commercial farming. Literature and policy rather emphasized that
mechanization should be customized to �t the smallholder farming. The low-cost hiring service is the alternative to small
farms that could not afford farm machines on their own funds or are constrained by access to the formal credit sources.

In Ethiopia, the state-subsidized mechanization hiring schemes have laid down the foundation in the utilization of
mechanization in some parts of the country. The market liberalization later abandoned any public direct supply of
machines and hiring services but also lacked a clear strategy and an uphold towards the e�ciency of the mechanization
hiring services. Over two decades times, agricultural mechanization remained underdeveloped as evidenced by the decline
of imports of farm machines. The country has the lowest tractor density in contrast to other countries in SSA with only 4
tractors per 100 square kilometers of arable land and also associates with the high tractor-hiring cost.

Induced by raising rural wages and agricultural intensi�cation, emerging demand and renewed attention to mechanization
are observed. As the evidence from the machinery dealers indicates, the actual sales demand for different agricultural
machiners has shown important growth during the recent 2–5 years. The farmers' factor substitution decision relates to
the comparative merits in the cost of production. For instance, the combine harvesting cost is found to be much lower in
Asasa and Asella areas in contrast to the labor cost of harvesting.

The recently amended import policy included farmers and cooperatives, which resulted in a reduction of import duty and
value-added tax that accrues up to 35–40%. It has signi�cant implications on the price of the machine; however, the
counter effect of simultaneous depreciation of exchange rate constrained the maximum gain. Moreover, spare parts are
still subject to taxes unless imported altogether with the machine and remain to be too expensive. The policy exempts
taxes to only 35% and the higher stage of the semi-knocked down manufacturing process; the drawback is that the
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immature manufacturing sector will remain incompetent. The machinery supply chain is facing the challenges of a severe
shortage of foreign currency, well-trained operators, and maintenance services.

The access and utilization of mechanization in the country has wide heterogeneity and is much concentrated in the major
wheat-producing areas. A signi�cant proportion of the crop potential areas have no access to large mechanization such
as tractors, combine harvesters, and threshers. However, the prevalence of full coverage of combine harvesting service
and a large proportion of tractor users in the wheat-growing districts in the Oromia region evidence existing wide
heterogeneity. The cost of the mechanization hiring service is characterized by high interregional divergence across the
crop potential areas.

Notwithstanding the free supply market, on and off the state involvement and special treatment for some of the �rms will
have a distortion impact on the market. Unveiling the potentials and comparative merits in contrast to import and
maintaining a healthy business competition creates a favorable environment for the manufacturing sector. In gearing
hiring services to small farms, enhanced access to reliable mechanization information, coordination among the supply
chain actors, and systematic scrutiny of alternative supply models are important for reducing the involved transaction
cost. Improving the access to foreign currency, spare parts delivery system, and establishment of mechanization
maintenance centers are areas that seek meaningful interference.

Abbreviations
ACC: Agricultural Commercialization Clusters; AMS: Agricultural Mechanization Strategy; AMSC: Agricultural
Mechanization Service Corporation; ATA: Agricultural Transformation Agency; CSA: Central Statistics Agency; ETB:
Ethiopian Birr; hp: horsepower; kW/ha: kilowatt/hectare; MoFED: Ministry of Finance and Economic Development; MoANR:
Ministry of Agriculture and Natural Resources; SKD: Semi-Knocked Down; SSA: Sub-Saharan Africa

Declarations
Acknowledgment

The authors acknowledge �nancial support from the Rural Development Administration of South Korea (RDA) through the
funding of the Korea Africa Food and Agriculture Cooperation Initiative (KAFACI), the Agricultural Mechanization Project,
and the Ethiopian Institute of Agricultural Research (EIAR) - Melkassa Agricultural Research Center (MARC).

Authors’ contribution

The �rst author contributed to the design and implementation of the research proposal, data collection, analysis, and
preparation of the manuscript. The second author contributed to the formulation of the research proposal, data collection,
and preparation of the manuscript.  

Funding

The Rural Development Administration of South Korea (RDA)-Korea Africa Food and Agriculture Cooperation Initiative
(KAFACI) and the Ethiopian Institute of Agricultural Research have �nanced the research project.

Availability of data and materials

The authors declare that the interview feedback and dataset used for the manuscript will be available from the
corresponding author on reasonable request

Ethics approval and consent to participate



Page 12/17

The research has been implemented through the o�cial communications and institutional cooperation between the
Ethiopian Institute of Agricultural Research, and the Regional and District-level Bureau of Agriculture and Natural
Resources. The authors further declare that the subjects of the research provided the information upon informed consent.

Consent for publication

Not applicable

Competing interests

The authors would like to con�rm that there are no con�icts of interest in the communication of the manuscript work.

References
ATA. (2019). Agricultural Transformation Agency. A quarterly newsletter: October-December. Addis Ababa, Ethiopia.

Baudron, F., Sims, B., Justice, S., Kahan, D. G., Rose, R., Mkomwa, S., Kaumbutho, P., Sariah, J., Nazare, R., Moges, G., &
Gérard, B. (2015). Re-examining appropriate mechanization in Eastern and Southern Africa: two-wheel tractors,
conservation agriculture, and private sector involvement. Food Security, 7(4), 889–904. https://doi.org/10.1007/s12571-
015-0476-3

Berhane, G., Dereje, M., Minten, B., & Tamru, S. (2017). The rapid – but from a low base – uptake of agricultural
mechanization in Ethiopia : Patterns, implications and challenges. International Food Policy Research Institute (IFPRI).
ESSP Working Paper 105. http://ebrary.ifpri.org/cdm/ref/collection/p15738coll2/id/131146

Biggs, S., & Justice, S. (2015). Rural and Agricultural Mechanization: A History of the Spread of Small Engines in Selected
Asian Countries. IFPRI Discussion Paper, 01443, 1–44. http://csisa.org/wp-
content/uploads/sites/2/2014/06/BiggsJusticeIFPRI_DP_01443.pdf

Chapoto, A., Houssou, N., Mabiso, A., & Cossar, F. (2014). Medium and large-scale farmers and agricultural mechanization
in Ghana: Survey results. Gana Strategy Support Program. International Food Policy Research Institute.
https://books.google.com/books?hl=en&lr=&id=TfsFBAAAQBAJ&pgis=1

Clare, B. (1991). Agricultural machinery industrial system in Ethiopia. United Nations Industrial Development Organization
(UNIDO). Vienna, Austria. https://open.unido.org/api/documents/4990246/download/(R) AGRICULTURAL MACHINERY
INDUSTRIAL SYSTEM IN ETHIOPIA (18872.en)

Clarke, L., & Bishop, C. (2002). Farm Power – Present and Future Availability in Developing Countries. Agricultural
Engineering International - CIGR E-Journal, 4(20). https://dspace.library.cornell.edu/handle/1813/10271

Clarke, L. J. (2000). Strategies for Agricultural Mechanization Development The Roles of the Private Sector and the
Government. Agricultural Engineering International: CIGR Journal, Vol.2

CSA. (2018). Central Statistics Agency. Agricultural Sample Survey Report on area and production for major crops (private
peasant holdings). Statistical Bulletin No. 584, I, 57.

Daum, T., & Birner, R. (2017). The neglected governance challenges of agricultural mechanization in Africa – insights from
Ghana. Food Security, 9(5), 959–979. https://doi.org/10.1007/s12571-017-0716-9

Daum, T., & Birner, R. (2020). Agricultural mechanization in Africa: Myths, realities and an emerging research agenda.
Global Food Security, 26, 100393. https://doi.org/10.1016/j.gfs.2020.100393



Page 13/17

Deribe, Y., & Jaleta, M. (2019). Review of National Policies In�uencing the Expansion of Agricultural Mechanization in
Ethiopia. SIMLESA-International Maize and Wheat Improvement Center (CIMMYT). Working paper.
https://simlesa.cimmyt.org/download/review-of-national-policies-in�uencing-the-expansion-of-agricultural-
mechanization-in-ethiopia/

Dessalegn, R. (2003). Resettlement in Ethiopia. The tragedy of population relocation in the 1980s. Forum for Social
Studies, 22(11), 87.

Diao, X., Agandin, J., Fang, P., Justice, S. E., Kufoalor, D., & Takeshima, H. (2018). Agricultural Mechanization in Ghana
Insights from a Recent Field Study. International Food Policy Research Institute. Discussion paper 01729.

Diao, X., Cossar, F., Houssou, N., & Kolavalli, S. (2014). Mechanization in Ghana: Emerging demand, and the search for
alternative supply models. Food Policy, 48, 168–181. https://doi.org/10.1016/j.foodpol.2014.05.013

Diao, X., Silver, J., & Takeshima, H. (2016). Agricultural mechanization and agricultural transformation. International Food
Policy Research Institute (IFPRI). Discussion Paper 01527. www.acetforafrica.org

FAO. (2008). Agricultural mechanization in Africa ... Time for action: Planning investment for enhanced agricultural
productivity. Rome, Italy.

FAO. (2016). Agricultural mechanization A key input for sub-Saharan African smallholders. In Integrated Crop
Management, Vol. 23. www.fao.org/publications

Fuglie, K. O., & Rada, N. E. (2013). Resources, Policies, and Agricultural Productivity in Sub-Saharan Africa. United States
Department of Agriculture. Economic Research Report Number 145. http://ssrn.com/abstract=2266459

Hassena, M., Ensermu, R., Mwangi, W., & Verkuijl, H. (2000). A Comparative Assessment of Combine Harvesting Vis-à-vis
Conventional Harvesting and Threshing in Arsi Region, Ethiopia. International Maize and Wheat Improvement Center
(CIMMYT) and Ethiopia Agricultural Research Organization (EARO). Working paper. www.cimmyt.cgiar.org

Houssou, N., Aboagye, P. O., & Kolavalli, S. (2016). Meeting Ghanaian farmers’ demand for a full range of mechanization
services. International Food Policy Research Institute (IFPRI). Washington, D.C.
http://ebrary.ifpri.org/cdm/ref/collection/p15738coll2/id/130752

Houssou, N., Asante-addo, C., Diao, X., & Kolavalli, S. (2015). Big tractors, but small farms : Tractor hiring services as a
farmer-owner’s response to an under-developed agricultural machinery market. IFPRI GSSP Discussion Paper.

Kahan, D., Bymolt, R., & Zaal, F. (2018). Thinking Outside the Plot: Insights on Small-Scale Mechanisation from Case
Studies in East Africa. Journal of Development Studies, 54(11), 1939–1954.
https://doi.org/10.1080/00220388.2017.1329525

Kelemu, F. (2015). Agricultural mechanization in Ethiopia: Experience, status and prospects. Ethiopian Journal of
Agricultural Sciences, 46–60. https://www.ajol.info/index.php/ejas/article/view/142997

MoANR, & ATA. (2014). Ethiopian National Agricultural Mechanization Strategy. Addis Ababa, Ethiopia. www.ata.gov.et

MoFED. (2010). Ministry of Finance and Economic Development. Growth and Transformation Plan (GTP) 2010/11-
2014/15. National Planning Commission. Addis Ababa, Ethiopia.

Mottaleb, K. A., Krupnik, T. J., & Erenstein, O. (2016). Factors associated with small-scale agricultural machinery adoption
in Bangladesh: Census �ndings. Journal of Rural Studies, 46, 155–168. https://doi.org/10.1016/j.jrurstud.2016.06.012



Page 14/17

Mrema, G. C., Baker, D., & Kahan, D. (2008). Agricultural mechanization in sub-Saharan Africa: time for a new look. Food
and Agriculture Organization of The United Nations. Rome, Italy. https://agris.fao.org/agris-search/search.do?
recordID=XF2009438289

Mrema, Geoffrey. (2014). A regional strategy for sustainable agricultural mechanization. The British Journal of Psychiatry,
111 (479).

Olmstead, A. L., & Rhode, P. W. (1995). Beyond the threshold: An analysis of the characteristics and behavior of early
reaper adopters. The Journal of Economic History, 55(1), 27–57. https://doi.org/10.1017/S0022050700040560

Pingali, P. (2007). Agricultural Mechanization: Adoption Patterns and Economic Impact. Handbook of Agricultural
Economics. Vol. 3, 2779–2805. https://doi.org/10.1016/S1574-0072(06)03054-4

Pingali, P. L., Bigot, Y., & Binswanger-Mkhize, H. P. (1988). Agricultural Mechanization and the Evolution of Farming
Systems in Sub‐Saharan Africa. American Journal of Agricultural Economics, 70(2). https://doi.org/10.2307/1242114

Rosegrant, M. W., Koo, J., Cenacchi, N., Ringler, C., Robertson, R., Fisher, M., Cox, C., Garrett, K., Perez, N. D., & Sabbagh, P.
(2014). Food Security in a World of Natural Resource Scarcity The Role of Agricultural Technologies. Monographs of the
Society for Research in Child Development, 79(1). http://www.pubmedcentral.nih.gov/articlerender.fcgi?
artid=3921522&tool=pmcentrez&rendertype=abstract

Schmitz, A., & Moss, C. B. (2015). Mechanized agriculture: Machine adoption, farm size, and labor displacement.
AgBioForum, 18(3), 278–296.

Simane, B., Zaitchik, B. F., & Foltz, J. D. (2016). Agroecosystem speci�c climate vulnerability analysis: application of the
livelihood vulnerability index to a tropical highland region. Mitig Adapt Strateg Glob Change, 21, 39–65.
https://doi.org/10.1007/s11027-014-9568-1

Sims, B., & Kienzle, J. (2016). Making mechanization accessible to smallholder farmers in sub-Saharan Africa. In
Environments - MDPI, 3 (2), 1–18. https://doi.org/10.3390/environments3020011

Sims, B., & Kienzle, J. (2017). Sustainable agricultural mechanization for smallholders: What is it and how can we
implement it? Agriculture, 7(6). https://doi.org/10.3390/agriculture7060050

Stifel, D., & Minten, B. (2008). Isolation and agricultural productivity. Agricultural Economics, 39(1), 1–15.
https://doi.org/10.1111/j.1574-0862.2008.00310.x

Taye, M., Simane, B., Selsssie, Y. G., Zaitchik, B., & Setegn, S. (2018). Analysis of the Spatial Variability of Soil Texture in a
Tropical Highland: The Case of the Jema Watershed, Northwestern Highlands of Ethiopia. International Journal of
Environmental Research and Public Health, 15(9). https://doi.org/10.3390/ijerph15091903

Van Loon, J., Woltering, L., Krupnik, T. J., Baudron, F., Boa, M., & Govaerts, B. (2020). Scaling agricultural mechanization
services in smallholder farming systems: Case studies from sub-Saharan Africa, South Asia, and Latin America.
Agricultural Systems, Vol 180, 102792. https://doi.org/10.1016/j.agsy.2020.102792

World Bank. (2014). Agribusiness indicators: synthesis report No. 91133. https://doi.org/10.1016/b978-0-08-021985-
1.50014-x

World Bank. (2015). World Development Indicators | DataBank. DataBank. http://databank.worldbank.org/data/



Page 15/17

Zhou, Y. (2016). Agricultural Mechanization in West Africa. Syngenta Foundation for Sustainable Agriculture.
https://www.syngentafoundation.org/sites/g/�les/zhg576/f/agricultural_mechanization_in_west_africa_-_yuan_zhou.pdf

Figures

Figure 1

Number of tractors per 100 km2 (Source: World Bank, 2014)

Figure 2

Tractor import demand over time-periods (Source: UN COMTRADE and World Bank, 2020)
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Figure 3

Farm machinery sales demand growth

Figure 4

The variation of mechanization service access and hiring costs
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Figure 5

The mean mechanization hiring cost over districts


