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                                            Abstract 

Many lessons have been learned since agricultural mechanization was first introduced 
and adopted across many regions. The Philippines can apply and learn from the 
drawbacks and achievements in other countries in its efforts to devise and implement a 
sustainable agricultural development strategy for the future. Such a strategy can enhance 
and improve development outcomes and sustainability, support further development of 
agro-industries, and increase scientific and technological innovation and capabilities, 
while pursuing coordinated urban and rural economic development. This paper focuses 
on and analyzes mechanization strategies and case studies in postharvest and 
mechanization that have been carried out over several decades to address differing 
conditions in countries and their policies towards their rice mechanization systems. As 
such, the emphasis is on the technologies, policies, practices, strategies, and models that 
relate to different parts of mechanization systems within specific regions. However, while 
many mechanization drivers and needs differ from one place to another, a wide range of 
mechanization elements can be transferred to suit local aspects and conditions in new 
locations. Furthermore, success stories can help in conceptualizing time and decision-
making needs, and can also avoid the drawbacks that have appeared in some countries’ 
mechanization systems, with the goal of leading to faster and more adequate adaptation 
of different technologies and policies in various implementation stages.   

There is no consensus on the definition of mechanization, and even when specialists 
agree on a definition, they sometimes disagree about whether or not it fits particular 
needs. Sims and Kienzle (2006) and FAO (2008) concluded that the term “mechanization” 
describes the introduction of tools, implements, and machinery for improving the 
productivity of farm labor and of land; it may use either human, animal, or motorized 
power, or a combination of these. In practice, therefore, mechanization involves the 
provision and use of all forms of power sources and mechanical assistance for agriculture, 
from simple hand tools to draught animal power to mechanical power technologies. 
Hence, agricultural mechanization is the application of mechanical technology and 
increased power to agriculture, largely as a means to enhance the productivity of human 
labor and often to achieve results well beyond the capacity of human labor. This includes 
the use of tractors of various types, internal combustion engines, electric motors, 
renewable energy, and other methods of energy conversion. Based on the source of 
power, the technological levels of mechanization have been broadly classified as hand-
tool technology, draught animal technology, and mechanical power technology. 
Mechanization also includes irrigation systems, food processing, and related technologies 
and equipment.  
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Mechanization is not an “all or nothing” process. Levels and types of improved 
mechanical technologies need to be appropriate, that is, compatible with local, 
agronomic, socioeconomic, environmental, and industrial conditions. Hence, agricultural 
mechanization can be defined as the development, introduction, and use of mechanical 
assistance of all forms and at any level of technological sophistication in agricultural 
production. Agricultural mechanization can more simply be defined as the use of any 
machine to accomplish a task or an operation involved in agricultural production. Such 
tasks or operations include reduction in human drudgery, improvement in the timeliness 
and efficiency of various agricultural operations, bringing more land under cultivation, 
preserving the quality of agricultural products, providing better rural living conditions, 
and markedly advancing economic growth (Odigboh 2000, Azogu 2009).  

As a relationship among humans, machines, and materials, Alam (2006) describes 
mechanization as the interjection of machinery between people and the materials 
handled by them. Agriculture materials are soil, water, environment, seed, fertilizer, 
pesticides, growth regulators, irrigation, agricultural produce, as well as by-products such 
as food grains, oilseeds, fruits, vegetables, cotton, sugarcane and other cash crops, milk, 
meat, eggs, fish, etc. There is scope for mechanization in every operation in production 
agriculture, postharvest and agroprocessing, and rural living. In the developed world, 
mechanization tends to be synonymous with automation. In developing countries, 
mechanization means any improved tool, implement, machine, or structure that assists in 
enhancing workers’ output; multiplies human effort; and/or supplements or substitutes 
for human labor that is enabling and eliminates drudgery or stresses that adversely affect 
human health and mental faculties, leading to errors, imprecision, hazards, and loss of 
efficiency. 

Mechanization growth patterns, constraints, drivers, and strategies 

The general pattern for the adoption and growth of mechanization is found to be similar in most 

countries worldwide. Historically, it usually started with farm operations requiring high power 

inputs and low levels of control (e.g., tillage, transport, water pumping, milling, threshing). From 

there, farm operations requiring medium levels of power and control were mechanized (e.g., 

seeding, spraying, intercultural operations). Farm operations requiring a high degree of control 

and low power inputs were usually mechanized last (e.g., transplanting). That is because any 

power-intensive work can be replaced relatively easy using readily available mechanical means 

like internal combustion engines and at a reasonably low cost, whereas converting human 

knowledge into machine capacity is often more difficult and costly. As such, mechanization in 

agriculture typically progresses along stages as shown in Table 1 (CIGR 1999). 
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Stage Description Justification Examples of IRRI 

Technologies or Technologies 

Used in the IRRI Farm 

1 Application of 

improved hand-

tool technology 

Hand tools are the only technology 

used in agriculture, and even in highly 

mechanized agricultural systems, 

improved hand tools are still important. 

Cono weeder, drum seeder, 

pedal thresher, manual 

transplanter 

2 Draft animal 

power application 

A large variety of implements and 

machines have been developed that use 

animals as the principle power source. 

Animal-drawn plow/weeder 

3 Stationary power 

substitution 

Mechanical power is substituted for 

human and animal power and is used 

in stationary operations, e.g., grain 

milling and threshing. 

Micro rice mill, axial flow 

pump, axial flow thresher 

4 Motive power 

substitution 

Substitution of mechanical power for 

muscle power takes place for field 

operations. It focuses on power-

intensive field operations, e.g., 

plowing, and machinery is of relatively 

simple design and easy to operate.  

Hand tractor, hydrotiller, two-

wheel tractor 

5 Human-control 

substitution 

Substitution of the human-control 

functions; depending on the 

complexity of the control function and 

the degree of its mechanization, 

machinery becomes increasingly 

complicated and costly 

Laser leveling, rice dryers, 

GPS-controlled Wintersteiger 

drill seeder 

6 Adaptation of 

cropping practices 

Features the adaptation of the cropping 

system to the machine, e.g., removing 

weeds in broadcast crops cannot be 

done with machines, but row seeding 

may be introduced to facilitate 

mechanization of weeding 

Direct seeding 

7 Farming-system 

adaptation 

Investments in land development, land 

consolidation, and rural infrastructure 

are often needed to facilitate advanced 

degrees of mechanization. 

Consolidation of fields, e.g., 

through laser leveling 

8 Plant adaptation Adaptation of the plant and animal to 

the mechanization system  

Improvement in 

digestibility/heating value of 

rice straw 

9 Automation of 

agricultural 

production 

Progressing in countries with high 

labor costs and sophisticated demands 

on production and quality. 

IRRI tractor-based precision 

phenotyping/scanner for 

monitoring biomass, 

greenness, growth, and 

responses to drought; sensors 

for ambient air and wind 

GPS = geographic positioning system, IRRI = International Rice Research Institute. 

Table 1. Sequence and stages of the shifting from lower to higher mechanization systems (adopted from CIGR 

1999) 
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According to Verma et al. (1994), the major bottlenecks in farm mechanization can be clustered 

under three main areas: (a) capacity for research, development, and testing of farm machinery 

and equipment; (b) fabrication and manufacture; and (c) standardization and quality control. 

Some specific constraints are poor quality of equipment; lack of common components and 

standard designs of equipment; acute shortage of equipment testing facilities; and lack of 

education, training, and popularization of farm equipment among end-users. This is often caused 

by inadequate training facilities for farmer-users, tradesmen, and artisans; inadequate service 

centers; and lack of regulations on custom hiring services, e.g., custom farmwork agreement, 

workplace safety, environment matters.  

Mechanization is also driven by various other factors including socioeconomic conditions, 

farming systems, population density, government policy, rural labor wages, and farmer support 

for agricultural mechanization (Pingali 2007). These are some of the factors that explain why 

some countries mechanize faster than others. In short, the introduction of agricultural 

technology, including mechanization, consists of complex processes and drivers. The 

formulation of an agricultural mechanization strategy therefore requires comprehensive 

knowledge of many aspects of agriculture in its broadest sense. An agricultural mechanization 

strategy very much depends on country-specific characteristics of the economy and level of 

agriculture sector development. Recent examples show that mechanizing agriculture can be 

pursued and processes can be planned for in the way that serves a specific region or country. The 

Food and Agriculture Organization (FAO), for example, discussed agricultural mechanization 

steps in 2008 (Houmy 2008). Depending on these steps, Fonteh (2010) proposed a process for 

the elaboration and implementation of agricultural mechanization strategies as shown in Figure 

1. 

  

AMS = agricultural mechanization strategy. 

Figure 1. Process for elaboration and implementation of agricultural mechanization 

strategy (Fonteh 2010) 

This also means that the formulation process for an agricultural mechanization strategy cannot be 

prescribed in a simple set of recommendations and guidelines. 
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Any country can follow and/or adapt to fit its needs and formulate its own strategy to achieve the 

required level of mechanization. Hence, network institutions should be identified and activities 

should be defined along with these stages to be implemented in each country/region. A generic 

network of institutions and activities for supporting an appropriate choice and utilization of 

agricultural equipment is presented in Figure 2 (Pawlak et al. 2002). 

  

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Network of activities and institutions (Pawlak et al. 2002) 

Another methodological approach adopted and used by FAO with high possibility of specific 

adaptations for individual countries was developed by El Hassane et al. (2012), based on 

explanations of national mechanization strategies, as shown in Figure 3. This methodology 

describes three phases: a diagnostic phase, a study phase of the changing needs of 

mechanization, and a development phase of the strategy itself. Investigations during these three 

phases are based on two aspects: (a) study of statistical data and available documentation, and (b) 

qualitative study of mechanization. 

 

Figure 3. Part of recommended agricultural mechanization starting strategy (El Hassane et 

al. 2012) 



TS F1 Author Version No No.                                                                  Asia Rice Foundation 
Cg-Ch. 

6 

 

A
R

F.
 H

eg
az

y 
et

 a
l. 

Another important issue is whether farmers are able to invest in agricultural machinery when 

commercial agriculture is promoted, which constitutes the start of a positive path leading to 

mechanization. Animal power is an appropriate technology at the initial stage of mechanization, 

when farmers have small areas to cultivate under subsistence agriculture regimes. As explained 

by Kunihiro (2013) in Figure 4, when farming is commercialized (moving from line A-A to line 

B-B, powered agricultural mechanization is promoted. When farm size is increased to reduce 

machinery costs, larger machinery can be justified. Draught animal power is sustainable and 

viable under certain circumstances, especially for smallholder farmers. 

 

 

Figure 4. Patterns of agricultural mechanization (Kunihiro 2013) 

At the beginning of the mechanization development process, machines are basically owned by 

individual farmers. To increase utilization rates of privately owned machinery, custom hiring 

services can be provided to neighboring farmers even with animal power or small machinery in 

this early stage. If custom hiring services prove profitable, then it is viable to invest in larger (or 

more) machinery to cover larger areas. The key issue is the profitability of mechanized farming. 

To promote sound mechanization, all stakeholders, such as manufacturers, distributors, service 

providers, operators, and farmers, need to make a profit from mechanized farming. Reducing 

machinery costs is an important issue that all stakeholders should always seek. A minimum input 

of machinery to a unit area, as in conservation agriculture, is one of the alternatives to reduce 

machinery costs.  

Countries go through different mechanization stages at different times that can be expressed by a 

curve as shown in Figure 5 (Kunihiro 2013). As mechanization needs move from one stage to 

another, mechanization drivers—including policy—should be reviewed. A government can 

better select options for promoting agricultural mechanization with clear criteria. All actions 

should have appropriate budgetary support for timely implementation. 
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Figure 5. Stages in the development of agricultural mechanization (Kunihiro 2013) 

 
While farm mechanization can be a major driver for development of the agriculture sector, 

mechanization itself has its own drivers, which need to be recognized to be successfully 

established. These drivers vary according to the mechanization level and other factors, such as 

improved access to markets for traditional crops, which was a driver of mechanization in some 

countries. Another important factor is affordability of mechanization options; small and medium-

scale farmers have limited access and/or capability to purchase new machinery and are thus 

heavily dependent on ageing second-hand equipment bought from larger scale estate farms. 

Other important drivers behind mechanization, such as what farmers themselves desire and are 

willing to support to make farming more efficient and less laborious, must be recognized, as 

farmers remain the primary drivers of the mechanization process. 

Benefits and importance of mechanization 

The primary objectives and benefits of agricultural mechanization include minimization of 

production costs; optimization of product quality; protection of the environment; reduction of 

farm drudgery; timely provision of suitable conditions for plant and animal growth; better 

control of such production functions as seedbed preparation, drainage, cultivation, fertilizer 

application, planting, and weed and pest control; reduction of harvest losses; and postharvest 

quality preservation, storage, processing, distribution, and marketing, which in turn contribute to 

enhanced food security, employment opportunities, better rural living and working conditions, 

and thus reduced poverty (Pellizzi 1992). Therefore, an agricultural mechanization strategy is part 

of any agricultural development strategy. Furthermore, mechanization is one factor that has had a 

significant effect on total factor productivity since the beginning of modern agriculture. In the 

future, mechanization will also have to contribute to better management of inputs, which will be 

critical to increasing total factor productivity in global production systems, which vary widely 

among crop types and regional economic status. For example, a scarce basic resource that will 

have to be managed much better is water, a critical input in agricultural production. Figure 6 
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presents the primary methods for productivity enhancement in agriculture (Reid 2011). This 

makes agricultural mechanization one of the great achievements of the 20th century (NAE 2000), 

enabled by technologies that created value in agricultural production practices through more 

efficient use of labor, timeliness of operations, and more efficient input management. In addition, 

farm mechanization can remedy the scarcity of farm labor during peak agricultural activities like 

sowing and harvesting. It has been observed by many that farm power availability and food grain 

yield have a direct relationship: Countries with higher farm power availability have been, in 

general, more productive. 

Figure 6.  Primary methods for productivity enhancement in agriculture (Reid 2011) 

Investment in agricultural mechanization has enabled farmers to intensify production and 

improve their quality of life as well as contribute to national and local prosperity. In countries 

such as Brazil, People’s Republic of China (PRC), India, and Turkey, the rapid expansion of 

demand for farm machinery has stimulated growth of the local machinery manufacturing sector 

to the point where these countries are now major producers and world leaders in farm machinery 

exports. Much the same could happen in Africa if farmers could be helped to intensify their 

farming systems through increased levels of mechanization. This would lead to improved land 

use; increased food production; enhanced rural prosperity; and, on a national scale, greater 

export potential and less reliance on imports (FAO 2008). 

Mechanization can also have its downsides. In South and Southeast Asia, rapid mechanization 

can place pressure on fragile natural resources through increased soil erosion, lead to overuse of 

chemical inputs, and encourage farmers to open lands that currently serve as valuable forests and 

rangelands. Another environmental cost is contributing to changing climate conditions via 

adding greenhouse gas emissions. There is the danger that income will be shifted from women to 

men when traditional operations conducted by women are mechanized, and men operate the 

equipment instead. This does not need to be a problem; however, studies suggest that women 

tend to use more of their income for feeding the family and for education of children, whereas 

men often use less of their earnings for such purposes (UNAPCAEM and FAO 2011). 

At the same time there are many examples in which agricultural mechanization has been very 

successful, contributing to increased food production, productivity, and advancement of rural 

•removing bottlenecks 

•making efficient use of time  

1. Efficient use of labor by 

•hitting optimum agronomic or business windows 

•reducing spoilage and harvest losses of agricultural products  

2. Timeliness of operations by  

3. Efficient use of inputs (including water, seeds, nutrients, pesticides)  

4. Enabling sustainable production systems 
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economies (e.g., irrigation in South Asia, axial flow threshers in Southeast Asia, single-axle 

tractors in Thailand, and various forms of farm mechanization in many parts of the PRC; Rijk 

2004, UNAPCAEM and FAO 2011). In addition, moving toward environmentally mechanized 

sustainable agriculture increases access to environmentally sound agricultural machinery that 

both sustains and enhances rural livelihoods and reduces pressure on natural resources, which are 

the lifeblood for producing food.  This also offers farmers a broader range of technology choices 

at the right price to increase agricultural productivity, provide food security, and reduce 

postharvest losses. For example, many Asian countries can benefit from agricultural 

mechanization strategies by identifying and increasing farmers’ access to more viable 

postharvest technologies such as rice dryers to reduce their losses.  

Challenges and factors affecting mechanization  

Lack of information and data 

Information is key to making sound decisions. Some farmers are unaware of the availability of a 

suitable machine, tool, or implement that could aid their usually tedious work. They might be 

secluded from accessing technology by natural barriers and sociopolitical boundaries. Sadly, 

some farmers are even lackadaisical and are seemingly uninterested in mechanization. On the 

other hand, the problem of what to count as an indicator of agricultural mechanization is well 

illustrated by FAO's definition of ―tractors,‖ which includes only four-wheel tractors (4WTs) and 

does not include two-wheel tractors, although they perform all the same tasks as 4WTs. 

Consequently, by this 4WT definition of agricultural mechanization, agriculture is hardly 

mechanized. The indicator problem is compounded by the ―ladder of mechanization‖ theories 

found in some engineering and social science literature, which promote the idea that, as the 

agriculture sector develops, it uses larger scale equipment on larger holdings. Large tractors, 

complex cultivation, seeding drills, and combine harvesters are held to be at the top. Indeed, 

mechanization of this type is seen in some places, but as we will see, this linear model is not 

often reflected in the diverse patterns of mechanization and service markets found in five 

recently documented mechanization transformations in South Asia (Biggs and Justice 2011). 

Farm size 

Small farms, also known as family farms, have been defined in a variety of ways. Many sources 

define small farms as those with less than 2 ha of cropland. Others describe small farms as those 

depending on household members for most of the labor or those with a subsistence orientation, 

where the primary aim of the farm is to meet the bulk of the household’s consumption of staple 

foods. Yet others define small farms as those with limited resources including land, capital, 

skills, and labor. The World Bank’s Rural Development Strategy defines smallholders as those 

with a low asset base, operating less than 2 ha of cropland. Other definitions describe 

smallholders as farmers with limited resource endowments relative to other farmers in the sector.  

And in terms of size, it is estimated that about 87% of the world’s 500 million small farms (of 

less than 2 ha) are in the Asia and Pacific region, of which the PRC and India alone account for 

193 million and 93 million small farms, respectively (World Bank 2003, Hazell et al. 2007). 

Three other Asian countries with a large number of small farms are Indonesia (17 million), 

Bangladesh (17 million), and Vietnam (10 million). 

The existence of small, fragmented landholdings is one of the constraints in the slow pace of 

adoption of agricultural mechanization. In many parts of Asia, small farms remain at the center 

of agriculture and rural development. However, one of the main causes for low agricultural 
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productivity in most developing countries in the region is the lack of appropriate machinery to 

suit the requirements of small-scale farms. For this reason, many small farms are deemed 

unproductive and inefficient. Farm mechanization plays a significant role in every nation's 

economy. However, it is often misunderstood to mean modernization, beneficial only to 

industrialized countries with highly mechanized agriculture.  

Developing countries often have to rely on a variety of imported farm machines that are seldom 

appropriate for small farms. In many parts of Asia the most pressing need is to feed a growing 

human population. This requires sustaining food production, which can be realized by increasing 

land and labor efficiency in agriculture through farm mechanization (FFTC 2005).  

Smallholders’ contribution to the total value of agricultural output is significant in many 

countries of the region. For example, in India their contribution to total farm output exceeds 

50%, although they cultivate only 44% of the land. Many studies also confirm an inverse 

relationship between farm size and productivity. Small farmers are characterized by smaller 

applications of capital but higher use of labor and other family-owned inputs, and a generally 

higher index of cropping intensity and diversification. The inverse relationship between farm 

size and productivity is a powerful rationale for land reform policies, including land 

redistribution for both efficiency and equity gains. Experience has shown that Asian countries, 

such as India, that promoted small family farms were able to launch the Green Revolution. 

Countries like the PRC started supporting smallholder farming after collective farms could not 

provide adequate incentives to increase production and productivity (Thapa 2009). Another 

example is Vietnam, which started exporting rice after abandoning cooperatives and empowering 

smallholder farmers. 

Lack of appropriate machinery  

The majority of both locally produced and imported machines in Asia have issues related to their 

design and quality. Paras and Amongo (2005) stated that, for imported machines with technology 

transfer options, there is no guaranteed procedure to ensure the successful transfer of any 

technology because of the variability of situations and local conditions surrounding 

popularization and extension of technology. They suggest sharing and learning from each other’s 

problems and lessons, which may lead to finding alternative solutions to mimic the success of 

others in extending mechanization technologies to small farms. The commitment of all 

stakeholders to uplift the conditions of small farmers through appropriate mechanization 

schemes can be a good starting point. Independent and unbiased machinery testing reports can be 

a very useful information resource for those considering the purchase of new machinery. 

Mechanization policy 

Mechanization policy is an important aspect of agricultural planning. International experience 

shows that agricultural mechanization strategy formulation has been initiated in a number of 

countries in partnership with different organizations (e.g., FAO), but that was not sufficient for 

mechanization to proceed. National governments also need to provide the basic enabling 

conditions for a largely self-sustaining development of agricultural mechanization within a 

policy of minimum intervention (Viegas 2003).  

In attempts to remove smallholder power constraints while avoiding the wasteful and undesirable 

effects of over mechanization, particularly labor displacement, many governments have 

embarked on a program of ‖selective mechanization.‖ This involves, by means of a detailed farm 
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management and agricultural engineering study, the identification of power peaks and the most 

appropriate, cost-effective way of dealing with them. At the present levels of productivity, it is 

debatable whether the average smallholder should give priority to yield-increasing inputs, such 

as improved seeds and fertilizers, or to mechanization. In practice, the two are often inseparable. 

The newly released law on mechanization, Republic Act No. 10601, which aims to promote 

agricultural and fisheries mechanization development in the Philippines, is just one example of a 

government trying to overcome problems that arise due to lack of proper mechanization.  

Profitability, often overlooked, is an important matter in fostering agricultural mechanization, as 

it is not possible to mechanize sustainably unless it is profitable for all stakeholders in the 

system, including farmers, machine owners, machine operators, machine suppliers, and 

manufacturers. Where difficulties exist that the private sector alone cannot solve, governments 

have important roles to play to lead the promotion of agricultural mechanization. However, each 

player should stick to its mandate and role, and the government should not try to compete with 

the private sector in machinery production and distribution. 

Lack of training of extension personnel, rural youth, and farmer groups 

Historically, there is weakness in training activities in mechanization at all levels in most 

developing countries.  Upgrading farming technology and the management ability of young 

farmers is required on an ongoing basis due to fast shifts in mechanization systems. Training for 

farmers’ groups and extension personnel is very important as well. Different training materials 

and courses should be available to them and should be tailored according to different needs. 

Clarke (2000) recommends that governments develop an integrated and interlinked education, 

training, and extension program. The type and level of education and training will need to be 

geared towards the requirements of the agricultural manufacturing and production sectors. One 

of the priorities is to provide training and education for users of mechanical equipment, whether 

hand operated or motorized. Training facilities are needed for mechanics, technicians, engineers, 

and others who design equipment, work as extension officers, conduct mechanization research, 

and supervise mechanization programs. 

Lessons learned from other countries  

Japan 

Mechanization in Japan developed based on small-scale rice cultivation due to the limited size of 

paddy fields in addition to the social needs and importance of increasing production after the end 

of World War II. In the recent half century, agricultural machines drastically helped to move 

Japanese agriculture from human-powered tools, through animal power, towards mechanically 

powered equipment. Types of agricultural machinery have also changed from walking types to 

riding types. Mechanization has helped increase yield. As a result, Japan is now overproducing 

rice. For almost 30 years, a production control policy was implemented for rice. A shift from rice 

to other crops such as wheat and soybean was also recommended. Those crops are, however, not 

as attractive as rice, because the rice price was kept stable by the central government with the 

objective of supporting rice farmers financially. This kind of support accelerated the promotion 

of rice mechanization. Mechanization is now expanding from rice to other crops, such as fruits 

and vegetables, assisted by the rapid progress of computer technology. Currently even driverless, 

fully automated machines are being developed, though they are not commercialized yet due to 

issues with respect to safety and product liability, which manufacturers must be responsible for 

in case an accident is caused by poor design or a manufacturing defect. Topics identified and 
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researched now in Japan include agricultural robots and precision farming for large-scale 

farming (Nobutaka Ito 2002). Table 2 presents key mechanization indicators and information 

from Japan. 

Table 2. Key mechanization indicators and information from Japan (various sources) 

Key Mechanization Indicators Notes 

Average farm size (ha) 2.0  MAFF 2012 

Mechanization index (hp/ha) 3.00 in 1968, 7.00 in 1990  RNAM 1994 

Percentage of Mechanization (whole rice production) 

Land preparation 99%–100%  

By using transplanter; Park et 

al. 2005, Lijun Xu et al. 2011 
Crop establishment 100% 

Harvesting 100% 

Locally produced equipment For details see Table 3. Machines produced in Japan 

Mechanization growth in Japan 

Japan has been the strongest innovator and technology provider in terms of farm mechanization 

and farm machinery used in Southeast Asia. Many machinery designs found in Southeast Asian 

countries for transplanting, harvesting, and milling were first developed in Japan and later 

adapted in other countries. Also, the machines initially developed for rice farming were also 

adapted and modified by engineers for vegetables and other crops. 

In the late 1960s, small gasoline-powered transplanting machines about the size of a power lawn 

mower were invented. Small gasoline engines also powered devices to help at harvest time with 

threshing. These machines were designed to be moved easily by one person and transported into 

small fields. Similar small machines could till dry fields for vegetables and other crops. This 

replaced work farmers previously did manually or with the help of draft animals.  

At first, Japanese villages would buy one or two of a particular machine for all the farmers to 

share. Later, as farm households became more affluent, they bought their own machines. In 

1970, there were 29,000 transplanting machines in use all over Japan. By 1980, there were 

1,740,000, and by 1989, there was one transplanter for every 2 ha of rice field. Japanese 

transplanters also shifted from two- and four-row walking types in the 1960s to six-row riding-

type designs shown in Figure 7. A typical Japanese farmer views a machine, especially a rice 

transplanter, as a way to reduce drudgery and time-consuming tasks associated with paddy 

cultivation. This has motivated farmers toward the acquisition of machinery. This view of farm 

machines developed from the introduction and use of earlier farm machinery, such as the hand 

tractor and binder, that reduced workloads and hardships associated with rice production. In 

addition, by the early 1970s, farmers began to depend on non-agricultural income sources, as 

farms became unable to generate sufficient income to cover household expenses (and machinery 

purchases); in this period, the ownership of rice transplanters (percentage of farm households 

that utilized paddy planters) increased rapidly, from 2.7 in 1970 to 23 in 1974, not necessarily 

based on economic efficiency of use of these machines but more due to other factors such as 

expediency and drudgery reduction (Oshiro 1982).  
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Figure 7. Japanese transplanters: From two- to four-row walking types in the 1960s to six-

row riding-type designs now popular among Japanese farmers 

Figure 8 shows the evolution of agricultural machinery use in Japan from 1927 to 1987. The 

switch from small to larger machines with economic growth is evident. Until 1963, very few 

4WTs were used in land preparation.  By 1987, more than 2 million tractors of this kind were in 

use. During the same time period, power tiller use declined steadily after reaching a peak in 

1970. 
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Figure 8. Japan’s farm machinery, 1927–1989 (Barker et al. 1983) 

 

In the early 1970s, Japan started to switch from threshers to combine harvesters. By 1990, there 

were around 300 combines per 1,000 ha. This seems to be the trend as wages rise and as the 

economy grows. The shift from manual harvesting and threshing to combines is also supported 

by labor savings as well as quality considerations, since combine-harvested paddy is 

immediately loaded onto trucks and transported to millers, thereby minimizing field losses and 

field exposure to elements, and resulting in better grain quality and lower milling losses. As of 

2002, Japan had the highest number (1,042,000) of harvesters/threshers in use, followed by the 

PRC (197,000). Japan is number one in Asia related to mechanization indexes because of its 

highly mechanized farming operations. 

Current situation of mechanization and production in Japan 

Recently, Japan’s machinery research and development (R&D) emphasis has been on high-

technology applications, new farm machinery with much higher field capacity, automation of 

farm machinery, agricultural robots, energy saving and alternative energy development, and 

biotechnological equipment and devices. 

Recent production figures for different agricultural machines in 2008, 2009, and 2010 are shown 

in Table 3. (JFMMA 2013). These high numbers of locally produced machines also explain the 

advanced mechanization situation in Japan: It has the highest mechanization index of 7–8 hp/ha 

with a lead of around 4 hp/ha over any Asian country.  
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Table 3. Machines produced in Japan in 2008, 2009, and 2010 (JFMMA 2013) 

Item 2008                 2009                           2010 

Tractor, under 20 PS  18,102 16,344 14,860 

Tractor, 20–30 PS 67,369 46,191 55,500 

Tractor, 30–50 PS 82,825 45,035 47,608 

Tractor, more than 50 PS  42,946 32,525 40,061 

Walking-type tractor, mini tiller type 180,486 174,287 184,830 

Walking-type tractor,  rotary power tiller 7,850 7,489 9,136 

Rice transplanter, walking type 3,117 4,790 5,687 

Rice transplanter, riding type 44,981 38,243 37,309 

Power sprayer 170,790 149,333 135,464 

Power  duster 55,234 47,916 49,551 

Plant protection machinery,  running  type 2,836 2,505 2,392 

Brush cutter 1,270,111 1,337,549 1,494,160 

Grain combine, head feed type 25,124 23,618 23,010 

Grain combine, other type    909 1,455 626 

Binder 3,100 3,159 2,938 

Power thresher 1,348 1,424 1,504 

Rice husker 18,216 18,613 15,457 

Dryer  21,006 22,273 17,871 

Cutter 23,649 23,328 23,264 

Rice pearling machine 17,613 18,882 17,333 

Rice grader 12,480 16,304 14,295 

Farm carrier 13,485 12,886 12,801 

Japanese case studies  

Government subsidies for farmers and public/private sector roles  

The success of agricultural mechanization in Japan was made possible by an increase of farmers’ 

capital and by government subsidies to farmers for purchasing modern machines. A study on 

technology transfer to smallholder farmers concluded that the public roles in agricultural 

innovation systems should be based on providing incentives for welfare-enhancing private sector 

investment. Traditionally, approaches to agricultural technology development depended on 

public sector-based one-way information flow (New Growth International 2009). Today the 

private sector has come to be considered a major source of innovation and communication in the 

agriculture sector. However, actual outcomes depend on the performance of stakeholders 

concerning development and diffusion of agricultural innovation under given contexts. Better 

business opportunities should be given to contract service providers, who, as well as large 

commercial farmers, are key promoters of agricultural mechanization for smallholder farmers. 

The difficulty of collecting service fees from farmers can be a bottleneck to the expansion of this 

kind of business. Soft loans are available only to farmers with collateral, such as larger farms 

with land titles. A mechanism to promote hiring services is proposed in Figure 9 based on the 

farmer-owner-operator situation, which is believed to be a key to success in mechanization. 
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Figure 9. Proposed mechanisms to promote hire service for smallholders (Kunihiro 2013) 

 

The beneficiary farmers’ group could make a contract with a service provider by investing a 

certain amount based on the area of farms to be serviced. A cooperative could select an 

innovative farmer member as a service provider as well as a machine operator. However, the 

selected farmer should be able to invest in shelter for the farm machinery and initially in the 

running cost of the machines. The group could apply for machine purchase from a farm 

machinery distributor through a facilitating arrangement of the government and a finance 

institution. The collected investment from beneficiary farmers and the service provider’s own 

capital could be used as a down payment for the acquisition of the selected machinery. After 

completion of the repayment, ownership of the machine would be transferred from the distributor 

to the hired service provider. In some cases, it may be much easier to collect the service fees if a 

trader is the service provider or a financial institution. The possible application of such a scenario 

will be site specific, as the confidence of the beneficiary group to make such an investment will 

depend on the characteristics of each community (Kunihiro 2013). 

Land consolidation and reform  

Land consolidation can be described as the rearrangement of land areas according to the needs of 

developing agricultural technology. Land reallocation is the most important phase of land 

consolidation. As part of the democratization of Japan after World War II, Japanese leaders and 

occupation authorities worked together to carry out land reform. This is regarded as one of the 

most successful of the occupation-era reforms and has become the model for land reform in other 
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countries. The purpose of land reform was to reduce the wide gap between absentee landlords, 

who owned agricultural land but did not farm it themselves, and tenant farmers, who rented the 

land in exchange for giving the landlord a high proportion of the crop. The land reform laws 

were intended to limit the amount of farmland that one household could own to about the amount 

of land that one family could farm themselves without outside labor. The government forced 

absentee landlords to sell all their land to it. Farmers were allowed to own a small amount of 

farmland that they could rent out to others (around 1 ha in most parts of Japan, and around 4 ha 

in Hokkaido), but had to sell any excess to the government. The government then sold this land, 

usually to the tenant who had been farming it. The result greatly improved the living conditions 

of farmers. 

Land consolidation was a successful approach in Japan to mechanize the previously small farm 

landholdings. The government's strong political will and commitment, coupled with the farmers' 

cooperation, contributed to the success of land consolidation. The consolidated fields allowed for 

the entry and travel of tractors and other implements, efficient field irrigation and drainage, road 

access systems, and the establishment of on-farm postharvest facilities and other infrastructure. 

Examples of unconsolidated land as in Figure 10 and how to make large-sized plots are 

described by Eiji (2008). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10. Unconsolidated land in Japan and stages of consolidated land from 1948 to 2008 

(Eiji 2008) 
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Republic of Korea  

Before 1962, the Republic of Korea (henceforth ―Korea‖) was one of the poorest agricultural 

countries in the world. Korean agriculture was poor, small scale, and powered by animal and 

human labor. Agricultural mechanization was initially intended to overcome natural disasters due 

to drought, disease, and insects, and to free farmers from drudgery. Agricultural mechanization 

became a foundation stone not only for the development of rural areas but also for the economic 

development of the country as a whole. With agricultural mechanization, science-based farming 

could be established. Mechanization also addressed labor shortages in rural areas caused by 

increasing industrialization and urbanization. Thus, even when available labor in rural areas 

rapidly declined, agricultural mechanization compensated for the shortage. Korean farmers were 

able to increase their productivity, which led to self-sufficiency in rice, the main staple food in 

the country. Agricultural mechanization was intensively centered on rice cultivation, with 

consideration for the structural characteristics of Korean agriculture, which was composed 

mainly of small farms. As agricultural mechanization intensified, it went from small machinery 

to larger and higher performance machinery such as 4WTs, riding-type rice transplanters, and 

combine harvesters.  

Mechanization growth in Korea 

Agricultural mechanization in Korea can be regarded as having started in the early 1960s, when 

tillage operations, the primary and most labor-intensive work, were mechanized following the 

initial distribution of power tillers. In the 1960s, increasing food production was adopted as the 

highest priority objective in agricultural policy. Accordingly, disaster relief projects to reduce 

drought damage, diseases, pests, etc., which damaged grain production considerably, were 

pursued intensively. Agricultural mechanization was also focused on drought-mitigating 

measures for pest and disease control to increase food production, and to align it with the 

government’s other agricultural policy objectives.  

The development and distribution of agricultural machinery, such as water pumps and power 

sprayers, was promoted with government support. Meanwhile, various kinds of tillers and tillage 

machines used in other countries for plowing the soil deeper than traditional cattle-drawn plows 

were introduced to increase the productivity of paddy fields by deep plowing and heavy dressing. 

These power tillers were tested for adaptability and selected according to the size and type that 

were suitable for Korean farming patterns. Despite these objectives, power tillers were used 

mainly for transportation rather than in field operations in the initial stages. However, they 

replaced animal power following gradual usage for plowing, harrowing, etc. With active 

government support, power tillers became the center of agricultural mechanization in Korea. The 

models and the power range of power tillers also diversified. 

In 1971, the President ordered the promotion of agricultural mechanization to increase domestic 

production as soon as possible by systematizing and actively supporting the manufacturers, 

which until then were too marginal to effectively support agricultural mechanization. In 1972, 

the Five Year Plan for agricultural mechanization was set up by presidential order, and 

agricultural mechanization projects were moved forward as major policy. To support 

mechanization, the first Five Year Plan provided for agricultural machinery distribution to 

include 196,000 items, including 38,740 power tillers. Starting in 1974, with an additional 

KRW30 billion ($27 million) loan from the National Investment Fund, 100,000 power tillers 

with attachments were supplied over the next 3 years. This led to increased mechanization and 
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substitution of animal power. The number of power tillers that were supplied started with 11,000 

in 1970 and increased to 235,000 in 1979, or more than 20 times the original number. In 

addition, manufacture of power tillers was completely localized in 1978.  

To ensure systematic and continuous promotion of agricultural mechanization, the Agricultural 

Mechanization Promotion Law was enacted and promulgated at the end of 1978. To arrange 

funding support for the purchase of agricultural machinery, loans were drawn from the German 

Kreditanstalt für Wiederaufbau and from the Asian Development Bank (ADB). All this was 

reinforced by the reduced availability of rural labor and increasing rural wages, which continued 

during the 1970s and made it impossible for farmers to get sufficient laborers even if they were 

prepared to pay high wages in peak demand periods during rice transplanting and harvesting. 

The mechanization of rice transplanting and harvest was therefore urgently needed.  

Adaptability testing was introduced and carried out for rice transplanters and harvesting 

machinery to select those machines suitable for Korean farming conditions. Two- and four-row 

rice transplanters, binders, and head-feeding combine harvesters with two and three rows were 

selected. In the case of the rice transplanter, there were many difficulties, such as farmers 

objecting to new farming methods and a reduction in productivity upon their introduction. But 

through the guidance and efforts of agricultural extension officers and continuous development 

and distribution of mechanical rice transplanting and nursery techniques, accompanied by 

demonstration projects, rice transplanters were fully introduced and went on to become the 

foundation of the mechanization of major farming operations. 

During the 1980s, labor migration from rural areas to cities became far more intense. The labor 

shortage in peak seasons such as rice transplanting and harvesting became an evident problem, 

and the demand for mechanization of rice transplanting and harvesting increased. The 

government decided to promote the distribution of rice transplanters and harvesting machines. At 

the end of 1989, around 110,000 rice transplanters, 50,000 binders, and 32,000 combine 

harvesters were introduced. The mechanization rate of both rice transplanting and harvesting 

rose to more than 60%, leading to a consistent mechanization system in paddy cultivation from 

tillage to harvesting. In the 1990s, with the acceptance of mechanical drying, mechanization in 

rice production reached more than 90%, achieving near-complete mechanization, though mainly 

using small-scale machinery. With this progress of mechanization, and an aged and women-

oriented labor force in decline, small-scale agricultural machinery gradually changed to high 

efficiency, large-scale, and riding-type machines. Joint utilization groups for agricultural 

machinery were encouraged, and after-sales service was strengthened to achieve complete 

mechanization in rice cultivation. 

Meanwhile, the demand for mechanization also increased for upland crops, which at that point 

largely lacked mechanization as compared with paddy cultivation. Agricultural machinery for 

upland crops including cultivators, seeding machines, and vinyl mulching machines was 

therefore developed.  

Until the 2000s, along with state-of-the-art technology such as eco-friendly precision farming 

machinery and automation and robotization of farm work, mechanization technology was 

developed for quality differentiation and safety improvement. Figure 11 shows examples of 

agricultural mechanization by development stage in Korea (Yun and Kim 2013) 
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Figure 11. Agricultural mechanization by development stage in Korea (Yun and Kim 2013) 

Current situation of mechanization and production in Korea 

Complete mechanization of rice cultivation was achieved in Korea in the 1990s. The labor input 

per hectare in rice cultivation was consistently reduced from 1,700 hours in 1971, to 928 hours in 

1981, and to 162 hours in 2008. The number and types of major agricultural machinery 

possessed by farmers, including power tillers, tractors, rice transplanters, and combine 

harvesters, reached 1,337,000 units, an average of 1.1 units per farm household. As agricultural 

mechanization successfully developed, Korea is now able to export agricultural machinery such 

as tractors to the United States and European countries (Yun and Kim 2013). Table 4 presents 

key mechanization indicators and information for Korea. 
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Table 4. Key mechanization indicators and information from Korea (various sources) 

Key Mechanization Indicators Notes 

Average farm size (ha) From 0.9 in  1965 to 1.36 in 2000   Chung 2005 

Mechanization index (hp/ha) 0.435 in 1968, 4.70 in 1990  RNAM 1994 

Percentage of Mechanization (whole rice production) 

Land preparation 100% of the tillage Park et al. 2005, Lijun Xu 

et al. 2011 
Crop establishment 98% of the transplanting 

Sprayer application 100% 

Harvesting 99% 

Korean case studies 

Support to agricultural machinery manufacturers 

The government of Korea implemented a classification policy to promote local production of 

parts and components. For this, the government specified parts in line with the requirements of 

the manufacturers and then certified suppliers producing those components or parts for mass 

production. This policy was designed to avoid the problems associated with nonstandardized 

parts and to ensure quality.  However, as the demand for tractors, combine harvesters, and rice 

transplanters grew in the mid-1970s, the government abolished the classification policy. Instead, 

in 1997, the government introduced a new policy of production licenses to strengthen the 

agricultural machinery industry by promulgating the Plan for Strengthening Agricultural 

Machinery Manufacturers. Under this policy, manufacturers had to obtain one of two types of 

production license to produce agricultural machines, components, or tools: Integrated Farm 

Machinery Manufacturer (IFMM) or Specialized Small to Medium-sized Machinery 

Manufacturer (SSMM). This policy was intended to protect and foster the Korean agricultural 

machinery industry.  

Production facilities and personnel qualifications were standardized for manufacturers, 

depending upon the machines produced. Only those manufacturers that met such standards were 

allowed to produce agricultural machines. Under this policy, five manufacturers were designated 

as IFMMs and licensed to produce relatively big machines like power tillers, tractors, rice 

combines, rice transplanters, and farm engines. Eight manufacturers were designated as SSMMs 

and licensed to produce relatively small machines such as power sprayers, power threshers, 

water pumps, grain dryers, and milling machines. As of June 1982, 258 manufacturers were 

licensed for the production of 166 parts. This policy for the specialization of parts for mass 

production continued until a new policy based on completely free competition was introduced in 

1988. The Plan for Strengthening Agricultural Machinery Manufacturers was intended to prevent 

manufacturers from overinvesting in production facilities and to strengthen the agricultural 

machinery industry. 

Through such government support policies, the agricultural machinery industry in Korea has 

matured and is now comprised of four major producers of power tillers, tractors, rice combine 

harvesters, and rice transplanters, and about 400 manufacturers producing sprayers, dryers, 

cultivators, as well as various implements such as plows, rotavators, balers, loaders, and facilities 

for horticulture and livestock production (Yun and Kim 2013). 
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After-sales service 

Korea has on one of best after-sales service systems in Asia. Service is provided on different 

levels within the country, starting with after-sales service for small problems with agricultural 

machinery in small town and cities, and after-sales centers in each main city for larger problems, 

such as failure of transmission systems and engines. These repair centers are operated by agents 

of manufacturers in each region or province. This system is necessary for large agricultural 

machinery such as tractors and combine harvesters. Figure 12 illustrates one example of this 

system.  

 

 
Figure 12. After-sales service system for agricultural machinery in Korea 

 
In Korea, agricultural machinery suppliers are responsible for after-sales service, should be 

equipped with proper facilities for repair and maintenance, and also should be certified by their 

local governments (Kang 2006). 

People’s Republic of China 

Both the development of agricultural mechanization and the manufacturing of farm machinery in 

the PRC have made significant contributions to the transformation of the country’s traditional 

farming into modern agriculture. The impact of science, technologies, and experiences from 

international and regional exchanges on agricultural mechanization and the development of the 

manufacturing industry have played important roles in this transformation (Stavis 1978, Wang 

2013). Table 5 presents key mechanization indicators and information from the PRC. 
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Table 5. Key mechanization indicators and information from the PRC (various sources) 

Key Mechanization Indicators Notes 

Average farm size (ha) Decreased from 0.56 

ha in 1980 to 0.4 ha in 

1999 

Fan and Chan-Kang 2003 

Mechanization index 

(hp/ha) 

3.88  RNAM 1994 

Percentage of Mechanization (whole rice production) 

Land preparation  82%  For tillage; Defeng 2011 

 

Crop establishment 20.86%  By using transplanter; Hongwen 2012 

Harvesting 64.49%  Hongwen 2012 

Available Number of Selected Rice Production Machines 

 

Farm Machine 

 Number in 2001 

(million) (FAO 2001) 

Available Number 

in 2011 (million) 

(Agricultural Year 

Book 2012) 

Units Produced in 

2011(China Statistical 

Yearbook 2011) 

Power tiller NA NA 50,495 

Tractor (all sizes) 13,689 21,7796 18,233 

Rice transplanter NA 0.333 23,361 

Power cultivator for paddy NA NA 29,485 

Power sprayer NA NA 110,504 

Water pump NA NA 98,167 

Combine harvester 0.2321 0.9921 9,768 

Rice drier NA NA 31,942 

NA = not available. 

Mechanization growth in the PRC 

Since 1949, the PRC’s agricultural mechanization has developed through four stages: (a) 

preliminary stage from 1950 to 1980, (b) national economic system reform stage from 1980 to 

2003, (c) transformation of traditional farming into modern agriculture stage from 2004 to 2009, 

and (d) development of agricultural machinery manufacturing industries and investment 

opportunities and challenges stage from 2010 to the present.  

In Stage I, the preliminary stage, 1950–1980, the most effective steps were the dissemination of 

improved farm tools into the rural areas by the government. This increased agricultural 

productivity and upgraded the rural economy from a weak economic base and low levels of 

technological and institutional development. Then there was rapid development of agricultural 

mechanization; the government promulgated the goal of ―achieving national agricultural 

mechanization‖ by 1980. In addition, the government adopted administrative and other measures 

to speed up the agricultural mechanization process. By 1980, total farm power had reached 147.5 

GW, and about 42.4% of cultivated land had been mechanized. During this stage, there was a 

transformation of the national economy from central planning towards a market-oriented 

economy, and the government abolished the rural people’s commune system. The government 

also promoted international science and technology exchange and import-export trade in farm 



TS F1 Author Version No No.                                                                  Asia Rice Foundation 
Cg-Ch. 

24 

 

A
R

F.
 H

eg
az

y 
et

 a
l. 

machinery along with the reforms and opening up the economy to the outside world. The first 

international farm machinery exhibition in Beijing attracted 12 foreign machinery companies and 

created interest among local firms and technical circles and awareness of mechanization in 

government bodies. The government bought most of the equipment exhibited at the fair; 

technology exchanges and cooperation between the Chinese farm machinery industry and its 

global counterparts began. During the event Chinese people learned about the latest 

developments in global farm machinery technology and recognized the technology gap between 

the PRC and the developed world. The PRC then imported a complete set of large tractors and 

matching farm implements. 

In Stage II, national economic system reform (1980–2003), the central government issued 

―Decisions on Promoting the Advancement of Science and Technology.‖ Efforts focused on 

supporting basic and high-technology research activities, while giving full support to R&D 

institutions that directly enhance economic development and convert research outputs into 

commercial applications. Mechanization of rice production created a huge market opportunity 

and presented possibilities for technology transfer from foreign firms. Socialized agricultural 

mechanization services began in rural areas using cereal combines for transregional mobile 

harvesting services following harvesting patterns from the south to the north. Such services 

increased the utilization hours of large and medium-sized machinery and hence improved farm 

viability and profitability. International farm machinery firms saw opportunities to enter the 

Chinese market, especially those producing equipment for crop establishment, intercultivation, 

and harvesting. Local production capability for large and medium-sized machinery lower than 

200 hp steadily matured to meet market demands for tillage, seeding, and harvesting of 30 

million ha of paddy fields. Rural industry contributed one-fourth of the gross domestic product 

(GDP), one-fifth of national income, one-third of farmers’ income, one-half of the increase in 

industrial production, and two-fifths of export value. Village and township enterprises provided 

more than US$100 billion in agricultural development funds and employed 130 million rural 

laborers. 

During Stage III, transformation from traditional farming to modern agriculture (2004–2009), the 

government enacted the first State Law on ―Promotion of Agricultural Mechanization,‖ which 

became effective on 1 November 2004. It required all government bodies above the county level 

to include the promotion of agricultural mechanization in national and social development plans 

and to increase financial support for its development. The PRC’s increased annual GDP reached 

an average of 9.8% in 2008 and created a favorable national economic situation to balance the 

economic gap between urban and rural areas. The country entered a new period characterized by 

industry supporting agriculture, and the urban economy supporting rural development. Skilled 

farmers learned modes of operation for the commercialization and socialization of farm 

machinery services, which created an increasing market for large and medium-sized farm 

machinery. Development of large and medium-sized tractors and combines revitalized the 

agriculture sector. Domestic markets grew rapidly as old machines were replaced. Market 

opportunities for large tractors and combines were opened, and domestic production capabilities 

for medium-sized and large tractors increased (Wang 2013). 

In 2007, the general agricultural mechanization level and the ratio of agricultural labor force to 

total social employment reached 42.5% and 38%, respectively, indicating that agricultural 

mechanization had entered the intermediate period. According to the statistics of 2008, land 

preparation through mechanization, primarily tractor usage, reached 91 million ha across the 
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nation, accounting for 63% of the total farmland. Fifty-nine million hectares of farmland were 

sowed by machines, and 47.5 million ha were harvested by machines, representing 38% and 31% 

of the total cropland, respectively. The farm mechanization level (powered tillage, sowing, and 

harvesting) was on average 46% (43% in 2007), and the mechanization level of rice harvesting 

was more than 50%. In 2009, the general agricultural mechanization level reached 49%, and the 

mechanization of plowing, sowing, and harvesting achieved 64%, 40%, and 37%, respectively. 

Meanwhile, the country’s three major crops also achieved rapid development in terms of 

mechanization level: Wheat production achieved almost complete mechanization, and the 

production of both rice and corn achieved more than 54% mechanization. In 2009, the general 

agricultural mechanization level of wheat, rice, and corn production was 89%, 55%, and 55%, 

respectively (Soni and Ou 2010a, b). 

With the beginning of Stage IV, development of agricultural machinery manufacturing industries 

and investment opportunities and challenges (2010–present), the domestic market for large and 

medium-sized farm machinery began to grow rapidly. This opened market opportunities for 

advanced large tractors and combines and stimulated agro-machinery manufacturers to adjust 

their product structure. The domestic production capability for medium-sized and large tractors 

also increased. In terms of the agricultural machinery product structure, the domestic production 

capability for large and medium-sized machinery under 200 hp steadily matured to meet the 

market demands for tillage, seeding, and harvesting in recent years. As the PRC has a total of 

about 30 million ha of paddy fields, the mechanization of rice production has created a huge 

market opportunity while also presenting a challenge for technology transfer from foreign firms. 

During this time, industries have shifted from fabrication of simple hand tools and animal-driven 

implements to manufacture of various types of modern agricultural equipment. The country’s 

agricultural machinery industries already supplied many kinds of farm power and implements to 

meet the requirements of domestic agricultural production; now industries have enhanced the 

competitiveness of their small and medium agricultural machinery in the world market. 

Current situation of mechanization and production in the PRC 

The total power of agricultural machinery soared from 640 GW in 2004 to 977 GW in 2011, with 

a 6.2% compound annual growth rate. Total power was expected to surpass 1 million GW in 

2012, realizing ahead of schedule the objectives set in the 12th Five-Year Plan. The agricultural 

machinery structure is optimized with high-power, high-performance machines and compound 

operations maintaining strong growth. In 2011, the ratio of large and medium-sized tractors to 

small tractors was 1:4.1, and the ratio was expected to reach 1:3.9 by 2012. The agricultural 

mechanization of the PRC has developed into the intermediate stage. In 2011, the comprehensive 

agricultural mechanization level (plowing, planting, and harvesting) reached 54.8%, up 20.5 

percentage points from 2004. And the figures for 2012 and 2013 are projected to be 57.0% and 

58.5%, respectively. Agricultural machinery service organizations are increasingly expanding, 

with service capabilities ever improved. Due to the changing market demand as well as the 

favorable agricultural machinery subsidy policy, made-in-China large and medium-size tractors 

have seen rapid growth in recent years, especially products over 100 hp. In the PRC, the 

transplanter market has two features: First, the walking transplanter has been playing a dominant 

role, with sales volume in 2011 making up 66.5%.  Second, the market has a relatively low 

degree of concentration and is monopolized by foreign brands. In 2011, the combined market 

occupancy of Kubota, Yanji Rice Transplanter Manufacturing, and Shandong Fuerwo 

Agricultural Equipment stood at more than 50%. Furthermore six global agricultural machinery 
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companies produce in the PRC, including John Deere and CNH (business merger of Case 

Corporation and New Holland), as well as 14 Chinese industrial players such as YTO Group 

Corporation, Foton Lovol International Heavy Industry, Luoyang Zhongshou Machinery and 

Equipment, and Chery Heavy Industry (Global and China Agricultural Machinery Industry 

Report 2013). 

Chinese Case Studies 

Subsidy for Purchase of Machinery  

Farmers in the PRC commonly do not purchase machinery that is not on the subsidy list. Since 

2004, the government has provided subsidies for the purchase of agricultural machinery. The 

program is implemented at the provincial level, and it is up to local governments to decide on the 

machinery and models eligible for the subsidy. The subsidy has been used to target the 

mechanization of wheat harvesting and rice planting, but in 2007 trials began to include support 

for mechanization of corn harvesting.  

To qualify for the subsidy list, some preliminary evaluations must take place. The list is updated 

once a year, and if the deadline is missed, there is a 1-year delay before the product is placed on 

the subsidy list. This does not preclude a company putting machinery on the market, but the 

machinery will most likely not sell well, because the government subsidy is not available. Part of 

qualifying for the subsidy list is to have each tractor model comply with safety and performance 

testing such as horsepower, drawbar power, fuel economy, and noise. Figure 13 shows the 

Chinese government subsidy levels in 3 continuous years (Davis et al. 2010). 

 

 

 

 

 

 

 

 

 

 

Figure 13. Chinese government subsidy levels 

 

Zhejiang Province: Agricultural mechanization development and services 

The government of Zhejiang Province released ―Opinions on Promoting and Developing 

Agricultural Mechanization‖ No. 88 on November 24, 2011, which marked a significant 

milestone in agricultural mechanization and mirrored its pivotal role in the development of 

modern agriculture (People’s Government of Zhejiang Province 2011). 

Central Government  Subsidy 

  

Local Government Subsidy  
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Since the dawn of the new century, and especially since the promulgation of the Law of the 

People’s Republic of China on Promotion of Agricultural Mechanization in 2004, Zhejiang 

Province has achieved the fastest development in agricultural mechanization and has made the 

most substantial improvement in agricultural machinery and equipment. It was predicted that by 

the end of 2013, the province would possess 17,000 medium-sized and large tillage machines, 

19,000 combine harvesters, 7,586 paddy transplanters, 2,132 dryers, 200,000 self-propelled 

sprayers, 220,000 sets of agricultural product processing machines, and 1.4 million m
3
 of 

refrigerated warehouses. The original value of agricultural machinery in the whole province is 

estimated at 24 billion yuan ($3.9 billion), the total power of agricultural machinery at 24.7 GW, 

and the power of agricultural machinery for each hectare of arable land at 13.33 kW.  

While the total volume of agricultural machinery has been rising rapidly, the stock structure has 

been progressively optimized, and various kinds of highly efficient agricultural machines and 

equipment have mushroomed. Traditional agricultural machinery has gradually given way to 

medium-sized and large tillage machines, high-speed ride-on paddy transplanters, self-propelled 

plant protection machinery, and head-feed combine harvesters. Supporting machinery and 

equipment for tea processing, aviculture, animal husbandry, aquaculture, and agricultural product 

preservation have been increasing exponentially. Since 2004, there has been an increase of 

582,000 sets of agricultural machinery of various types in total in the province, about 300,000 of 

which are used in dominant industries. Protected cultivation has been initiated on another 53,333 

ha of land (Zhejiang Government 2012). Statistics reveal that the number of agricultural 

machinery manufacturing enterprises (including those producing spare parts) exceeded 5,000 in 

Zhejiang; that the gross output value of the agricultural machinery manufacturing industry hit 66 

billion yuan ($10.9 million) in 2010, doubling over 2004 and ranking fourth nationwide; and that 

the export volume of agricultural machinery products ranked first nationwide.  

Servicing capabilities have been sharply intensified. With constant improvement in institutions 

and mechanisms for rural operation, a large number of new agricultural mechanization service 

entities, including specialized cooperatives, operating companies, and brokers, have sprouted and 

blossomed, thus promoting the rapid expansion of service fields and the continuous innovation of 

service products. A full range of services, including unified mechanized tillage, paddy 

transplanting, plant protection, crop harvesting, drying, and processing, have expanded steadily.  

In 2010, the State Council issued regulations on the ―Supervision and Administration of the 

Safety of Agricultural Machinery and Opinions on Promoting the Sound and Rapid Development 

of Agricultural Mechanization and the Agricultural Machinery Industry.‖ In the past few years, 

the Ministry of Agriculture has successively made amendments to seven rules with regard to the 

development of agricultural mechanization. At the provincial level, the provincial government 

promulgated ―Measures for Promoting Agricultural Mechanization and Administering the Safety 

of Agricultural Machinery in Zhejiang‖ in 2006. In 2007, the province pioneered the 

implementation of policies concerning subsidizing mechanized agricultural operation. The 

provincial government also issued ―Opinions on Promoting and Developing Agricultural 

Mechanization‖ in 2007. In the meantime, the Law for Promoting Agricultural Mechanization 

and Administering the Safety of Agricultural Machinery in Zhejiang‖ was listed on the 

legislative agenda of the Provincial People’s Congress (Zhejiang Government 2012).  

 

The release of this series of laws, regulations, policies, and measures forcefully promoted the 

development of agricultural mechanization in a legalized manner. Statistics reveal that a total of 
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8.5 billion yuan ($1.4 billion) was invested in agricultural mechanization between 2005 and 2011 

in the province, of which financial support at various levels exceeded 3 billion yuan ($0.5 

billion), the total of subsidies for the purchase of agricultural machinery from the central 

government soared from 3.5 million yuan ($0.58 million) in 2005 to 410 million yuan ($68.3 

million)  in 2011, and provincial fiscal support rose from 5 million yuan ($0.83 million) to 110 

million yuan ($18 million). On this basis, the provincial government persisted in both developing 

the agricultural machinery industry and ensuring workplace safety, initiated and intensified 

cooperation with such organizations as the Department of Public Security, pioneered the 

establishment of ―agricultural machinery police offices‖ in the nation, improved the system for 

supervising and administering agricultural machinery and safety, and effectively curbed the trend 

of the frequent occurrence of tractor traffic accidents, thus adequately safeguarding the 

sustainable and sound development of agricultural mechanization. The year 2010 saw a total of 

815 tractor traffic accidents with 238 deaths across the province, down 1,023 accidents and 154 

deaths from 2004 (Zhejiang Government 2012).  

Agricultural mechanization strategy 

Two basic driving factors led to the development of agricultural mechanization in the PRC: One 

was the resolve to develop agriculture through mechanization; and the second was the resolve to 

develop the farm machinery manufacturing industry to support rural development. However, 

these two simplified doctrines were not by any means complete. The resolve to develop 

mechanization was driven by the resolve for self-sufficiency in food for the burgeoning 

population, estimated to reach 1.6 billion in 30 years even under the one-child-per-couple policy. 

The extensive efforts of agricultural R&D in the pursuit of high rice yields ran parallel with the 

mechanization approach. Perhaps the idea of regional or worldwide cooperation in 

mechanization has been a result of the PRC’s collaboration with research institutions in 

agriculture worldwide. For example, as early as 1978, the country’s agricultural research 

institutions began collaboration with IRRI. The PRC was a pioneer in the production of rice 

through hybrid technology, which has enabled the yield barrier of 15 t/ha to be broken.  

 

Thus, while mechanization has been the proclaimed goal, the country also pursued parallel 

developments by mobilizing other teams possessing expertise and technology. Complex as it is, 

mechanization is not a stand-alone goal. An agricultural mechanization strategy is needed to 

achieve rational mechanization, but other requirements outside of machinery technology must be 

explored. The PRC appears to have met those requirements. It developed its machinery 

manufacturing industry in parallel with mechanization development to support the latter and as a 

strategy to advance the country’s economic development. This strategy seems to have emanated 

from the policy of supporting agriculture with the goal of increasing yields and providing for 

food security. There may be other, hidden aspects that explain the willingness of farmers to 

adopt mechanization technology. There is the social aspect, which impinges on cooperation and 

discipline that may have taken root during the Cultural Revolution era (Wang 2013). 

 

India 

Mechanization in agriculture has paralleled many other changes in India, which has transformed 

itself from a machinery importer to the world’s leading tractor manufacturer. Most of the earlier 

innovations in the rice mechanization sector in India were on tractors, drillers, mechanical 

transplanters, different types of irrigation machinery, and mechanical weed control as preharvest 
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machines. For postharvest operations, automation is used for harvesting, proper threshing, post-

thresh cleaning, rolling, milling, drying, and safe storage (Manchikanti and Sengupta 2011). 

Table 6 presents key mechanization indicators and information from India. 

 

Table 6. Key mechanization indicators and information from India (various sources) 

Key Mechanization Indicators Notes 

Average farm size (ha) Declined from 2.2 ha in 1950 to 

1.8 ha in 1980 to 1.4 ha in 1995–

1996 and to 1.33 ha in 2000–2001 

Nagayets 2005 

Mechanization index (hp/ha) 0.63 hp/ha in 1981, 1 hp/ha in 

1990,  

1.96 hp/ha in 2005, and predicted 

to be 2.55 hp/ha in 2011  

RNAM 1994, Sidhu 

2011 

Percentage of Mechanization (whole rice production) 

Land preparation 40.3% (tillage)  

 

Kulakarni, 2009 

Crop establishment 28.9% (sowing with drills and 

transplanters) 

Water (irrigation) 37% 

Plant protection  34% 

Harvesting 65% using reapers 

37% using combines 

Drying   

Number of two- and four-wheel tractors and combine harvesters-threshers in India in different 

years according to FAO (FAOSTAT 2013)  

Machine  2001 2002 2003 

Agricultural tractors (4WT) 2,238,000 2,385,000 2,532,900 

Combine harvesters- threshers 373,450 398,575 423,700 

Pedestrian controlled tractors 

(2WT) 

NA NA 279,300 

NA = not available. 

Mechanization growth in India 

The general pattern for the growth of mechanization in India was found to be broadly similar to a 

more worldwide pattern but with two clear mechanization stages: (a) the first stage starting from 

the 1950s to the 1970s, and (b) the second stage from 1970 to the present (Gajendra Singh 2013). 

The first stage included education related to agricultural engineering programs, indicating its 

importance alongside other engineering disciplines; importing of tractors; and farm operations 

and transport work using draught animals. This period ended with tractor production, which 

started under license in 1961, having an annual output of 880 tractors by Eicher Tractor Ltd.  

Five manufacturers were licensed to make tractors, while production of power tillers started in 

1965. More concentrated support for the field of agricultural engineering education was provided 

with establishment of the first college of agricultural engineering, based on the US Land Grant 

pattern, in 1962 at Pantnagar with the help of the University of Illinois. This was followed by the 

establishment of six more colleges and two degree-granting departments at institutes under the 
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Indian Council for Agricultural Research (ICAR). During this time, 96% of the tractors were 

owned by larger farmers with landholdings of more than 10 ha. Another major development was 

the creation of credit facilities to purchase farm equipment. In the late 1960s, the Green 

Revolution began, marking the beginning of the second stage. 

In the second stage, more significant progress in agricultural mechanization occurred. From 1970 

to 2000, the number of power tillers and tractors in use increased from 9,500 and 146,000 to 

100,000 and 2.6 million, respectively, while the number of draught animals in use declined from 

83 million to 60 million, marking a significant shift in the source of farm power. During this 

time, six new companies were licensed to manufacture power tillers. Rural credit became a 

reality as banks opened branches in rural areas. As a result, the availability of credit to farmers 

increased, and the tractor market expanded rapidly. A concerted effort was initiated to provide 

incentives to farmers through appropriate price support mechanisms. Manufacturing of irrigation 

pumps and threshers expanded as farmers began installing electric motor- and diesel engine-

driven irrigation pumps, and purchasing threshers to handle the increased volumes of produce. 

During this period, custom hiring of threshers and pump sets increased, as many farmers were 

able to afford services from those who purchased machines. Custom hiring of tractor implement 

systems and tractor-trailer units grew rapidly for tillage and transportation. Approximately 60% 

of the annual use of the tractors was for custom hiring. 

From 1981 to1990, the Government of India undertook a concerted effort to popularize tractors 

and to make them affordable to more farmers. Power tillers and tractors with engine capacity 

above 1,800 cc were exempted from excise duty to encourage mechanization. India, which had 

been an importer of tractors up to the 1970s, started exporting tractors in the 1980s. Threshers 

with tractor power take-off (PTO) also gained popularity. The minimum support price for rice 

was enhanced every year, and grain bulk storage facilities expanded significantly. The use of 

power tillers almost doubled during the decade from 1980 to 1990. There was significant 

expansion of capacity for agricultural engineering education, as seven new agricultural 

engineering colleges were established. A separate agricultural engineering division was created 

at ICAR with responsibility for coordinating R&D projects related to agricultural mechanization 

and postharvest processing at its institutes and state agricultural universities. By 2000, 

agricultural mechanization had spread widely, and policy decisions were taken to allow 

mechanization to grow on its own merit and strength. Custom hiring of machinery and 

implements became popular in a big way. The majority of farmers hired custom threshing 

services from dedicated professional contractors, not necessarily farmers, who owned tractor and 

PTO-driven threshers. Similarly, hiring of combine harvesting services from professional 

contractors gained wider acceptability. 

During 2001–2010, an appreciable improvement in agriculture occurred in India, leading to a 

boom in agricultural machinery manufacturing. Three major international manufacturers 

established plants there: John Deere, New Holland, and Same. Due to mergers, Mahindra and 

Mahindra and Tractors and Farm Equipment have become huge conglomerates with international 

operations. Three new colleges of agricultural engineering were set up, and the total number of 

such colleges in India as of 2010 was 30. The annual admission capacity for bachelor-level 

programs reached 1,200 students. At the masters and doctoral levels the intake of students 

reached 300 and 100, respectively. The minimum support price for farm produce increased 

significantly during 2008–2011. The high food prices both in India and globally at this time led 

to increased attention to energy- and water-saving technologies. The zero-tillage drilling of 
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wheat after rice in North India is becoming popular, mainly due to savings both in cost and time. 

The use of laser land levelers on a custom-hire basis is growing, as it saves up to 30% of 

irrigation water and helps increase productivity. Combine harvesters operating in custom-hire 

business models gained popularity (Mani et al. 2008). 

Current situation of Indian machinery production and distribution 

The adoption of agricultural mechanization in India is continuously increasing. In 2007, India 

had 3.2 million agricultural tractors and 0.48 million combine harvesters and threshers. The 

density of tractors per 1,000 ha of cropped area was about 16 compared with the world average 

of 19, and 27 in the US (Directorate of Economics and Statistics 2013). Now India is the world’s 

largest producer of tractors, manufacturing more than 630,000 in 2011. More than 400,000 

tractors per annum have been sold on average in India during the past 5 years. The average 

tractor size is presently about 36 hp but is slowly increasing and is expected to rise to 45 hp by 

2020. The export market for tractors is growing: It increased from 8,000 units in 2000 to 57,000 

in 2011. The tractor population is expected to stabilize at around 7 million units by 2050, and 

available farm power is expected to then stabilize at around 4.5 kW/ha. The draught animal 

population will decrease drastically, whereas power tillers, diesel engines, and electric motors 

are expected to see significant increases during 2005–2050. 

Power tillers are becoming popular in lowland flooded rice fields and hilly terrains. About 

200,000 units are currently in use. There are two major manufacturers, namely VST Tillers and 

Tractors Ltd. in Bangalore and Kerala Agro Machinery Corporation in Ernakulam. The annual 

sale of power tillers has been between 20,000 and 25,000 over the last 5 years, although these 

figures include some units that were imported from the PRC. Diesel engines and electric motors 

are the main stationary power sources, with a total estimated population of more than 6.8 million 

and 21 million, respectively. The engines range in horsepower and are used mainly for pumping 

but also for threshing, milling of flour and dal, and oil extraction. 

The use of combine harvesters and threshers is showing steady growth. Combine harvester 

manufacturing is concentrated mainly in Punjab, with more than 3,000 sold annually. Combine 

harvesting of paddy is well accepted by farmers. Tractor-powered combine harvesters cost only 

25%–30% of the price of self-propelled combines. This has proven to be a significant innovation 

of manufacturers in Punjab, which makes it easier and more affordable for individual farmers to 

purchase. In contrast, dedicated self-propelled combines are normally owned by custom hiring 

service contractors. In 2006, 13 models of self-propelled combine were being manufactured with 

cutter bar widths ranging from 2.06 m to 4.85 m (IASRI 2006). 

Steady growth has been observed in manually operated tools, animal-operated implements, and 

equipment operated by mechanical and electrical power sources. The number of manually 

operated sprayers has almost doubled since 1992. After liberalization and with development of 

sprayer prototypes, manufacturing received a big boost, particularly in Haryana, Punjab, 

Rajasthan, Madhya Pradesh, and Uttar Pradesh (Directorate of Economics and Statistics 2013). 

Fabrication of agricultural tools and machinery 

In the Trans-Gangetic Plains, agricultural machinery and equipment are manufactured by more 

than 300 registered small-scale manufacturers. In addition, several thousand village artisans and 

blacksmiths are engaged in fabrication and repair of simple farm tools and spare parts. As many 

as nine tractor manufacturers are located in this zone, producing tractors ranging from 20 to 70 
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hp. A network of tractor dealers and private repair shops and garages are engaged in repair, 

maintenance, overhauling, and after-sales services. The private shops and garages lack trained 

and skilled technicians, proper tools, and machinery, with the result that repair and maintenance 

services are far from satisfactory (Verma and Singh 2006). Also, the Indian Agricultural 

Statistics Research Institute (IASRI), under the ICAR umbrella, released a study in 2006 related 

to the formulation of long-term mechanization strategies for the different agro-climatic zones of 

India. Under such a long-term mechanization strategy at the national level, IASRI indicated that 

fabrication of agricultural tools and machinery is often done by semiskilled workers and without 

proper tooling. This is more so in the case of making hand tools and animal-drawn equipment. 

The poor quality of agricultural equipment puts the users—farmers and custom operators—at a 

permanent disadvantage. As such, IASRI recommends that selected state agricultural 

universities, agricultural engineering institutes under ICAR, and the Industrial Training Institute 

should be supported to develop capabilities to offer intensive training to young technicians and 

artisans in the fabrication and manufacture of farm tools and machinery (IASRI 2006). This 

could be a priority in the development of strategies for agricultural mechanization alongside the 

development of economic acumen among producers, establishment and development of guild 

organizations, improving financial resources, and reducing human injuries as recommended by 

Bagheri and Moazzen (2009). 

Suitable and high-level mechanization exists in India compared with Southeast Asian countries 

due to many factors, especially these three major drivers: the pull factor of labor shortages in 

rural areas, the push factor from government promotion/subsidies, and the pull factor of creating 

awareness through educating youth and farmers as outlined in Figure 14 (Knowledgefaber 2013). 

 
Figure 14. Agriculture mechanization drivers in India (Knowledgefaber 2013) 

 

Testing of agricultural machinery 

Testing of agricultural machinery is not mandatory in India. However, loans from banks and 

subsidies provided by the government under various schemes depend on passing such tests, 

conducted to determine if a machine can effectively operate under Indian conditions. The 

following tests are performed (ITC 2010): 

 Commercial tests: For testing performance characteristics of machines that are in or ready 

for commercial production  
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 Confidential tests: For providing information to the manufacturers on the performance of 

their machines and any other data that may be required by them 

 OECD test: In accordance with the Organization for Economic Co-operation and 

Development (OECD)  

 Official test codes for agricultural and forestry tractors are followed exclusively for 

export purposes. The tractors must be regular commercial models. 

 Test under Central Motor Vehicles Rules, 1989: To check compliance with CMV rules 

and requirements. 

Indian case study: Custom hiring of agricultural machinery 

Custom hiring is a way to increase adoption of agricultural machinery that would not otherwise 

be affordable to smaller and relatively poor farmers. It was introduced in Indian agriculture in the 

early decades of the 19th century with a 30-inch diameter steam thresher; the machines were 

taken to about 10 places, working for 2–3 days at each place. Calls for sharing of the cost of 

machines by innovative institutional arrangements have been raised. In the recent past, custom 

hiring was seen as an appropriate institutional arrangement that can promote mechanization of 

agricultural operations on small farms. Organized custom hiring to promote multifarm use of 

machinery was done in the mid-1960s, when the Agro-Industries Corporation was established. 

Similar corporations in the 1970s to 1990s concentrated mainly on land development and tillage. 

Custom hiring of farm implements received a further boost in 1971 when the Government of 

India launched a scheme to set up agro-service centers around the country. Custom hiring 

services in a limited way were started in the 1990s under national schemes spread across India.  

However, these had limited success, because they were tried in small areas with very few staff. 

Recently, the National Initiative on Climate Resilient Agriculture has set up one custom hiring 

center in each of 100 climatically vulnerable villages across the country. Farmers, through 

village climate risk management committees, manage these custom hiring centers. One village in 

each of 100 districts was chosen based on a scientific analysis of climate-related problems, 

farmers’ experiences, and adaptation and mitigation strategies. The focus of the program is not 

only to demonstrate climate-resilient agricultural technologies but also to institutionalize 

mechanisms at the village level for continued adoption of such practices in a sustainable manner. 

The Central Research Institute for Dryland Agriculture took the responsibility for planning, 

coordination, and monitoring of the program at the national level. Eight zonal project 

directorates are involved in coordinating the project in their respective zones. 

The rates for hiring the machines/implements are decided by the committees themselves 

depending upon the socioeconomic conditions and cropping intensity of the village. Every 

farmer in a village can hire machines from the center; the modalities are decided by the 

committee members, and amended from time to time as per the local situation and needs. These 

committees also use the revenue generated for repair and maintenance of the implements, and 

any remaining amount goes into a revolving fund. Most required implements suiting each village 

are made available, including but not limited to land laser levelers, ferti-seed drills, direct sowing 

rice drills, power weeders, harvesters, threshers, power tillers, sprayers, rotavators for residue 

incorporation, raised bed planters, global positioning systems (GPSs), rain harvesters and water 

storage facilities, sprinklers, chaff cutting machines, bailer-cum-knotters, and weighing 

machines. The number and kind of farm implements vary among villages depending upon crops 
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grown, rainfall, soil type, and agroecosystem (Srinivasarao et al. 2013). Some of the benefits 

achieved through this custom hiring strategy are presented in Table 7. 

 

Table 7.  Achievements from implementing custom hiring strategies in India 
Problem Machine Involved/Solution 
Timely sowing operation Completion of timely sowing operation in short available sowing window 

under delayed onset of monsoon by direct seeders, etc. 
Crop residue burning Crop residue burning was reduced with the introduction of rotavators, 

chipper shredders, etc., and some part of crop residue was recycled back 

into the soil for improving soil organic carbon and soil health. 
Fodder problem Fodder problem in villages was addressed by chipper shredders coupled 

with fodder bank establishment. 
GPS-based soil sampling Geographic positioning system (GPS) enabled collection of GPS-based 

soil sampling in farmers’ fields for developing strategies.  
Energy and water saving Zero-tillage machines resulted in energy and water saving.  
Water shortage Rainwater harvesting through farm ponds and effective use of harvested 

rainwater through sprinkler systems improved water use efficiency and 

water productivity, particularly during intermittent droughts in rainy 

season.  
Greenhouse gas (GHG) 

emission 
Placement of fertilizers, particularly urea and diammonium phosphate, 

with seed-cum-fertilizer drills resulted in improved use efficiency of added 

fertilizers and directly reduced N2O emission. 
Crop damage Threshers enabled timely harvesting operations at less cost, helping to 

avoid crop damage in any weather abberation such as cyclone or frost. 
Grain quality Grain cleaners enable the postharvest management of grain quality, 

resulting in improved price of farm produce. 

Challenges and constraints for Indian mechanization  

Some of the challenges and constraints facing India regarding mechanization development, 

gleaned from literature reviews, are cited below. They may be useful to overcome such 

constraints in other countries’ planning. 

 

Small farms and location-specific farming systems 

While one of the top countries in agricultural production and relatively advanced in terms of 

farm mechanization, India remains behind the world average. Even though the adoption of farm 

mechanization is increasing there, mechanization is mostly region specific. Farm mechanization 

has a very low growth rate in regions with hilly and sloping lands. The decreasing trend in 

operational landholding (farm size) is also obstructing the growth of agricultural mechanization. 

The high costs of machines and maintenance, unavailability of appropriate agricultural machines 

and equipment that cater to the requirements of small-scale farms, non-availability of or 

difficulty in obtaining bank credit, and small landholdings are some factors that hinder farm 

mechanization and force farmers to follow the traditional ways of agricultural operations. The 

use of farm machinery is also dependent on infrastructure and services available in the rural 

areas.  Hence, there remains a significant opportunity for mechanization of agriculture. However, 

Indian agriculture requires farm machinery and equipment suited to the requirements of different 

regions, which have highly diverse farm size and soil types; and skewed and seasonal usage of 

machines results in low economic viability, which calls for innovative solutions for scaling up 

usage. 
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Unreliable agricultural mechanization data  

Agricultural mechanization data surveys have been conducted in most states, but the data are 

unreliable and unrealistic due to human errors in recording of technical details of machinery by 

nontechnical personnel. For collection of reliable data, enumeration of mechanization data 

should be done by technically competent personnel. District-wise computerized data banks may 

be set up to record all relevant data on production and sale of different types of agricultural 

machinery. Such information should be published annually for updating and for formulating 

future strategies as well for analyzing the impact of mechanization programs. 

 

Thailand  

Thailand is one of the world’s largest agricultural producers. Approximately 41% of the total 

land area (210,377 km²) is under cultivation. Rice is the largest and economically most important 

crop and serves as the staple food for the Thai people. Mechanization, encouraged by the 

government, plays an important role in agricultural production. Table 8 presents key 

mechanization indicators and information from Thailand. 

 

Table 8. Key mechanization indicators and information from Thailand (various sources) 

Key Mechanization Indicators Notes 

Average farm size (ha) Declined from 3.8 to 3.4 ha between 1978 and 

1993 
Thapa and Gaiha 

2011 

Mechanization index (hp/ha) 0.348 in 1968 , 0.79 in 1990  RNAM 1994 

Number of Machines being Used in Thailand and Yearly Local Production (NSO 2010) 
Machine Number in Use Locally Manufactured 

per year 
 

Tractors 
4WT 
2WT 

 
287,225 

2,644,982 

 
NA 

80,000 

 

 

 
Threshers 32,239 2,000  
Planters/seeders 

Manual 
 

332,471 

NA  

Engines 58,176 
Attached to 2WT 111,384 

Attached to 4WT 77,825 

Combine harvesters 41,143 600  
Rice mills 56,536 NA  
Water pump 

Engines 
 

1,615,692 

55, 000 (total)  

Electric motors 406,666 

Natural energy  13,158 

Sprayers (total)  3,087,035 60,000 (hand operated)  

 

2WT = two-wheel tractor, 4WT = four-wheel tractor, NA = not available. 
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Farm machinery market  

The Government of Thailand commenced the first National Economic and Social Development 

Plan in 1961. From the first to the third plans (1961–1976), the goals for increasing agricultural 

production were achieved primarily through increasing the area of land under cultivation.  

During the fourth and fifth plans (1977–1986), agricultural policies were modified with the aim 

of increasing production through development and adoption of appropriate technology to 

increase yields, and improving cropping systems and livestock production. In the sixth plan 

(1987–1991) a national agricultural mechanization policy was incorporated into broader 

agricultural sector development objectives to increase productivity. In accordance with these 

objectives, the activities involved were expected to achieve the following: (a) farmers will have 

machinery for their production at low cost, (b) agricultural machines must be of good quality and 

affordable in terms of price and maintenance cost, and (c) agricultural machines must be 

appropriate for use under various conditions in rural areas.  

Presently agricultural machinery is widely used among Thai farmers. Moreover, many local 

manufacturers have their own R&D departments, while other machinery suppliers import farm 

machinery from places such as the PRC, Japan, Korea, and Europe. Agricultural equipment 

produced locally and used in Thailand includes tractors, power tillers, disc ploughs, disk 

harrows, water pumps, sprayers, threshing machines, reapers, combine harvesters, cleaning 

equipment, dryers, rice milling machines, and processing equipment. Thai farmers have 

mechanized production primarily due to increasing scarcity of farm labor. However, needs for 

mechanized options differ from region to region. Sophisticated control-intensive machines such 

as combine harvesters, transplanters, seed planters, and power sprayers are in high demand by 

farmers in larger and highly intensive regions such as the Central Plains and the lower part of 

northern Thailand. At the same time, labor-intensive machines such as 2WTs, water pumps, and 

manually operated sprayers have expanded in the north and northeast.  

 

Farmers access agricultural machinery either through purchase or by hiring contract services. 

The ratio of machine ownership versus hiring contract services depends on the size, type, and 

price of the equipment. Most farmers own smaller and less expensive machines, such as 2WTs, 

water pumps, and chemical sprayers. However, for 4WTs and power threshers, only 6.4% and 

6% of the machines are owned by farmers, respectively. Some very small farmers who have 

smallholding areas or are in remote rural areas not only are unable to possess farm machinery but 

also rely on hiring services because of their small production.  

 

Except for major repairs, most agricultural machinery owners repair and maintain their machines 

by themselves. Sometimes they bring their units to a local repair or welding shop nearby. Spare 

parts are generally available from provincial or regional dealers or agents. However, in the 

remote areas, it is quite difficult to obtain spare parts. Farmers in more remote regions commonly 

modify or improvise parts locally if not available from dealers or agents. In Thailand, tractors, 

power tillers, and paddy threshers generally last up to 10 years; diesel engines, 7 years; power 

sprayers and irrigation pump sets, about 6 years.  

 

Important issues in Thailand 

Locally produced machines are generally manufactured by small manufacturers and often are not 

standardized in quality, efficiency, and durability. Therefore, Thailand is still dependent on 

imported agricultural machinery. Agricultural machinery imports in Thailand more than doubled 
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during the 4-year period from 2005 to 2009, with annual sales reaching US$462.7 million in 

2009.  That year, Japan and the PRC were the major suppliers, consisting of 85% of total imports 

as shown in Figure 15 (BAC 2011). 

 

Figure 15. Major  suppliers of farm machinery to Thailand, 2009 (BAC 2011) 

Vietnam 

Agricultural mechanization plays an extremely important role in the intensification of 

agricultural production to raise yields and improve the quality of harvested crops. The Ministry 

of Agriculture and Rural Development (MARD) is at the forefront of the mechanization 

program. Vietnam is also promoting the use of machinery in producing rice seeds. At the same 

time, most of the milling equipment in the country is at least 50 years old and is no longer as 

efficient as the new-generation equipment produced locally. Vietnam believes it can achieve 

70% mechanization in rice cultivation by 2015. The major crop is rice. The highest level of 

mechanization is in rice production, achieving 72% in land preparation, 86% in irrigation, 20% 

in crop establishment, and 100% in threshing (APCAEM 2009). Table 9 presents key 

mechanization indicators and information from Vietnam. 

Table 9. Key mechanization indicators and information from Vietnam (various sources) 

Key Mechanization Indicators  Notes 

Average farm size (ha) 0.2  Vu et al. 2012 

Mechanization index (hp/ha) 1.2 hp/ha PhilMech 2011 

Average Rate of Mechanization in Vietnam Rice and Agricultural Production Activities 
Rice production activities Mechanization Rate (%)  

 

 
Viet 2012 

Soil preparation for rice cultivation  72 
Soil preparation for upland crops  65 
Active irrigation for rice  85 
Transport in agriculture and rural 

areas  
66 

Rice drying in summer-autumn 

season in Mekong River Delta 

(MRD) 

38.7 

Rice harvesting in MRD  15 
Rice threshing  84  
Rice milling  95 
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Farm machinery and postharvest equipment market  

Key Vietnamese national R&D efforts led to mechanical transplanter models MC-6 and MC-8 

and comprehensive equipment for producing mat-type paddy seedlings; developments in rice-

care mechanization such as a pesticide sprayer with high capacity and heath protection; and 

development of threshers, windrow reapers, and combine harvesters GLH-1.5 and GLH-1.8 with 

various capacities, particularly for service providers in the Mekong River Delta, in order to 

reduce losses and lower threshing costs under conditions of lower labor availability. National 

institutes also developed components for seed processing lines with semi-automatic control 

systems, including technology and equipment at the industrial level, ensuring high germination 

rate and seed security (a model to improve postharvest technology, reduce losses, and ensure 

quality and food safety in producing rice seeds; being implemented by using the most advanced 

processing equipment systems for drying, sorting, cleaning, handling, quantifying, and 

packaging). These technologies have been transferred to many localities throughout the country. 

The percentage of seed produced and used by farmers within the country from processing lines 

increased from 0% in 1995 to 30% in 2008 (Viet 2012).  

Vietnam is trying to reduce its reliance on imported machines. MARD certifies agricultural 

machinery that can be promoted through national extension programs, often with subsidies. One 

precondition for certification is that the machine or equipment should be a Vietnamese product. 

In the case of laser leveling, for example, where the electronic control components are imported 

but the drag bucket and the hydraulic systems are locally produced, certification—and thus 

inclusion in national extension programs—was possible, but for hermetic storage systems, which 

are exclusively produced abroad, certification could not be achieved (IRRI process 

documentation). 

 

Important issues in Vietnam  

The country imports more than 60% of agricultural production machinery from the PRC. Many 

components used to produce machinery locally as ‖made-in-Vietnam machines‖ are also Chinese 

imports. For example, the three most important parts of a combine harvester are imported: 

second-hand engines from Japan and Korea, and gear boxes and chains from the PRC. The high 

reliance on Chinese imports is because local engine makers cannot produce many essential 

components for their engines cheaply enough and of high enough quality. Chinese businesses 

can produce components at a quarter of the local cost. Vietnam's businesses have manufactured 

approximately 40,000 diesel engines since 2007, accounting for about 30% of the market. 

 

An average Vietnamese combine manufacturing workshop can produce 20 combine harvesters a 

year. In contrast, buyers can place big orders for an unlimited number of Chinese machines and 

get delivery within several days. The Chinese agricultural machines are also highly competitive 

because of their low prices. Chinese farm machines are 30% cheaper than Vietnamese ones. This 

led to many farmers initially buying Chinese combines. They ran into problems quickly, though, 

because most of the machines broke down within the first harvest season, and spare parts were 

either not available or not standardized, meaning they did not fit. Farmers then shifted to the 

more expensive Vietnamese combines, some of which were of better quality and could be 

serviced and repaired more easily. Kubota entered the market in 2009, and by 2013 most new 

machines sold were Kubotas. As a result the number of local manufacturers decreased from 15 in 
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the first decade of the 21
st
 century to 2 in 2013 (IRRI process documentation, see case study on 

combine harvesting in paper by Gummert et al., this volume). 

 

The weakness of supporting industries is the main reason for the lack of competitiveness of 

many Vietnam-made agricultural machines in the home market. Locally made content in such 

machines is only 10%–12%. Vietnam still has to import many accessories for making machines. 

This explains why the production cost of domestically made products is always higher than 

products from the PRC and India.  

 

Taiwan 

Taiwan started a 10-year mechanization program in 1960 with the introduction of power tillers. 

Additional measures such as promoting field mechanization, postharvest rice drying 

mechanization, agriculture automation, and precision agriculture were introduced during the past 

30 years. Taiwan has become highly mechanized in farm production. The local small and 

medium-sized farm machinery industrial subsector is characterized by high reliability but low 

sales volume. Although government policies fulfill domestic needs for producing farm 

machinery, the local agricultural machinery industry is disadvantageously facing global 

competition in the new millennium (Lu 2005). 

 

The scope of research and manufacturing in agricultural machinery has expanded from field 

machinery to pollution control, aquaculture, and bio-industrial machinery. Geographical 

information system and GPS applications have opened a frontier for automatic machinery used 

in precision agriculture (Lu 2000). The rapid development of information technologies has 

enabled farmers to apply remote monitoring, wireless sensor networks, and information and 

communication technologies. This has enabled them to improve their cultivation and 

management skills, thereby upgrading Taiwan’s agricultural technology.  

 

In Taiwan, the development of rice machinery started in the 1950s and reached a peak in the 

1980s. A key milestone was the establishment of the Rice Seedling Nursery Center, which 

contributed indirectly to the Taiwanese custom of hiring out rice machinery and to the full 

mechanization of rice cultivation. In the mid-1980s, the system of rice drying service centers was 

established, based on the direct purchase of wet rice. The dryer manufacturers in Taiwan use 

high technology and have the capability to produce competitive products. New products with rice 

husk burners are also becoming popular, as the price of oil is going up. 

 

Rice nursery centers 

The seedling nursery is a preliminary procedure for both hand and machine transplanting. 

Standard nursery procedure is a must for successful machine transplanting. The nursery 

operations include seed selection, germination, tray accommodation, sowing mechanism, and 

seedling hardening (seedlings are exposed to wind, sun, and rain before transferring them to the 

soil). A rice nursery center (RNC), consisting basically of a working area and hardening fields, is 

a factory that houses the necessary operations in a time sequence. An average RNC can supply 

seedlings for about 200 ha. Fully automatic seedling lines equipped to connect the flow of trays 

and tray-unloading machines working on a transporting gantry have been developed to help 

arrange the trays in the field for the seedlings to be hardened. The hardened seedlings in trays 

can also be automatically retrieved via the same system. These trays are laid down on the 
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acclimatization fields for hardening and future growing (Chiu et al. 1998). There are currently 

more than 600 RNCs providing seedlings to farmers. Seedlings are germinated in the winter 

season for the first crop and in the summer season for the second crop. Because the operation of 

the RNC is seasonal, a careful schedule must be followed. Overripe or unripe seedlings will 

reduce the quantity and quality of grain at harvest. 

 

Custom services mobility 

Many custom services, usually mobile, own not only tractors for land preparation, but also rice 

transplanters and rice combines. During harvest season, they travel from south to north, from 

county to county, and work day and night to maximize machine usage. They arrange service 

deals through telephone calls and deliver their services according to a prearranged schedule. If 

they can harvest 100 ha/year, for both crops, their annual earnings are enough to pay back their 

loans completely. 

 

Automation system and information in agriculture 

Automation techniques have been applied in Taiwan to agricultural work. They are a 

combination of computer-controlled means and mechanization through an optimizing process. 

To accelerate the pace of modernization in agriculture and cut down on farm labor, the 

government has initiated many automation programs for agricultural production. Automation in 

agricultural production includes pesticide spraying, postharvest processing, seedling production 

system, greenhouse cultivation, gantry loading, and handling systems for rice seedlings. Plant 

factory systems might be the final form to combine some of the above-mentioned features and 

create an integrated system. Besides being hardware-wise, farming operations can also be 

incorporated with information techniques. The e-farmer is another concept to promote the sale of 

farm products on the Internet. Many platforms are available for networking to sell high-quality 

products such as packed rice, processed food, and fish goods. It is becoming another channel to 

share product information (Fon 2005). 

 

Conclusions 
Mechanization in rice farming was and will remain a common concern within individual 
countries, within a geographic region, and across countries. Even with the variations in 
situations and conditions, and the differences in objectives and procedures in each 
nation, lessons derived from others can guide and strengthen implementation of a 
suitable agricultural mechanization system in the Philippines. Along with what has been 
mentioned earlier about case studies and information from different countries, important 
lessons and experiences from the literature can be summarized as follows: 
 
Many lessons learned and experiences from Japan may be good references or benchmarks 
for policy makers in developing countries: 
 

a) Interactions of public-private partnerships and collective initiatives are considered 
crucial to agricultural innovation and diffusion, and should be facilitated in a way 
that supports better mechanization options within the country. 

b) Economic growth is the key factor that contributed to the growth of paddy farm 
mechanization in Japan, as farmers became affluent and were able to buy their 



TS F1 Author Version No No.                                                                  Asia Rice Foundation 
Cg-Ch. 

41 

 

A
R

F.
 H

eg
az

y 
et

 a
l. 

own machinery to save on labor costs. In addition, as typical Japanese farmers 
became older, and because younger generations preferred jobs in cities and 
factories, the use of sophisticated machinery became a necessity in farming for 
ease of operations and reduced drudgery. 

c) The mechanization of other crops (e.g., vegetables) was based essentially on 
approaches made for mechanizing rice production such that most machinery for 
other crops on the farm is based on designs originally made for rice. 

d) Land consolidation projects and government loans greatly promoted 
mechanization. They also resulted in a negative effect—overinvestment—but 
contributed greatly to the formation of net income. However, other Japanese 
efforts as in an irrigation-drainage project contributed more to an increase in 
consumption and saving levels, rather than to an increase in agricultural 
investment or mechanization.  

 
The Korean case is another good reference for developing countries, particularly in rice-
growing regions in Asia or newly industrializing countries that wish to pursue better 
agricultural mechanization in the future. Some of lessons learned from Korea are as 
follows: 
 

a) R&D was strengthened in Korea to develop and improve agricultural machinery to 
suit Korean farming conditions, and to promote localization by conducting 
adaptability testing of agricultural machinery and selection of suitable machinery 
for Korean farming conditions. At the same time, research on using mechanized 
technology options was strengthened to seek efficient and safe use of the 
machinery. This supports R&D of locally suitable machines to boost the 
mechanization of the country’s agriculture. 

b) The sales network for agricultural machinery is distributed all over the country, 
allowing farmers to purchase equipment easily. These networks also carry out 
after-sales service such as repair and parts supply.  

c) The same trend of economic growth observed in Japan was observed in the case of 
Korea. As farmers became affluent, adoption and sales of farm machinery followed. 
Since Korea, and also Taiwan, have similar paddy conditions as Japan, farm 
mechanization trends in these places essentially followed those of Japan. The 
designs of rice transplanters, power tillers, as well as combine harvesters and rice 
mills thus have many similarities in these three locations. 

 
Also, many lessons from the PRC’s mechanization system and from India could be useful 
in formulating the Philippines’ agricultural mechanization strategy, among them: 
 

a) Hosting international farm machinery exhibitions led to attracting foreign 
machinery companies and created interest among local firms and technical circles, 
beside awareness of mechanization in government bodies. 
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b) In the PRC, the system of governance may have its shortcomings, but it invoked 
enthusiasm when the decision to open the economy prevailed, and the population 
responded heartily to the market-oriented approach. The difference is that the 
experience of the Cultural Revolution was a prerequisite leading to the success of 
mechanization; other developing countries have not gone through this path, and 
most of them have long had an open market economy. 

c) Rice mechanization using sophisticated machinery occurred later in the PRC than 
in Japan and Korea. Many designs available in the PRC can be traced to earlier 
developments made in Japan and Korea, such as rice transplanters, combines, 
power tillers, etc. However, as paddy conditions in the PRC are more varied, many 
local innovations can be found in different regions; for example, machinery in the 
north is a lot bigger than in the south. Again, the main factor in the adoption of 
rice mechanization may have been the tremendous economic growth in certain 
regions, which provided the impetus for the sale and use of farm machinery. 

d) There was simultaneity and synchronization in mechanization activities in India, 
e.g., at the time of popularizing tractors and threshers to make them affordable to 
more farmers, there was significant expansion in grain bulk storage facilities. 

e) Growth in one mechanization sector makes supporting industries follow. For 
example, the increasing tractor population in India has resulted in corresponding 
growth in implement manufacturing, particularly of rotavators, disc harrows, seed 
drills, potato diggers, etc. 

f) Custom hiring of agricultural machines is being practiced successfully through 
cooperative societies. Private contractors also provide contract services. The 
successful model of custom hiring centers in India can be replicated in wide areas 
in the Philippines. 

g) The general approach worldwide is to discourage subsidies, but in India subsidies 
have been justified on grounds of efficiency, economic benefit, or equity in 
agricultural mechanization technology. Questions remain, though, about the 
sustainability of technologies based on subsidies, in particular when subsidy 
schemes are terminated. 

There are many more lessons and successful stories from around the world that cannot be 

covered in one paper. It is also important to consider developmental issues in rice 

mechanization. Different rice technology transfer strategies have been tried in the 

Philippines, e.g., information management, training and extension, supporting agents and 

manufacturers, focused R&D, government policies, credit facilities, and many plans to 

insure a better transition and implementation of a highly standardized agricultural 

mechanization strategy. It is clear that the Philippines needs to continue towards a higher 

level of mechanization in rice farming. 
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