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Executive Summary

Home to more than 64 percent of the world’s undernourished people, the Asia-Pacific region is
threatened by lingering food insecurity and thus is in urgent need of increasing food production. In
recent years, the promotion of farm mechanization, which has proven to be an effective way to
increase agricultural productivity, has exerted revolutionary impact on the agricultural sector of
this region. However, the region is still characterized by huge technological gaps and varying
levels of mechanization. Meanwhile, the application of agricultural machinery has caused
environmental concerns due to high energy consumption and posed safety hazards as a result of
substandard machines and lack of training.

Aiming at the analyzing the contributing factors and providing practical strategies to address the
above-mentioned issues, the study reviews the economic, social and agricultural development,
especially the development of agricultural mechanization in Asia by conducting studies on
challenges and prospects of agricultural mechanization in six selected Asian countries. It also
explores the feasibility of establishing an “Asia Pacific Network for Testing Agricultural
Machinery” (ANTAM), which was proposed at the Roundtable Forum for the Regional
Agricultural Machinery Manufacturers/Distributors Associations held in Seoul, Korea in
November 2006.

The study points out that traditional agricultural techniques and cultivation practices have changed
significantly with breakthroughs of science and technology. It analyzes a host of factors that affect
agricultural mechanization of the region, including overall level of economic development,
migration of rural labor, land utilization, agricultural production, food demand, agricultural
machinery industry, trade and manufacturing capacity and testing. The study examines the
interactions among agricultural mechanization, food production and agricultural development of
the region.

Six countries were chosen for case studies, namely Bangladesh, China, India, Republic of Korea,
Thailand and the Philippines, representing different stages of agricultural mechanization. Through
visits and talks with policy makers, researchers and the private sector in the six countries, and
thorough review of country reports prepared by representatives to the Technical Committee of
UNAPCAEM, the authors have collected extensive data and information on agricultural
mechanization, and conducted thorough analysis. The study identifies the main characteristics of
agricultural mechanization of each country, and assesses their respective needs in agricultural
mechanization.

The feasibility study on the establishment of “ANTAM” is an important part of this report.
“ANTAM?” is proposed with an aim to promote introduction of uniform testing procedures and
safety standards of agricultural machinery, and facilitate intraregional trade. Based on the selected
country case studies, the study extrapolates the general characteristics of agriculture
mechanization in the region, assesses the overall level of agricultural mechanization, and identifies
major constraints to agricultural mechanization. According to the study, while there exists strong
demand for agricultural mechanization in the region, there are undeniable imbalances that impede
the development of such a network, including huge gaps in economic development,
underdeveloped agricultural infrastructure, insufficient purchasing power of farmers, and
significantly different level of agricultural machinery industry. The study groups countries in the
region into three categories according to their levels of agricultural mechanization, and points out
the common constraints they are facing, i.e. fragmented lands, diverse machinery types and
facilities, poor utilization rate and higher fuel consumption and lack of knowledge and skill of
users, artisans and traders. The authors also provide the overall situation of testing and
certification of farm machinery in this region, and draw a comparison with the European Network
for Testing Agricultural Machines (ENTAM). While ENTAM might be a useful model to
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assimilate for Asia, the authors argue that there are a host of constraints including financial,
administrative and stakeholders that need to addressed first.

The authors believe that agricultural mechanization will play an irreplaceable role in increasing
agricultural production in the Asia-Pacific region by upgrading traditional agriculture, achieving
high and stable yield, and improving the quality and value-added of agricultural products. At the
same time, efforts need to be made to address safety and environmental issues associated with
agricultural mechanization in the course of development.
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Chapter 1

REGIONAL OUTLOOK

1.1 Social and economic development in Asia and the Pacific

Asia and the Pacific is a huge and diverse region with countries varying greatly in size and level of
development: it has three of the world’s most populous countries, emerging economies that have
become the engine of global growth, many Pacific Island states, and a few of the world’s poorest
countries. While the Asia-Pacific region is commended for its impressive gains in social and
economic development, it faces remarkably uneven progress across the region towards the
attainment of the Millennium Development Goals. Since 2007 it has faced a series of challenges,
such as the food-fuel crisis, climate change and the global financial crisis, offsetting its efforts
towards inclusive and sustainable economic and social development.

Across the region, rapid economic growth has contributed to the improvement of living standards.
Between 1990 and 2004, more than 350 million people escaped from poverty (ESCAP, 2009).
However, more than 60 percent of the world’s undernourished population still lives in Asia and the
Pacific, according to the ESCAP theme study on Sustainable Agriculture and Food Security
published in 2009.

As the first global economic contraction in modern times hit Asia and the Pacific in late 2008,
economic growth among developing economies of the region decelerated sharply from a pre-crisis
level of 9.1 per cent in 2007 to 4.0 per cent in 2009. That the growth rate remained positive was
due to continuing rapid growth in China (8.7 per cent) and India (7.2 per cent). However, if
those two powerhouses are excluded, growth of developing economies in the rest of the region
contracted to 0.6 per cent, much the same as in the rest of the world (ESCAP Social and Economic
Survey, 2010).

Thanks to the stimulus package unleashed by governments across the world, the world has entered
a slow recovery period in a post financial crisis era. Strong support from expansionary policies has
also helped Asian and Pacific economies to reverse their declines, and a notable recovery is
expected in 2010. For the developing economies of the region, GDP is expected to grow by 7.0
per cent in 2010, following an estimated growth of 4.0 per cent of the previous year (ESCAP
Social and Economic Survey, 2010).

In Asia and the Pacific the majority of poor people lives in the rural areas and derive most of their
income from agriculture — so are likely to benefit from agricultural growth. Since the 1970s such
growth was based largely on the Green Revolution which helped the region achieve significant
yield increases — though the high input intensity also caused well documented problems. Now,
as the region aims for more balanced economic growth, it needs a second, more
knowledge-intensive green revolution that combines advances in science and agricultural
engineering with the region’s unique traditional knowledge to make agriculture more
environmentally resilient (ESCAP Social and Economic Survey, 2010).

1.2 Agricultural development — World at a glance

So far, world agriculture has been able to respond to the rising demand for crop and livestock
products. Although the world’s population doubled between 1960 and 2000 and levels of
nutrition improved markedly, the prices of rice, wheat and maize — the world’s major food staples
— fell by around 60 per cent. The fall in prices indicates that, globally, supplies not only kept
pace with demand but even outstripped it.

Globally, producers have satisfied effective market demand in the past, and there is every
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likelihood that they will continue to do so. But effective demand does not represent the total
need for food and other agricultural products, because hundreds of millions of people lack the
money to buy what they need or the resources to produce it themselves. Thus, even if there is
sufficient potential for production in the world as a whole, there will still be problems of food
security at the household or national level. In urban areas, food insecurity usually reflects low
incomes, but in poor rural areas it is often inseparable from problems affecting food production.
In many areas of the developing world, the majority of people still depend on local agriculture for
food and/or livelihoods but the potential of local resources to support further increases in
production is very limited, at least under existing technological conditions. In such areas
agriculture must be developed through support for agricultural research and extension and the
provision of credit and infrastructure, while other income-earning opportunities are created. If
this is not done, local food insecurity will remain widespread, even in the midst of global plenty
(http://www.fao.org/docrep/004/y3557e/y3557e04.htm).

Agriculture has changed significantly with advances in science and technology. Traditional
agriculture was mostly dependent on human labor and draught animals. Modern agricultural
practices are mainly based on machines especially high-speed, powerful tractors and its
implements. Tractors with mounted and trailed implements allow the mechanization of many
agricultural operations. Agricultural mechanization has not only changed the characteristics of
labor in agriculture but also influenced the workload. The timeliness of operation and increased
capacity of production resulted in the need for higher speeds, bigger and heavier machines.
During the operation of these machines by human beings, the load on the operator as well as
occupational and health hazards are found to be increased, which lead to impair the performance
of the operator. In farm works, the fatigue and discomfort to which workers are subjected are not
only due to the physical labor but to vibration and noise as well (Huang & Suggs, 1967).

Since ancient times agriculture is the main occupation of Asian region and still the trend is
continuing. In last century, enormous population growth, urbanization and industrialization led
not only to a dwindling supply of arable land per capita but drastic reduction in the forest land as
well. Figure 1.1 shows the recent land utilization of the total available land in the world. Because
of its size and its population Asia is near top producer in every major crop (rice, barley, wheat,
maize, sorghum, potatoes and sweet potato). Other continents have high production in their own
traditional / cultural niches or due to favorable climate (both are often linked) like wheat, barley
and potatoes in Europe, maize in the Americas, and sorghum in Africa.
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Figure 1.1: Available land utilization in the world (Source: www.fao.org)
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The increasing demand for food and fiber by growing population necessitates increased
productivity, which in most cases will render into the use of high inputs and mechanical power.

1.2.1. Agricultural economics

Countries in the Asia-Pacific region are traditional agricultural countries. Agriculture plays an
important role in their national economy. In the past decades, with increased industrialization,
the economic structure of this region has been dramatically changed. Other sectors of the
economy have become big contributors to the economy rather than agriculture.

The contribution to GDP by agriculture and the agriculture population as a percentage of the total
in these countries can be found in Table 1.1 and Figure 1.2 respectively. In South Korea,
contribution to GDP by agriculture is less than 5 per cent, so agriculture is no longer the most
important sector for the economic growth. In India, Sri Lanka, Indonesia, Philippines, Thailand,
Mongolia, Malaysia and China, agriculture contributes less than 20 per cent of their GDPs, but the
agriculture population (as percentage of the total) in these countries is still 40-90 per cent. Only
in South Korea and Malaysia is the agricultural populations less than 10 per cent.

Therefore, while agriculture has lost its dominant role as the major contributor to the economy, it

is still very much a dominant sector in most Asian and Pacific countries because a large number of
people are still employed by the agricultural sector.

Table 1.1 Contribution to GDP by agriculture in Asian and Pacific countries (%)

Agriculture, value added (% of GDP)
2000 2005 2007 2008

Burma 57 . .

Laos 53 46 40 .
Nepal 41 36 34 34
Cambodia 38 32 32

Mongolia 33 25 23 y
Pakistan 26 21 21 20
Bangladesh 26 20 19 19
Vietnam 25 21 20 .
India 23 19 18 18
Sri Lanka 20 12 12 13
Fiji 17 15 . .
Indonesia 16 13 14 14
Philippines 16 14 14 15
China 15 13 11 11
Thailand 9 11 12

South Korea 5 3 3 3
Malaysia 1 8 10

(World Bank 2009)
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Figure 1.2: Agriculture population as percentage of total (%) in 2008
(World Bank 2009)

1.2.2 Agricultural production in Asia and the Pacific
1) Main crops

In North East Asia, Mongolia’s main agriculture is raising livestock and growing some silage
crops. Over 75 per cent of the rural population are engaged in extensive livestock production.
South Korea’s major crops are rice, soybean, fruits and vegetables. China’s main crops are
wheat, rice, maize, soybean, cotton, silage, rape, sugarcane, vegetables and fruits. In South-East
Asia, main crops are rice, maize, soybean, cotton, sugarcane, fruits and vegetables. Among all
the crops, rice is the number one crop in the Asia and Pacific region.

2) Commercialization of agricultural products

In Asia and the Pacific, agriculture is not an isolated sector. Grain production does not only
contribute to domestic consumption but also plays significant role in export earnings. For
example, India ranks the second in the world in farm produce and Thailand the 5th in rice
production in the world. The selected products exported and imported by Asia-Pacific
developing countries are shown in Table1.2
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Table 1.2: Products exported and imported by Asian and Pacific developing countries

Exporters Importers
Viet Nam ' Philippines, Malaysia
Pakistan Islamic Republic of Iran
Rice 1
India Saudi Arabia
Thailand China; Hong Kong, China; Malaysia; Singapore
Maize China Republic of Korea, Malaysia
Frozen beef India Malaysia, Philippines
Frozen pork China Hong Kong, China; Singapore
Bananas Philippines Republic of Korea, China
Apples China 1ndones_.|a_ Thailand, Singapore, Philippines, Hong Kong, China;
Malaysia
Black fermented tea Sri Lanka Islamic Republic of Iran; Pakistan; Hong Kong. China
Indonesia India, Malaysia
Crude palm ol T
Malaysia India, Pakistan, China
Palm ail and its Indonesia China, Pakistan, India
fractions Malaysia China, Pakistan, Turkey
Cocoa beans Indonesia Malaysia, Singapore, China

Source: Stevens, C., J. Kennan and M. Meyn (2007). “South-South Trade in Special Products”, ICSTD Issue Paper No. 8,
June 2007.

(Stevens,C,J.Kennan and M.Meyn 2007)

1.3 Agricultural mechanization in Asia and the Pacific
1.3.1 Region at a glance

While there is need for countries in the region to substitute traditional agricultural practices with
mechanized production techniques, there is also a vast difference in the level of agricultural
mechanization among the Asia-Pacific countries. China and India have significant development
in adopting farm mechanization. South-East Asian countries like Cambodia, Thailand and
Vietnam are adopting advanced machinery in farm operations. But in most countries,
agricultural mechanization is still in the developing stage. In these countries farmers still use
inefficient manual tools which resulted in low production. For instance, in Bangladesh and
Nepal, the land size is small, which has prevented farmers to adopt large machinery. Lack of
appropriate machinery to conduct various farming operations has left farmers with no choice but
to continue with traditional farming techniques.

Due to increase in population the demand for food and fiber is likely to increase. At the same
time the percentage of total economically active population (Figure 1.3) and the total labor force
involved in agricultural activities are getting smaller every year (Figure 1.4). The following data
are from Bangladesh, India and South Korea to exemplify the above statement, due to large
differences in agricultural development. India and Bangladesh are chosen to represent countries
with high percentage of population involved in agriculture and South Korea as a low percentage of
population involved in agriculture. Unpredictable agricultural conditions, use of traditional
methods and lack of modern facilities are some of the causes for the decline of agricultural
employment. This indicates that there probably is a great need of agricultural mechanization to
produce enough food to fulfill the country’s requirement.
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Figure 1.4: Agricultural labor force as a percent of total labor force (Earth Trends)

Agricultural labor intensity is the number of agricultural workers per hectare of arable and
permanent cropland. In the year 2003, agricultural labor intensity in India and Republic of Korea
was just 1.61 and 1.11 while, in Bangladesh it was 4.69 (Figure 1.5). These figures clearly point
out the essential need of mechanization in India and Republic of Korea.
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Figure 1.5: Agricultural labor intensity in selected Asian countries in 2003 (Earth Trends)

Agriculture has to grow at 4 per cent for India to maintain a sustainable annual GDP growth of
about 8 to 9 per cent. The country is facing unprecedented degradation of land and groundwater
resources due to increasing urbanization and industrialization with growing population. The
agricultural productivity of India has to be almost double to meet the food and fiber needs of
growing population by 2050 (Ali, 2007).

In spite of being a large importer of agricultural products, Republic of Korea strives to achieve self
sufficiency in rice, horticultural products and livestock production (USDA, 2010). So, it is
necessary to adopt intense mechanized farming to achieve the self-sufficiency in basic food
demand with reducing agricultural labor force and agricultural land of the country.

In case of Bangladesh, the agricultural labor intensity (4.69 in the year 2003) is reasonable even
though to achieve the required food sufficiency for growing population in recent years. It is
predicted that for Bangladesh, there is urgent need to produce additional 5 Million tons of food
from the continuously decreasing agricultural lands to fulfill the food demand until the year 2015.

For all these reasons, mechanization of agricultural activities is inevitable for Asian countries. In
early 1950’s, many Asian countries started farm mechanization by using tractors to increase
productivity. In last few years, the growth of mechanization has accelerated. Tractor intensity is
measured by the number of tractors per thousand hectares of arable land. Though the tractor
intensity in Asia differs from country to country, all countries have experienced an increase in
tractor intensity. This section gives main focus on the extent of mechanization in the selected
Asian countries.

1.3.2 Impact of agricultural mechanization on regional economy

Following the accelerated process of industrialization, urbanization and modernization, agriculture
lagged behind the industry. The gap in economic and social development between urban and
rural areas becomes increasingly obvious. For example, although the net farmer’s income
growth rate in China was the highest in the period 1985-2007, the gap in economic and social
development between urban and rural areas in 2007, was still the biggest of the past 30 years (in
1978-2.6:1, 1984-1.8:1, 2005-3.28:1, 2007-3.33:1). (China country report, 2008).

Due to the differences in living conditions between urban and rural areas, farmers are leaving the

land to look for job in cities. Machines become a necessary alternative. This trend will not reverse
even if under the pressure of the financial crisis.
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Although, most countries in this region have abundant overall labor force in agriculture,
non-availability of manpower during peak crop season is a growing problem. Nepal, for example,
is a developing agricultural country with poor infrastructure (road, electricity, market,
communication etc.). Agriculture provides 71.3% of total employment in 2003/04. Because of
the unavailability of employment opportunities in secondary and tertiary industries, the majority
of farmers in the country are forced into subsistence agriculture. Moreover, due to low
investment capacity and lack of infrastructure and market opportunities, the majority of farmers
are continuing traditional technology in their production system. Its rural youths migrate abroad
and to nearby cities in search of jobs, which causes insufficient agricultural labor in peak
agricultural season (Nepal country report, 2009).

1.3.3 Impact of agricultural mechanization on agriculture

In the Asia-Pacific region, the promotion of agricultural mechanization has brought about a rapid
change in the agricultural sector. Many small and medium sized agricultural machines have been
produced and are widely used in the region.

Agricultural mechanization plays an increasingly important role in agricultural production in the
Asia-Pacific region. It reduces drudgery, increases the safety and comfort of the working
environment; it enhances productivity, cropping intensity and production. It increases income for
agricultural workers and then improves social equality and overall living standards. If properly
used, it also conserves and properly utilizes natural resources and reduces the cost of production.
It allows for timelier farm operations, effectively deals with climate change, produces better
quality agricultural commodities, etc.

It is necessary, therefore, to use modern equipment in agriculture and to use modern science and
technology to re-invent agriculture. The region needs, inevitably, to accelerate the development of
agricultural mechanization.

1.3.4 Overview of agricultural machinery manufacturing in this region

1.3.4.1 Agriculture machinery industry

Asia has become a big player in agricultural machinery manufacture. According to FAO, 30.48
per cent of the tractors sold worldwide in 2004 were produced in Asia, with India topping the list.
Indian-made tractors were supplied to as much as one third of all farm tractors in the world with
0.31 million units (2006-2007), 0.35 million (2007-2008) and 0.30 million (2008-2009). There
are 13 tractor manufacturers and many other manufacturers producing diesel engines and
agricultural tools as well. The total power availability of this country to farm lands increased
from 0.295kw/ha in 1991 to 1.231kw/ha in 2001, with an annual increase of 41.7 per cent. China
ranked second in this regard. This development momentum is expected to accrue even more
growth potential in the future.

Agricultural machinery in Asia and the Pacific is characterized by diverse types, testing standards
and facilities as a result of huge difference in topography, scale of farming and different levels of
economic development across the region. In some Asian developing countries, local
manufacturers are still in the “cut and weld” level of manufacturing technology.

In Bangladesh, due importance was not given to farm mechanization until the beginning of this
century, and only a few manufacturers were established to fabricate simple, manually-operated
machinery like weeders, threshers, winnowers, etc. With the growing needs for food, the
decision-makers realized that Bangladesh agriculture will have no other alternative than to adopt
mechanized cultivation to feed her ever growing population. This helped the growth of some
agricultural manufacturing workshops in the country. Presently, more than 40,000 small and
medium-sized local metal working workshops have grown up to manufacture agricultural
machinery all over the country (Farouq et al., 2007). Many small workshops are manufacturing
sub-standard machinery creating adverse impact among the farmers. These small workshop
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owners, in general, do not use jigs and fixtures and produce different standard machines. They
get the prototype from the designers / researchers and multiply them. While copying these
machines, they do not use exact quality materials and specifications thus producing low quality
machines. This kind of situation, unfortunately, not only happened in Bangladesh, but also in
some other countries in this region.

Another problem in this region is that the implementation of farm machinery standards remains on
a voluntary basis. Low or substandard machines continue to be peddled in the market while some
machines are not suitable to the farming conditions of the users. At the same time, farm machines
are beyond the reach of most farmers owing to high acquisition and maintenance costs.

1.3.4.2 Agriculture machinery safety

Agriculture is one of the most hazardous occupations in the world. In several Asia-Pacific
countries, the fatal accident rate in agriculture is double the average for all other industries.
Agricultural machinery safety needs to be valued across the region. Region-wide safety standards
and guidelines on the production and operation of agricultural machines are imperative.

1.3.4.3 Agricultural machinery and environmental sustainability

Agricultural machinery has to minimize negative effects on the environment for long term
sustainable agricultural development. Energy efficient machinery contributes to environmental
protection and is cost-effective. Most of the agricultural machinery in the region, unfortunately,
is energy-intensive. To effectively promote the application of energy-efficient and safe
agricultural machinery requires concerted efforts across the region to adopt a holistic approach,
from capacity building through transfer agri-technology to training of operators and mechanics,
from experience-sharing and needs assessment study to development of common testing
procedures and safety standards.

1.3.5 Summary

Mechanization has had a revolutionary impact on the development of agriculture and the
improvement of farmer’s livelihood in the Asia-Pacific region. At the same time, there is a huge
gap in the mechanization of agriculture due to different levels of development, lack of technology
transfer and various testing standards and procedures. Promoting agricultural mechanization and
enhancing its safety standards are key to the development of sustainable agriculture, a challenge
that most developing countries in the region need to address. This report reviewed countries in
the region including India, Bangladesh, the Republic of Korea, China, Philippines and Thailand,
presenting different levels of agricultural mechanization from advanced to medium and low level,
to assess the current status of agriculture and agricultural mechanization. The feasibility study
on the proposed establishment of the Asian Pacific Network for Testing Agriculture Machinery
(ANTAM), and country demand analysis and policy recommendations on how to establish an
effective regional mechanism to promote the application of agriculture machinery, priority areas
for capacity building through technology transfer and cooperation are the highlights of this study.
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Chapter 11

COUNTRY CASE STUDY

This chapter includes major findings from the authors’ field visits to six countries in Asia,
supplemented with other related information from secondary sources. These six countries are
Bangladesh, China, India, Republic of Korea, Philippines and Thailand.

A) BANGLADESH

1. General overview of agriculture

Agriculture remains the most important sector of the Bangladeshi economy, contributing 23.5 per
cent to the national GDP and providing employment for 63 per cent of the population. The crop
sector only contributes about 13.44 per cent to the national GDP. Approximately 82 per cent of
the country's population lives in rural areas, virtually all of them making their living exclusively or
substantially from agriculture. The agriculture production rate has been relatively steadier
compared to the rapid growth in population of Bangladesh. Bangladesh is still importing an
average of 2.0 million tons of food grains each year to meet minimum subsistence needs of the
population.

Agriculture holdings in Bangladesh are generally small. As a result of the adoption of developed
agricultural farming techniques with efficient use and saving of water through irrigation and crop
protection, the gross production of agricultural commodities increased from approximately
US$6.0 billion to US$15.0 billion from 1971 through 2007. Figure 2.1 and Figure 2.2 show gross
and net total production in the country’s agriculture sector.
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Figure 2.1: Gross production expressed as 1000 USD, Bangladesh (FAOSTAT)
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Figure 2.2: Net production expressed as 1000 USD, Bangladesh (FAOSTAT)

Agriculture is heavily dependent on the climate and associated weather patterns as well as natural
factors and human and mechanized efforts. Major demand for food is fulfilled through the
production and consumption of cereals like rice, wheat, vegetable crops, fruit crops, and food
grain crops. Among these commodities, cereals contribute more to the national GDP with the
production, consumption and export of the rice. Gross and net production of livestock and non-
food products increased but at a very small rate ranging from US$1.0 billion to approximately
US$2.0 billion.

Agriculture contributes about 20 per cent of the country’s GDP, and the GDP of the agricultural
sector is less than that in the industrial and services sectors because of increased demand for
opportunities in non-agriculture activities. In addition income from the industrial sector is greater
than agriculture with less human effort. Regardless, agriculture is still a major contributor to the
country’s GDP because processing and agricultural machinery industries are contributing to the
GDP through industry and services. Therefore, agriculture is expected to remain as a base
contributor to the country’s GDP. Figure 2.3 and Figure 2.4 show shares of various sectors in
Bangladesh’s GDP.

Allocation of GDP by sector in Bangladesh in 2006

mAgriculture (19.6%:)
Bindustry (27 9%)
mServices (92.9%)

Figure 2.3: Allocation of GDP by sector in Bangladesh in 2006 (Earth Trends, 2009)
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Figure 2.4: Share of different sectors in Bangladesh’s GDP growth (Earth Trends, 2009)

Table 2.1 and Figure 2.5 show the annual production of the top twenty agricultural commodities in
terms of value and tons in 2007 with rice as a major crop of Bangladesh with a value of US$7.98
billion. Fortunately, climatic conditions in Bangladesh are suitable for the growth and production
of potato, which requires relatively mild temperatures during early growth stages and cool weather
during tuber development. Therefore, potato ranks second in the production with a value of
US$0.69 billion followed by milk and chilies. Not only vegetables but also fruits, tea, spices,
meat and eggs are produced in large quantities. Figure 2.5 shows a similar trend of high
production of rice followed by potato, milk, fruits, spices etc.

Table 2.1: Bangladesh’s production of top twenty agricultural commodities in the year 2007

(FAOSTAT)
Production | Production
Rank Commodity | (Int $1000) (MT)
1 | Rice, paddy 7981474 43057000
2 | Potatoes 691163 5167000
3 | Goat milk (whole, fresh) 607703 2016000
4 | Chillies and peppers (dry) 457272 153955
5 | Jute 312861 838682
6 | Cow milk, whole, fresh 217538 818000
7 | Vegetables, fresh, nes 205664 1096000
8 | Mango, mangosteen, guava 186739 766930
9 | Onions, dry 164802 894255
10 | Spices (fresh) 151241 116725
11 | Eggs (in shell) 144742 180000
12 | Bananas 143154 1004520
13 | Garlic 136388 176710
14 | Sugar cane 119841 5769945
15 | Wheat 108905 737000
16 | Fruit, tropical (fresh) 105986 925965
17 | Maize 96315 902150
18 | Tobacco unmanufactured 71433 39180
19 | Tea 63326 58500
20 | Other bird eggs (in shell) 63163 76000
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Figure 2.5: Bangladesh’s production of top twenty agricultural commodities in the year 2007
(FAOSTAT)

The export value of Bangladesh’s major agricultural commodities like cereals, pulses and fruits
and vegetables after independence through 2007 are shown in Figure 2.6. It can be clearly seen
from the Figure 6 that export of cereals, pulses and fruits and vegetables was zero until the early
1980s because of the unpromising nature of agriculture due to change in climate and rainfall
patterns, and the natural calamities affecting the country lead to less production of these
commodities every year. Trend of pulses showed that export value was zero except early 1980s,
but was negligible for fruits and vegetables. Cereal export value increased from 1981 to 1983,
then fell to zero before beginning to increase after 1997. However, after 1993 the trend of export
value of fruits and vegetables remains increasing reaching US$70.48 million in 2007.
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Figure 2.6: Bangladesh’s export of major agricultural commodities from 1971 to 2007

Compared to export value, import of these commodities is greater (see Figure 2.7). Pulses were
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not imported to Bangladesh until 1975, although unstable. After 1986, pulses import
proportionally increased. According to FAOSTAT, the population of Bangladesh is increasing
from 1971 until now, and less production and increased consumption of pulses resulted in an
increase in its importation. Though fruits are not part of daily major consumption, its recognized
importance through higher vitamin and mineral composition resulted in continuous increase in the
import of fruits and vegetables. However, the trend of cereal import was not uniform, fluctuating
year by year. The demand for cereals is changed yearly because of damage to agricultural produce
by natural calamities, climate change and the unpromising nature of Bangladesh’s agriculture.
The import value of cereals reached a peak in 1999 with a value of US$934.25 million. After
2005 import values of all three commodities continued increasing.
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Figure 2.7: Bangladesh’s import of major agricultural commodities from 1971 to 2007

Figure 2.8 shows the import-export relationship of total merchandise trade and total agricultural
products. Import-export trade of total merchandise and export trade of total agricultural product
were nearly the same until 1987 with some deviation until 1993. But the import of total
agricultural product was increasing from 1971 to 2007 and reached a high with US$4.00 million.
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Figure 2.8: Bangladesh’s total merchandise trade and total agricultural products trade in 1000
uUsD
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Percentage of trade of import and export of total agricultural products to total merchandise trade is
shown in the Figure 2.9. It is observed from Figure 9 that export trade was continuously
decreasing from 1971 to 2007. However this decrease was nearly constant from 1995. At the
same time after 1993 import trade was also nearly constant except in 1999 and 2002. It is clear
that Bangladesh is not self sufficient in their production and lack selected commodities, which
were imported from other countries. During 1974 import value percentage reached a peak with
77.09 per cent and was least in 2001 with 15.43 per cent. The percentage import exceeds by more
than 8 times the export of total agricultural products to total merchandise trade.
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Figure 2.9: Total agricultural trade v/s total merchandise trade for Bangladesh (FAOSTAT)

Agricultural area occupies 62.85 per cent of the entire area of Bangladesh, with permanent crops,
permanent meadows, pastures, forest area and inland water taking 3.33 per cent, 4.16 per cent,
6.01 per cent and 9.61 per cent, respectively. However arable land area and area equipped for
irrigation is 55.35 per cent and 34.73 per cent, respectively, of total country area. Figure 2.10
shows land use in Bangladesh.
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Figure 2.10: Available land use in Bangladesh in the year 2007 (FAOSTAT)
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According to FAOSTAT, the population of Bangladesh in 2009 was 162.221 million. Figure 2.11
shows that the population of country will reach 195.1 million by 2025 and 222.5 million by 2050.
This increasing population will increase demand for the food.
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Figure 2.11: Total current and predicted population of Bangladesh over the period of 2005 to 2050
(FAOSTAT)

In the year 2005, the total agricultural population was 50.12 per cent of the total population
(153.122 million) while in 2009 it was 46.33 per cent of the total population. It is predicted that
the total agricultural population will decrease to 36.09 per cent of the total population (please see
Figure 2.12). This clearly shows the need of agricultural mechanization in the country.
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Figure 2.12: Current and predicted total agricultural and non-agricultural population of
Bangladesh (FAOSTAT)
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2. Agricultural Mechanization in Bangladesh
2.1 Popularization of agricultural machinery

Mechanization in Bangladesh agriculture started in the 1960s with the introduction of tractors,
power tillers, deep tube wells, shallow tube wells and low lift pumps but of very limited quantities.
After independence in 1971, introduction and adoption of mechanization accelerated, especially in
irrigation development. Though the use of tractors, power tillers and other farm machinery, like
threshers and weeders, increased with time, irrigation equipment increased at a much faster rate.

Table 2.1 shows the population of the different farm machinery over the years.

Table 2.1: Population of different farm machinery over years (Roy and Singh, 2008)

. Year
Name of machine
1977 1984 1989 1996 2006

Tractor 300 400 1,000 2000 12500
Power tiller 200 500 5,000 100,000 300,000
Maize sheller - - - 100 850
Thresher(open drum) - 500 3,000 10,000 130,000
Thresher(closed drum) - 100 1,000 5,000 45,000
Deep tube well 4,461 15,519 22,448 24,506 28,289
Shallow tube well 3,045 67,103 223,588 325,360 1,182,525
Low lift pump 28,361 43,651 57,200 41,816 119,135

Other than the listed agricultural machinery, about 250 power tiller-operated seeders are in use.
Farm machinery, such as, weeders, threshers, winnowers and centrifugal pumps are developed and
manufactured locally with locally available materials. Manually-operated weeders and sprayers
are used widely and summed to total about 200,000 and 1,000,000 units in 2008, respectively. A
few hundred pedal and power operated winnowers are also being used in the country (Roy and
Singh, 2008).

The extent of mechanization can be measured as the level of energy input. Figure 2.13 shows the
available power in agriculture over the period of 1960 to 2007. From Figure 15 it is clear that the
available power gradually increased from 0.24 kW/ha in 1960 to 0.32 kW/ha in 1984. After 1984
available power increased sharply reaching 1.17 kW/ha in 2007.
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Figure 2.13: Available power in Bangladesh agriculture sector during 1960 - 2007 (Islam, 2008)

The Bangladesh agriculture sector is more focused on irrigation engineering and proper utilization
of water resources than mechanized farming. Thus, most of the agricultural machinery used in the
country is either imported or locally manufactured in workshops. Figure 2.14 shows Bangladesh’s
importation of agricultural tractors, harvesters and threshers, soil, dairy and other machinery.
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Figure 2.14: Bangladesh import of agricultural tractors, harvesters, threshers, soil, dairy and other
machinery (FAOSTAT, 2010)

The import value of soil machinery is consistently higher and increasing compared to agricultural
machinery such as, harvesters and threshers, milking and dairy machinery, agricultural tractors
and other agricultural machinery and equipment. In 2007 the country imported about US$49.18
million worth of machinery. The import value of agricultural tractors and milking and dairy
machinery was fairly consistent over the last two decades while the import value of harvesters and
threshers fluctuated during the same period. Trade of other agricultural machinery not mentioned
above has shown steady growth since 1999.

Figure 2.15 shows the main agricultural machinery imported by Bangladesh while Figure 2.16
shows the total import value in 1000 USD of the same imported agricultural machinery. From the
figures it is clear that the import of main agricultural machinery is only demand based. Seeders
and ploughs were the main imported agricultural equipment. Except in 2006, the import value of
milking machines was about US$600,000. Balers were the least imported agricultural machinery
followed by combine harvesters and threshers. With the exception of milking machinery, the
import value of agricultural machinery was mostly below US$200,000.
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Figure 2.15: Bangladesh’s main agricultural machinery import in quantity (no.) (FAOSTAT)
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Figure 2.16: Bangladesh’s main agricultural machinery import value (1000 US$) (FAOSTAT)

Bangladesh is not involved in any major export of agricultural machinery. Recently, in 2007,
Bangladesh exported some of agricultural machinery as shown in Figure 2.17. The export of
agricultural machinery is not extensive for the country. Most of the machines in Bangladesh are
manufactured locally for local use.
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Figure 2.17: Bangladesh’s export of harvesters, threshers, soil, dairy and other machinery in
export value (1000 USS) (FAOSTAT)

2.2 Constraints to farm mechanization in Bangladesh

The adoption of mechanization in the Bangladesh agricultural sector is increasing but is
imbalanced. The country has given first priority to mechanization of water pumping for irrigation.
At present about 55 per cent of the total cultivable area is under irrigation, mainly by pumped
ground water. The second priority was given to mechanizing tillage operations by using power
tillers. Currently, about 80 per cent of the total tillage operation is carried out with power tillers
and tractors. The use of power tillers for tillage operations is higher than tractors as average land
holding is quite small. Also, rapid growth of mechanization was observed in threshing operations.
The availability of farm power was increased from 0.3kW/ha in 1960 to 1.17 kW/ha in 2007.
Looking at the increasing trend of farm power availability, it is expected that the power available
at farm level will continue to increase further at a higher rate as many major agricultural
operations have yet to be mechanized (Roy and Singh, 2008).

However, the adoption of farm mechanization in Bangladesh is hindered due to inherent problems
such as small and fragmented land holdings, low buying capacity of farmers, lack of quality
machines for farm operations, inadequate knowledge of machinery use and lack of extension of
information and building awareness in farming communities (Islam, 2008).

2.2.1 Small and fragmented land holdings

The average farm holding has been decreasing continuously. In 1980 the average land holding
was 0.91 ha which fell to 0.68 ha in 2000 (Roy and Singh, 2008). With a smaller farm area,
farmers prefer to follow traditional methods of cultivation rather than use mechanized implements.
The use of power tillers, reapers and other machinery on small farms faces the problem of
frequent turning, which reduces the efficiency of the work and makes the operation tedious and
boring.

2.2.2 Low buying capacity of farmers

Modern agricultural machines like tractors, combine harvesters and seeders are owned by only a
few rich farmers. Most of the farmers are very poor and can not afford the high price of modern
agricultural machinery and implements. They either follow traditional methods by using animal
and human labor for most of the farm operations or hire the machinery from richer farmers in the
locality having specific equipment.

2.2.3 Farm machinery quality

In Bangladesh greater importance has been given to irrigation than farm mechanization. Thus,
only a very few manufacturers are producing simple, manually-operated machines like weeders,
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threshers and winnowers. However, the vital need of the country to produce sufficient food for its
growing population pointed to the need to adopt farm mechanization in recent years. At present
about 40,000 small and medium-scale local manufacturers are running their facilities to
manufacture most of the simple, manually operated machinery (Farouq et al., 2007). Due to no
required testing or standardization, machines and equipment manufactured locally are not up to
international standards.

Mostly manufacturers obtain a prototype of a particular machine from researchers which they then
produce in bulk without paying attention to quality aspects. Institutions such as BARI (Bangladesh
Agricultural Research Institute) and BAU (Bangladesh Agricultural University), develop
machinery, but do not produce nor have current authority to control the manufacturer quality.
Local manufacturers have mostly emerged out of the repair and maintenance sector, and lack
facilities and knowledge to produce at a high standard and due so in under equipped facilities
(Islam, 2010) Such sub-standard machinery create an adverse impact on farmers, which hinders
the adoption of mechanization practices. The requirement of advanced machinery like tractors,
power tillers and combines is fulfilled by importing machinery form other countries, mainly India.
Which again are being imported without required testing or set standards.

2.2.4 Inadequate knowledge and skill

Due to the high level of illiteracy among farmers and a lack of facilities to obtain the required
knowledge about machine use, operation and maintenance the growth rate of farm mechanization
is low. Manufacturers do not provide after sales service to the users. Machines are kept idle for
small or minor and easily repairable faults. Farmers have to pay a higher amount to get the
machine repaired from local mechanics. Moreover, village mechanics are not adequately trained
and are generally unaware of the mechanics of the machine.

The lack of knowledge and skill is not limited only to farmers but manufacturers as well. Most
small manufacturers are in reality small workshops manufacturing equipment and in some cases
machinery based on researcher blueprints. Both manufacture workers and repair have no expertise
knowledge or training even when after sale services are available. What’s more even machinery
foreign companies frequently do not have own or representative facilities for ‘after sales services’.

2.2.5 Lack of extension of information and building awareness

Much of the agricultural research in the country is not focused on farm mechanization. Whatever
research is conducted is not extended to the farmers effectively. Lagging in awareness building
and information extension among farmers hinders the mechanization adoption process.

2.2.6 Machinery import and tariff policies

In order to increase agricultural mechanization in Bangladesh, a policy decision was made
following a devastating flood in 1988. The Bangladesh government abolished all standardization
requirements for agricultural machinery, allowing for open market imports of all agricultural
machinery and implements (Islam, 2010).

Further weight to the matter of this policy is added by the substantial tariff differences in
agricultural machinery imports. While finished agricultural machinery falls under a no-tax import
policy, spare parts for the same are being taxed at 35% (Baswas, 2010). Thus no-tax no standard
requirement has a tendency to introduce low quality machinery into the country for which spare
parts are taxed high.

3. Testing and Certification Facilities in Bangladesh

Bangladesh is still lagging in the effective and efficient adoption of agricultural mechanization
due to the fragmented approach toward agricultural mechanization and a lack of coordination in
research and development within and between the government and the private sector (Kabir, 2004).
The Ministry of Agriculture has formed various branches to deal with different aspects of national
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agriculture (Figure 2.18). However, there is no institutional arrangement to coordinate different
institutions in respect of farm mechanization (Roy, 2003).
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Figure 2.18: Organizational structure of Ministry of Agriculture, Bangladesh (Roy, 2003)

The domestic manufacturing of agricultural machinery comprises about 12 to 15 local
manufacturers. With the help of BARI, BRRI, BSRI and other branches, some research and
development work is carried out in the country.

Till 1998 testing and certification for machinery in Bangladesh was mandatory. For manufacturers
it was compulsory to obtain certification from farm power and machinery department of
Bangladesh Agricultural University and farm machinery division of BARI before passing on final
certification decision by national committees. Meaning elementary facilities and capacities for
machinery and equipment testing exist within these and other smaller institutions, which now play
arole in researching and designing machinery for manufacturers (Islam, 2010 & Basawa, 2010).

3.1 Testing of agricultural machinery in Bangladesh

During 1970 to 1988, there were two national committees to test domestic and imported
agricultural machines. The Agricultural Machinery Standardization Committee and Technical Sub
Committee (TSC) to test country made and imported agricultural machinery. In the case of TSC, it
tested the machines submitted by the manufacturers or importers both at field and laboratory
levels and sent the results to the technical committee with some recommendations for good ones.
The TSC in return claimed fees for testing the machines which the manufacturers or importers
would have to pay at the time of submitting the machines (Basawa, 2010; Ahmed & Kabir 2005.)

These committees used to test all the machinery, especially irrigation equipment, pumps and
sprayers. After the 1988 waver of testing and certification by the Bangladeshi government any
national testing and certification procedure has stopped. Currently Bangladesh is importing
agricultural machinery, which is certified by the country where it was manufactured.

In the core of testing and certification for agricultural machinery and equipment, policies,
institutional framework and knowledge capacity remain. Bangladesh has some previous
experience and fundamental facilities to reinstate testing and certification, with an evident need for
further development and capacity building.

3.2 Future focus of the national institutes

The national institutes in Bangladesh are aware of the need to test and certify domestic as well as
imported agricultural machinery. The main focus of the national institutions is to develop
effective testing and certifying units for the sustainable and efficient growth of agricultural
mechanization in the country.

» The institutes are planning to provide the test report to the buyers of domestic or imported
agricultural machines.

» Testing (if not standardizing) of the domestic and imported machinery will be required for
sellers before marketing of the machine.
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» Support for the development of methodologies for the testing the agricultural machinery and
to develop the standards.
» Strengthening of the standardization and testing facilities

All these developments are still in the initial phase and need a longer time to develop into a strong
nationwide network.
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B) PEOPLE’S REPUBLIC OF CHINA

1. General overview of agriculture
1.1 Social and economic condition and agricultural development

In the late 1970s, the Chinese Government instituted the policy of “reform and opening up.”
Since then, economic conditions have changed rapidly. China has become one of the most
dynamic players in the global economy. China’s GDP growth is illustrated in Figure 2.19.
China’s GDP in 2008 was 3 times more than that in 1998 according to the World Bank.
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Figure 2.19: China’s GDP growth in the decade from1998-2008 (World Bank Database)

1.2 Industrialization and urbanization

Since the last two decades of the 20th century, China launched its plan of modernization. In
2002, China proposed the building of the so-called new type of industrialization. According to
this plan, China will achieve the basic industrialization in 2020 (Ma Kai 2005). Actually,
China’s GDP reached US$ 4.3 trillion, with GDP per capita exceeding US$3,000 in 2008
(Maohua Wang 2009).
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Figure 2.20: Share of GDP by sector in China
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Rapid economic growth was accompanied by significant structural changes in China’s economy.
As can be seen in Figure 2.20, the share of agricultural sector in GDP accounted for 30 per cent in
1980, 20 per cent in 1995 and 11 per cent in 2007;, the industrial sector fluctuated between 45 per
cent to 50 per cent from 1980 to 2007; and the share of the service sector increased from 13 per
cent in 1970 to 21 per cent in 1980 and 40 per cent in 2007. The trend shows that the service
sector is expanding quickly while the agriculture sector is shrinking. However, agriculture
remains a key economic sector since it employs about 40 per cent of the total labor force in China.
This trend is expected to persist in the coming years (Ji kun Huang, Scott Rozelle, 2009).
Therefore, it is important for China to improve and enhance the development of its agricultural
sector.

Structural changes also indicate the substantial impact on employment. The data from 1970 to
2007 demonstrates in Figure 2.21 that 80 per cent of the nation’s workforce was employed in the
agricultural sector in 1970 declining to 60 per cent in 1990 and 40 per cent in 2007. The share of
employment in the industrial sector was stable at about 20-30 per cent during the 1990-2007
period. As far as the share of employment in the service sector is concerned, it increased rapidly
from about 10 per cent in 1970 to more than 30 per cent in 2007 (Huang and Rozelle, 2009).
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Figure 2.21: Employment by sector in China

The factors that contribute to China’s structural changes include the rapid economic growth,
urbanization, market liberalization and China’s reform and opening-up policies. These changes
pushed China to develop rapidly in the past three decades.

Figure2.22 and Figure 2.23 show the steady growth in the gross and net value of agricultural
production including agriculture in total, cereals, other crops, livestock, food and non-food in the
past half a century with the introduction of the Household Responsibility System (HRS), hybrid
rice, high yield seeds for other crops, the use of fertilizers and plant protection techniques, which
helped the country to improve the status of its agriculture.
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Gross Agricultural Production in China
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Figure 2.22: Gross production expressed as 1000 USD, China (FAOSTAT)
Net Agricultural Production in China
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Figure 2.23: Net agricultural production as 1000 USD, China (FAOSTAT)
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Figure 2.24: Production of some top agricultural commodities in China in 2007 (FAOSTAT)
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Table 2.2 shows the production of top twenty agricultural commodities in 2007 while the
production of some top agricultural commodities in China in 2007 is shown in Figure 2.24. Rice
production, with a value of US$35.53 billion, was the highest, followed by fresh vegetable
production (US$23.78 billion). Other agricultural products like wheat, cotton and fruits were
also produced in large quantities.

Table 2.2: Production of top twenty agricultural commodities in China in 2007 (FAOSTAT)

Rank | Commodity Production Production
($1000) (MT)

1 Rice, paddy 35,526,760 187,397,460
2 Vegetables 23,777,510 146,902,838
3 Hen eggs, in shell 18,540,600 21,833,200
4 Wheat 15,348,160 109,298,296
5 Cotton lint 11,317,680 7,623,597

6 Asparagus 9,961,629 6,253,141

7 Cow milk, whole, fresh 9,460,634 35,574,326
8 Garlic 9,311,747 12,064,662
9 Apples 8,003,659 27,865,889
10 Tomatoes 7,960,108 33,596,881
11 Potatoes 6,743,942 64,837,389
12 Watermelons 6,583,176 62,256,973
13 Groundnuts, with shell 6,112,785 13,079,363
14 Maize 5,818,754 152,418,870
15 Cabbages and other brassicas 5,101,838 36,530,009
16 Spinach 4,907,504 12,012,005
17 Sweet potatoes 4,855,120 75,800,197
18 Chillies and peppers, green 4,840,326 14,026,272
19 Cucumbers and gherkins 4,590,038 28,049,900
20 Tobacco, un-manufactured 4,370,623 2,397,152

Developments in the export and import of major agricultural commodities are shown in Figure
2.25, Figure 2.26, Figure 2.27 and Table 2.3 respectively. The data indicates that in the past two
decades China was very active in the international market. China both imported and exported
many agricultural commodities. It can be found that the import and export of agricultural
commodities increased drastically since the end of last century. The data in Figure 27 and Table
4 also show that the most important commodities for trade by value were soybean and soybean oil.
However, the imported soybean was for producing oil. This means that the oil for food depends
on import and the cereals including rice, wheat, maize are not important commodities in China’s
import and export since the least amount of cereals was imported or exported (Figures 28 and 29).
The strategic target for the Chinese government is to achieve self-sufficiency in food production.
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