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Message
Agriculture in SAARC Region continues to be the priority sector with 60% of
the population engaged in farming for their livelihood. It contributes on an
average of 18.2% to regional GDP (3.5% in Maldives to 33.7% in Nepal). But
agricultural production in the region is seriously constrained by extreme
climate events whose frequency has increased in the last few decades.
Climate change has emerged as a major challenge for the ability of farming
systems to respond to the increasing demand for food in a sustainable way. As
Bangladesh has advanced in overall socio-economic development and moves
to Middle-Income Country, people are becoming reluctant to laborious works
and so, like other countries in the region, overall employment scenario in our
country is rapidly changing. One of the major impacts can be on farm labour
situation. Furthermore, the out-migration of workforce from rural areas to
urban settlements has lead to labour shortage and increase in wage rate for
agriculture. In this situation, agricultural mechanization will be the only
solution to address labour shortage and increasing wage in the region.
Besides, need-based mechanization of agricultural operations has a definite
role in enhancing resilience with efficiency in natural resources use in
increasing agricultural productivity. Considering the smallholder farmers,
any mechanization interventions need to be affordable and manageable.
For the relentless effort of our agriculture and farmer-friendly government
under the dynamic leadership of Hon'ble Prime Minister Sheikh Hasina,
Bangladesh has attained food-self sufficiency and even started to export As
mechanization is the tool for increasing efficiency and reducing cost of
production, Hon'ble Prime Minister initiated many agricultural credit
facilities with special focus on small holder farmers. Under her leadership,
liberal machinery import policy provides the impetus to expansion of
agricultural mechanization, local manufacturing of machinery spare parts and
training programs in Bangladesh. For agriculture and farmer-friendly
development policies and attainment of food sufficiency, Hon'ble Prime
(iii)

Minister Sheikh Hasina received "Ceres Medal" in 1999 from World Food
Program and Certificate of Recognition from Cornell University of the
United States in 2014. Her farsighted leadership to overall development of
Bangladesh has helped in the rapid graduation of Bangladesh from LDC
(least developed country] group to lower-middle income country (MIC) for
its improved economic performance in the past year. We believe that we will
be, able to make Bangladesh a middle-income, country by 2021 on the
Golden jubilee of our independence and a developed one by 2041 according
to Vision-2021 and Vision-2041 by the tremendous and visionary leadership
of Hon'ble Prime Minister Sheikh Hasina. Thus, we would be able to
transform our country into "Sonar Bangla" dreamt by the Father of the Nation
Bangabandhu Sheikh Mujibur Rahman.
It is very timely for SAARC Agriculture Centre (SAC) to organize the
Celebration of Mechanization in Sustainable Intensification of Agriculture in
the region. It is also praiseworthy initiatives by SAC in coordinating with
SAARC Member States in preparing and launching this book
"Mechanization for Sustainable Agricultural Intensification in SAARC
Region".
It is very encouraging to see the engagement of all NARS institutions in
Bangladesh (BARC, BARI, BRRI, BINA, BSRI, DAE), RDA,
FAO-Bangladesh, CGIAR Centers (CIMMYT, IRRI, IFPRI), CIRDAP, and
ACI in making it a common program to organize exhibition, seminar and
publish a book on agricultural mechanization. This publication
"Mechanization for Sustainable Agricultural Intensification in SAARC
Region" is a comprehensive collection of papers written by eminent
scientists, of SAARC Region.
I wish the SAC, partnering institutions, agriculture sector of SAARC
Member States, ACI and FAO all success in their endeavor in promoting
agricultural mechanization for sustainable intensification of agriculture
thereby achieving greater food and nutrition security.
Joy Bangla Joy Bangabandhu
Long Live Bangladesh!
(Matia Chowdhury, Mp)
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Preface
South Asia is the fastest-growing region in the world, with growth projected
to steadily increase from 7% in 2015 to 7.6% by 2017 (World Bank, 2017).
While the region has achieved impressive economic growth, it continues to
face challenges in food and nutritional security and other development goals.
For instance 15.7% of the world’s undernourished population lives in South
Asia (FAO. 2016). Of the 1.8 billion populations around 67% are rural
populations directly engaged in agriculture. While the share of agriculture in
total GDP has been decreasing, agriculture remain an important sector for
food and nutrition security in the region. The rapid growth in agriculture in
the region has been largely based on the Green Revolution technologies of
high yielding varieties and high input intensity. Agriculture in the region is
currently faced with range of challenges like ageing farmers, feminization of
agriculture, farm labour shortage, shrinking land, degradation of natural
resources, soaring prices, and vulnerability to climate change. In the face of
these challenges, the countries in the region need 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).
To feed ever increasing population in South Asia, it is therefore essential for
production to keep up with increasing demand in a sustainable way. However,
additional increases in agricultural production are difficult to achieve due to
resource constraints, especially on land and water. While gains from
increased area cultivated are hardly achievable, over utilization of inputs
(such as fertilizers and pesticides) is already undermining soil quality and
fertility. Thus, improved agricultural technology holds the key to increasing
food production in the region. Technology-driven agricultural growth can
contribute significantly to growth in national income and poverty alleviation.
Among various technological options, agricultural mechanization
technologies are important driver for boosting agricultural outputs.
This publication is an attempt to bring together the agriculture mechanization
scenario in the region. The book is divided into eleven chapters. First chapter
provides a mechanization trend in the region, followed by seven chapters on
agricultural mechanization in Bangladesh, Bhutan, India, Nepal, Pakistan and
Sri Lanka. The last three chapters include topics related to business models
for agricultural mechanization. The chapters have been developed by the
most relevant experts on agricultural mechanization from SAARC Member
States. The book provides all-inclusive overview on current status of
agricultural mechanization in Bangladesh, Bhutan, India, Nepal, Pakistan and
Sri Lanka. Most importantly the country papers provide detail analysis on
challenges and opportunities for agricultural mechanization in respective
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countries. The two chapters on business model give a constructive overview
of innovative business models for sustainable agricultural mechanization in
South Asia region.
We are grateful to the Director, ICAR-Central Institute of Agricultural
Engineering, India for guiding the development of the outline and content of
the book. The support and guidance of Heads of NARS of all the Member
States in assigning the most relevant expert in developing the chapter is
highly appreciated. The encouragement from all the Member States by
expressing the need for documenting the issues related to agricultural
mechanization and identifying a way forward has been the guiding force for
SAC into venturing into this publication.
The publication of this book would not have been possibly with the financial
support from Bangladesh Agricultural Research Council (BARC) and Krishi
Gobeshona Foundation (KGF). The constant support and guidance of
Executive Chairman of BARC for development of this book is highly
appreciated.

Editors
Tayan Raj Gurung
Wais Kabir
S M Bokhtiar
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Introduction
South Asia is the fastest-growing region in the world, with growth projected to
steadily increase from 7% in 2015 to 7.6% by 2017 (World Bank, 2017). While the
region has achieved impressive economic growth, it continues to face challenges in
food and nutritional security and other development goals. For instance 22% of the
world’s undernourished population lives in South Asia (Table 1). Of the 1.8 billion
populations around 75% are rural populations directly engaged in agriculture.
Agriculture provides employment to 48% of the population (Table 1). While the
share of agriculture in total GDP has been decreasing, agriculture remain an
important sector for food and nutrition security in the region. The rapid growth in
agriculture in the region has been largely based on the Green Revolution
technologies of high yielding varieties and high input intensity. Agriculture in the
region is currently faced with range of challenges like ageing farmers, feminization
of agriculture, farm labour shortage, shrinking land, degradation of natural
resources, soaring prices, and vulnerability to climate change. In the face of these
challenges, the countries in the region need knowledge-intensive transformational
change in agriculture that combines advances in science and agricultural
engineering with the region’s unique traditional knowledge to make agriculture
more environmentally resilient (ESCAP, 2010).
Table 1. Scio-economic characteristics of SAARC countries, 2017
Characteristics
Per capita income(US$)
Rural population (%)
Share of agriculture in
GDP (%)
Share of agriculture in
workforce (%)
Undernourished
population (%)
Poverty (%)

AFG
559
78.7
39.5

BAN
1525
76.6
18.7

69.6

53

IND
1850
71.1
17.5

MAL
9949
67.7

NEP
799
86.1
38.2

PAK
1468
65.7
19.4

SL
3927
84.8
16.5

51.7

56.1

3.8

76.0

43.4

32.2

30

20

17

23

22

30.9

23.9

22.7

40

BHT
2871
69.1
22.4

31.7

1

27.5

21

To feed ever increasing population under constrained environment in South Asia, it
is essential for production to keep up with increasing demand in a sustainable way.
However, additional increases in agricultural production are difficult to achieve
due to resource constraints, especially on land and water. While gains from
increased area cultivated are hardly achievable, over utilization of inputs (such as
fertilizers and pesticides) is already undermining soil quality and fertility. Thus,
improved agricultural technology holds the key to increasing food production in
the region. Technology-driven agricultural growth can contribute significantly to
growth in national income and poverty alleviation. Among various technological
options, agricultural mechanization technologies are important driver for boosting
agricultural outputs. The diversity is agriculture in the region provides both
prospects and challenges in mechanization of agriculture.
Mechanization of farming is considered as one of the top ten engineering
accomplishments in the 20thcentury. Farm mechanization has been well-received
world over as one of the important elements of modernizing agriculture. The level
and appropriate choice of farm mechanization has direct beneficial effects on land
and labour productivity, efficient use of farm inputs, increased farm income and
the quality of life of farmers. Farm machines also ensure timeliness of farm
operations and increase work output per unit time. Suitability to small farms;
simple design and technology; versatility for use in different farm operations;
affordability in terms of cost and most importantly, the provision of support
services are the basic requirement for the expansion of farm mechanization. One of
the feasible options to increase crop production in the region is to follow intensive
method of cultivation and this could be achieved only by mechanization. The
global threats of food deficit also forecast to produce 40% more grain by 2020,
most of which will have to come from yield increases and reduced losses through
appropriate mechanization. Farm mechanization has the potential to meet the
contemporary challenges and to increase productivity in a sustainable way. The
direct benefits of farm mechanization are given in table 2.
Table 2. Direct benefits of farm mechanization
Benefits
Saving in seed
Saving in fertilizer
Saving in time
Reduction in labour
Increase in cropping intensity
Increase in productivity
Reduction in drudgery of farm workers especially that of
women

2

Value(%)
15-20
15-20
20-30
20-30
5-20
10-15
10-30

The agriculture sector value chain includes all the steps from preparation of
seedbed to harvesting, threshing and post-harvest operations. For every step in
crop production value chain use of farm implements and machinery enhances the
man-machine system efficiency. Farm mechanization not just reduces labour and
time but also reduces losses and cuts down production costs. Mechanization
supports the optimal utilization of resources (e.g., land, labour, and water) and
expensive farm inputs (seeds, fertilizers, agro-chemicals). Judicious use of time,
labour and resources helps facilitate sustainable intensification (multiple cropping)
and timely planting of crops, which provides more time to mature leading to
increase in productivity. The use of machinery also helps in reducing losses,
environmental pollution and human drudgery. Farm mechanization in association
with improved crop inputs have shown improved yields by 10-15% (Table 2).
There are various other benefits of farm mechanization such as it helps in
conversion of uncultivable land to agricultural land through advanced land
development and tilling techniques, reduces work load on agricultural work force,
improves safety and comfort during farm operations and encourages youths to join
farming as their career.
The improved but heavy duty farm equipment, which are widely used by resource
rich farmers in developed countries are not as such useful and economical for
small and marginal farmers in SAARC countries due to small land holdings and
less knowledge about suitable crops and their package of practices. Strategy for
mechanization in small farms is entirely different from large farms. The marginal
farmers may have willingness for improved machinery with manual power sources
whereas, small farmers may have preference to use improved and light weight
animal or power tiller operated equipment. Medium and large farmers may use
tractor or power operated machinery as per their selected crop requirements.
With the introduction of modern machines in agriculture, farmers are able to
complete the seeding/planting operation earlier, and can even free the equipment
for custom hiring to neighbours. The seeding/planting equipment reduce the delays
in sowing and also benefit neighbours who can hire these equipment and be able to
plant within the first planting window, commonly associated with better grain
yields. Small farmers can also form groups to mobilize resources for equipment
purchase to overcome the problem of high equipment cost. Timely harvesting of
field crops provides more time for land preparation and seeding/planting of the
next crop.
Appropriate machinery suitable for different agricultural operations are still not
widely available in local markets in most of the SAARC countries, therefore, an
extensive participatory process is required to test and demonstrate the improved
performance of modern machines compared to traditional farm machines/tools.
3

Farmers purchasing farm equipment need extensive training on calibration,
operation and maintenance of the new implements, and the farming systems. The
development and promotion of farm machines assist in creating a demand for these
machines, which in turn will help manufacturers to continue production of these
machines. Farmer’s demand should take over after some time, and make the
agriculture sustainable. Equipment manufacturers also need pre-financing to allow
an initial investment in the production of farm equipment, and support production
of sufficient quantities to meet the growing demand.

Agriculture in SAARC Countries
Agriculture is the basic source of food, income and livelihood of all the countries
in the region. If agriculture fails to meet the rising demand of food products, it is
found to affect adversely the growth rate of the economy. Raising supply of food
by agricultural sector has, therefore, great importance for economic growth of a
country. In South Asia about 94% of the potential farm land is in use and by 2030
nearly 98% of all potential agricultural land would come under cultivation. Even if
food production is increased there is a high post harvest loss due to poor storage
and transport conditions. In addition to poor agricultural technologies, overuse of
pesticides, fertilizers and over extraction of groundwater are major issues. With
70% of food production in South Asia dependent on monsoons, climate change
impacts could decrease annual agricultural production in some countries by 23%
by 2080.
Agriculture continues to play a major role in the economy of all the SAARC
countries. The contribution of agriculture in country’s GDP is higher in
Afghanistan, Bangladesh, Bhutan, India, Nepal and Pakistan as compared to
Maldives (3.0%) and Sri Lanka (8.2%). The annual agricultural growth rate is also
good in these countries ranging from 2.3% (Nepal) to 4.7 % (India and
Bangladesh) (Table 3).
The change in percentage of agricultural land in SAARC countries during 19612014 is depicted in figure 1. Bangladesh has highest percentage of land in
agriculture sector, followed by India and Afghanistan whereas lowest agricultural
land is available in Bhutan. Over the years the percentage of agricultural land has
increased in Bhutan, Maldives and Sri Lanka whereas it is almost stagnant or
slightly reduced in other SAARC countries.
Figure 2 shows the change in percentage employment in agriculture during the
period 1995-2015in SAARC countries. About 50% or more population is still
involved in agriculture in Afghanistan, Bangladesh, Bhutan, India, Nepal, and
Pakistan. However, in most of these countries the percentage population involved
in agriculture is decreasing due to rapid urbanization.
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Afghanistan
Bangladesh

65.22
13.18

58.1
70.1

Contribution of
Agriculture to GDP
(%)

1

Total GDP (billion
USD )
2

Agriculture Sector
Growth (%)

Avg. Farm Size (ha)

Agricultural
Population (%)

1

Population (million,
2016)

1

Agricultural land
(%)

Total Land
Area(mha)

1

Country

Table 3. General information about agriculture in SAARC countries (2016-17)

34.66 78.6
163 47.0

-0.69*
(2005)
0.797 58.0 1.38***
(2015)
1324 47.0
1.15
(2010-11)
0.417 15.0
--

-19.47
22.0
4.67
221.4
22.0
(2005-06)
Bhutan
3.84
13.6
2.9
2.237
16.4
(2004-05)
India
297.3 60.5
4.7
2264
13.9
(2013-14)
(2013-14)
Maldives
0.029 23.3
3.0
3.591
3.0
(2005-06)
Nepal
14.34 28.8 28.98 69.0
1.14*
2.3
21.14
29.2
(2003)
(2004-06)
Pakistan
77.09 35.2 193.2 42.3
6.4**
2.5
283.7
24.6
(2010)
(2005-06)
Sri Lanka
6.46
43.5 21.2 28.4
0.595
3.0
81.32
8.2
1
CIA- The World Fact book, *FAO-The economic lives of smallholder farmers
(http://www.fao.org/3/a-i5251e.pdf), **Agricultural Census 2010-Pakistan, *** Bhutan RNR
Statistics, 2015

Figure 1. Trends in variation of agricultural land (% of land area) in SAARC
Countries: (Source: WDI Data, World Bank, 2017)
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Source: WDI, World Bank, 2017; #No data available for Afghanistan; ## Some data
projected by using CAGR method

Figure 2. Trends of employment in agriculture (% of total employment) in SAARC
countries.
The crop diversity in the region is very wide, which has influenced the dietary
composition. Table 4 shows the country-wise major crops grown in the SAARC
countries. Paddy is common crop grown almost throughout the SAARC countries
followed by wheat.
Table 4. Major crops in SAARC countries
SAARC
Major Crops
Countries
Afghanistan
Wheat, Paddy, Maize, Sorghum, Barley, Rapeseeds (canola oil
seed) Cumin, Cotton, Opium, Potato, Onion, Fruits &
Vegetables
Bangladesh
Lentil, Chickpea, Pigeon Pea, Black Gram,Mungbean, Khesari
Soybean, Sunflower, Groundnut, Potato, Sweat Potato,
Tobacco, Sugarcane, Jute, Cotton, Tea
Bhutan
Paddy, Wheat, BuckWheat, Barley, Maize, Millet, Mustard,
Cardamom, Ginger, Chilli, Potato, Apple, Mandarin, Arecanut
and Vegetables
India
Paddy, Wheat, Sorghum, Pearl millet, Maize, Cotton,
Groundnut, Jute, Sugarcane, Turmeric, Pulses, Oat, Gram, Pea,
Barley, Potato, Tomato, Onion, Oil seeds (like Rapeseed,
Sunflower, Sesame, Mustard), Cucumber, Bitter Gourd,
6

SAARC
Countries

Maldives
Nepal

Pakistan

Sri Lanka

Major Crops
Pumpkin, Watermelon, Muskmelon, Moong Dal, Coffee,
Tobacco, Coconut, Rubber, Fruits & Vegetables.
Coconut, Banana, Breadfruit, Papayas, Mangoes, Taro, Betel,
Chillies, Sweet Potatoes, Onions
Paddy, Wheat, Buck Wheat, Barley, Maize, Millets, Lentil,
Chickpea, Pigeon Pea, Black Gram, Grass Pea, Horse Gram,
Soybean, Mustard, Sunflower, Groundnut, Sesame, Linseed,
Niger, Cardamom, Ginger, Garlic, Turmeric, Chilli, Potato,
Tobacco, Sugarcane, Jute, Cotton, Tea, Coffee
Wheat, Paddy, Cotton, Sugarcane, Sorghum, Maize, Pearl
millet, Barley, Grams, green gram, Lentil, Rapeseed, Mustard,
Sesamum, Groundnut, Linseed, Castor
Paddy, Sugarcane, Coconut, Tea, Rubber

Major cereal producing countries in the region are India, Bangladesh, Pakistan,
Nepal and Afghanistan (Table 5). Other countries contribute less in cereal crops.
India accounted for 74% of the area under cereal production and produced 72% of
total cereals produced by SAARC countries in 2014.
Table 5. Area, production and productivity of cereal crops in SAARC Countries in
2014
Countries
Area (ha)
Production (MT)
Productivity (kg/ha)
Afghanistan
3344733
6.75
2018
Bangladesh
12073173
55.75
4618
Bhutan
53324
0.17
3130
India
98979000
295.36
2984
Maldives
79
0.00019
2405
Nepal
3480052
9.5
2748
Pakistan
13959878
38.39
2750
Sri Lanka
953655
3.63
3802
Source: www.fao.org
Status of Farm Mechanization in SAARC Countries
Afghanistan
Afghanistan produces less food than its people need. Many Afghan farmers use
oxen and human labour to plough the land and plant seed. The 50 tractors are the
continuation of an effort to mechanize agriculture in Afghanistan and increase the
7

productivity of mid-sized farms that grow produce for the Afghan market. The
joint effort between Afghanistan’s Ministry of Agriculture, Irrigation and
Livestock; the U.S. Agency for International Development and International Relief
and Development is working together to provide up to 6,000 tractors to Afghan
farmers. These tractors will increase the input use efficiency of farms that use
them. Only 12% of Afghanistan’s land is suitable for growing crops and most midsized Afghan farms are small, fragmented, hilly fields where the smaller, twowheel tractors are more effective than four-wheel tractors.
Bangladesh
Bangladesh has achieved self-sufficiency in rice production, which could not be
possible without farm mechanization of some of the important farm operations.
Starting from 1950-51, irrigation was the first operation that was mechanized. For
threshing rice, Japanese type pedal threshers and for weeding in wet-lands,
weeders were introduced to a limited scale. Tillage was the next operation that was
mechanized. The present cropping intensity of 181% could not have been achieved
without mechanization of tillage operation. Tractors and power tillers were
introduced in 1970. At present about 85% of land preparation is done mainly by
power tillers and to some extent by tractors.
As pedal thresher proved inadequate to thresh bulk production of rice, power
threshers have been developed and it is estimated that more than 60,000 are in use
in the country. Entire maize shelling is done by power corn sheller. Total number
of agricultural labourers now engaged in farming has more than doubled in
comparison to what it was in 1950s. Yet labour shortage becomes acute during
sowing/planting and harvesting seasons. These two operations need immediate
mechanization. Wages of agricultural labourers were so high that use of imported
rice transplanters, reapers and combine harvesters became cost effective and
farmers are using those in limited areas. It is expected that these two operations
would be mechanized shortly throughout the country. If all the modern agricultural
technologies that are available in Bangladesh are adopted judiciously, it is
expected that in spite of 1.36% population growth and 1% reduction of cultivable
land every year, farmers, agricultural scientists and extension personnel will be
able to feed the growing population. Table 6 shows the annual market size of
agricultural machinery and table 7 shows the number of farm machinery in
Bangladesh.
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Table 6. Existing (annual) market size of agricultural machinery
Agricultural Machineries
Annul market size (million Taka)
2011
2012
2013
2014
2015
Power Tillers
4200
4025
3000
4200
4375
Tractors
5525
4140
3996
4025
4375
Pumps (STW)
1400
1600
1050
1225
1120
Engines (STW, Thresher, Corn 21600
30000 21750 22500 23760
Sheller)
Thresher (ODT & CDT)
3320
4070
5216
5302
5369
Corn Shellers (Spike Pinion
107
142
215
268
341
type & Spiral Rasp-bar
Cylinder type)
Sprayers (Local)
126
420
428
450
458
Sprayers (Imported)
30
45
47
56
59
Spare Parts (local)
20000
20600 20800 21000 21300
Spare Parts (imported)
6000
5400
5400
5300
5400
Sub-total
62308
70442 61901 64326 66557
Repair & Maintenance of old
8841
10609 12731
18333
15277
machines
Total market size
71149
81051 74632 79603 89955
Bangladesh also has a long history of small-scale rural mechanization in which
small engines in rural areas have powered boat and road transportation, pump-sets,
and 2 wheel tractors, among other usages. Before independence, the irrigation
policy in Bangladesh concentrated on large-scale canal systems and deep tubewells but at least half the land being irrigated by local small-scale equipment such
as swing buckets and dhones. Large heavy engines were used for low-lift pumps in
the public and private sectors where rural entrepreneurs were selling water.
Table 7. Status of farm machinery in Bangladesh
Name of Machinery
Number of Machinery
Power tillers
About 700,000
Tractors
>60,000
High speed rotary tillers
>4,000
Weeders
>2,50,000
Seeders
>1,000
Transplanter
>150
Seed-cum-fertilizer distributors
About 60
Sprayers
12,50,000
Combines
About 130
Reapers
About 500
9

Name of Machinery
Open drum threshers
Close drum threshers
Winnowers
USG Applicators
Dryers
Hand maize shellers
Power maize shellers
Deep tube wells
Shallow tube wells
Low lift pumps
Manually operated pumps
Traditional pumps

Number of Machinery
2,80,000
About 50,000
About 3000
16,000
About 600 (including rice mill dryer)
12,000
3000
24,718
9,25,152
77,784
10,801
64,235

Source: Bangladesh Bureau of Statistics; BRRI; BAU; DAE

Bhutan
Agriculture is Bhutan is constrained by many challenges, recent survey showed
that 53% of the farmers consider labour shortage as the major constraint (Figure 4).
As such farm mechanization as labour saving technologies has been steadily
gaining importance in Bhutan since the establishment of Agriculture Machinery
Centre (AMC) in 1983 with the farm mechanization implementation guidelines. Its
major objective was to identify and promote labour saving farming technologies.
In the implementation guidelines, AMC has to take up the activities as a package
until the time the activities were not economically viable to be taken up by private
agencies. The component activities were to be discontinued if the private
entrepreneurs came into existence so that competition would be avoided. The
services were to be made available at subsidized prices on transportation and back
up services, uniformly throughout the country.
Farm mechanization is generally accepted as the solution to alleviate the growing
farm labour constraint and the drudgery associated with it. The activities carried
out were in an integrated manner wherein all the necessary component activities
were implemented as a package. The success of farm mechanization in Bhutan
could be attributed mainly to the promotional strategy of pursuing in a holistic
manner. The introduction of farm mechanization have been backed up by training
in the operation and maintenance and prompt after sales services in terms of the
installation, maintenance, repair and ensuring that the spare parts were readily
available. In a country with weak private sector and lack of other strong
stakeholders, complete packaged interventions with all supporting components
implemented almost only by the state become essential as an intermediate measure.
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Figure 4. Percentage of farming households in Bhutan affected by various
constraints (2016)(Source: Agriculture Statistic, 2016)
Prior to June 2016, all components of the farm mechanization activities were
carried out by AMC. In an attempt to improve efficiency of the provision of the
mechanization services to the farmers, the Ministry of Agriculture & Forests
(MoAF) has corporatized the machinery hiring and the back-up support services
from July 2017. A number of farm machinery service centres have been
established at various locations placing fleets of machines with operators.
Farm mechanization promotion in Bhutan has three targets:
-

to sale farm machines to farmers so that they can perform the agricultural
works themselves.
to provide services on hire to those farmers who cannot avail to invest in
farm machines.
to establish state owned large farms to be operated commercially through
mechanization

In pursuit of the second and third targets, the Farm Machinery Corporation Limited
(FMCL) maintains fleets of machines at their service centres. Table 8 shows the
sale of the farm machines and table 9 shows the list of machines under each
regional centre of FMCL.
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Table 8. Major agricultural machines (Nos.) supplied to farmers
Sl. No.
Description
Total for last 10 years i.e.
Total from 1983
2007-17
1 Tractor 40hp & 52HP
38
125
2 Tractor 16hp & 18HP
61
187
3 Power tiller
3178
5504
4 Power thresher
0
189
5 Power Reaper
74
162
6 Power sprayer
8
128
7 Paddy transplanter
131
184
8 Water pump
39
255
9 Brush cutter
0
410
10 Oil mill set
185
367
11 Rice huller
1791
5286
12 Flour mill
1703
5111
13 Corn flake machine
458
705
14 Mini tiller
268
272
15 Mini flour mill
1866
1866
16 Mini rice mill
900
900
Table 9 presents the agricultural machines supplied to the farmers from 1983 and
also within the last 10 years (2007-17). From the table 8 it can be seen that the
major interventions have been in the post-harvest processing followed by that for
land preparation. There have been minimal interventions for some of the field
operations such as transplanting, weeding and harvesting. One of the main reasons
has been that post-harvest machines and the land preparation machines are used
throughout the year and are worth for the investment. The other machines are only
seasonal for very short duration lasting only about 2-4 weeks even if custom
services are provided such as in the case of harvesting in Paro. Rest of the year the
machine remains idle.
The gradual increase in areas under mechanization taken up by the Farm
Machinery Corporation Limited is shown in table 9. The current decade has also
seen a sudden surge of the supply of the farm machines by private firms. More
than 3000 units of 12 hp power tillers have been supplied within the last 10 years
besides many other machines. The recent years have seen the rising active private
enterprises dealing in the farm machinery sale.
Accordingly, service oriented activities namely procurement and supply,
installation, repair & maintenance, the sale of spare parts, and the hire service of
farm machines, which are commercial in nature have been handed over to the
newly established Farm Machinery Corporation Limited by AMC. Large
12

commercial farms have been created under FMCL, mainly in the southern plains
with the objective to reap the benefits of large scale mechanization using bigger
machines.
Table 9. Major machines maintained for hiring and commercial farming by FMCL
Sl.
RFMCL RFMCL RFMCL
RFMCL
Particular
Total
No.
Bondey Bajo Khangma Samtenling
1 Power tillers
32
42
19
6
99
2 Tractors 18 hp
10
1
6
23
40
3 Tractors 34 hp ~60 hp
4
3
8
5
20
4 Combine harvesters
7
1
4
4
16
5 Power reapers
47
32
6
8
93
Transplanters (4 & 6
6
1
1
9
2
13
row)
7 Transplanters (2-row)
9
7
4
2
22
8 Water pump sets
4
5
2
1
12
9 Paddy threshers (Pedal)
6
0
0
3
9
10 Power paddy weeder
25
1
0
0
26
Bhutanese power
11
21
1
0
6
28
thresher
The demands for labour saving machines have always surpassed the availability.
The expansion of mechanization during 2010-17 has been rapid (Figure 5). The
trend is expected to continue for some more years. This has encouraged the private
sector to participate actively in the supply of the machines and subsequently, the
required back-up services. The mechanization intervention have been mainly in
land preparation, transplanting, harvesting and post-harvest processing focused on
cultivation of rice, maize, potato and to lesser extents on other crops such as oil
seeds. Some operations like weeding although most labour intensive, has not
received adequate intervention. The reason especially the introduction of the
herbicides reduced the labour requirement significantly in weeding particularly in
rice cultivation such that mechanical methods were not preferred. From recent
times however, the reducing efficacy and the increasing costs of the herbicides
combined with the importance placed on organic agriculture, the intervention to
either source in or develop appropriate weeding equipment have been revived. In
case of maize, it is cultivated in dry land on the slopes and usually inter-cropped
with other crops such as potatoes. This makes the introduction of conventional
mechanical weeders difficult.
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Figure 5. Area under mechanization (acres) taken up by AMC & FMCL through
hire service and commercial farms
The extent of adoption of mechanization varies with Paro leading and gradually
decreasing towards the east and the southern regions. The farm power input is
predominantly in the form of human energy and animal draft power. The use of
tractors and other machines although increasing rapidly, is still comparatively
lower than the other traditional methods which are either manual or using animal
draft power. They are concentrated in the plain areas and broader valleys mainly
constituting the wetland and generally terraced; highly dictated by the
accessibility. Exception is the stationary machines such as the post-harvest
processing machines which have seen almost uniform distribution throughout the
country based on the main crops of the locality.
The demands for new machines still continue as the location of the mills owned by
a farmer cannot conveniently cater to the neighbouring farmers, being often
difficult due to the dispersed locations. It is expected that the trend will persist as
there are many areas not yet reached either due to labour and accessibility or not
yet developed to allow the replacement of the manual and animal draft power by
machines. On the other hand, lack of accessibility by mobile transport machines
among farm households in a village, also have rather made individual ownership of
especially stationary machines comparatively more favourable. Therefore, as can
be seen from the supply, there is growing popularity of small capacity machines.
The investments on machines have not only alleviated the labour shortage and
drudgery, but also financially benefited the farmers by cash income from custom
works. The payback periods of most of the post-harvest machines are very short,
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thus making it economically viable. Economic viability is realized even for
household ownership and using only for one’s own milling as there is sufficient
saving in not having to pay out custom milling charges. Alleviation of the
drudgery involved in carrying the products to be milled to another place is an
added benefit. The benefits of farm mechanization can be shown from the saving
in time and the costs of the operations between the traditional methods and the
mechanized methods.
India
The agriculture sector in India has witnessed a considerable decline in use of
animal and human power (animate power) in agriculture related activities. The role
of tractors in India reflects the growing trend of tractorization in the country (Table
10). Custom hiring of farm equipment is a prevalent practice in India, especially
among small land owners for whom ownership of large farm machines is
expensive and uneconomical. Given the labour scarcity and the launch of several
Government programs, the adoption of farm mechanization is set to increase.
Table 10. Aspects of Indian agriculture (1960-2010)
Item
1960
1970
1980
Agricultural land (Mha)
133
140
140
Irrigation pumps (million)
0.4
3.3
6.2
Irrigated area (%)
19
22
28
Cropping intensity
1.15
1.18
1.23
Fertilizer use (kg/ha)
2
15
39
Grain yield (kg/ha)
700
860
1000
Tractors (thousands)
37
146
531
Area per tractor (ha)
3600
960
260
Power tillers (thousand)
0
9.5
16
Draft animals (million)
80.4
82.6
73.4

1990
143
12.9
33
1.30
88
1300
1200
120
31
70.9

2000
143
19.5
34
1.33
125
1600
2600
55
100
60.3

2010
142
25
35
1.39
150
1900
4000
36
155
50

Source: Singh (2013)

Different sources of power available on the Indian farms for performing various
mobile and stationary operations are mobile power viz. human, draught animals,
tractors, power tillers and self-propelled machines; and stationary power i.e.
diesel/petrol/kerosene engines and electric motors. While the population of
agricultural workers as percentage of rural population has gone down from about
69% in 1951 to about 55% in 2014-15 but in absolute terms, due to increase in
overall population, the number of agricultural workers available in rural areas
increased from 131 million in 1960-61 to 263 million in 2010-11 and
corresponding power increased from 6.55 million kW to 13.15 million kW in the
same period. It is estimated that number of agricultural workers will increase to
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about 336 million and power available from agricultural workers will be 16.84
million kW in 2032-33. (Tables 11 & 12).
Table 11. Farm power sources in India
Year
Population of farm power sources, million
Agricultural Draft animal Tractors Power Diesel
Workers
power
tillers engines
1960-61
131
80.4
0.037
0
0.23
1970-71
126
82.6
0.168 0.0096
1.70
1980-81
148
73.4
0.531 0.0162
2.88
1990-91
185
70.9
1.192 0.0323
4.80
2000-01
234
60.3
2.546 0.1147
6.226
2010-11
263
51.3
4.427 0.2943
8.134
2011-12*
266
50.4
4.843 0.3442
8.212
2012-13*
269
49.5
5.211 0.3801
8.290
2013-14*
272
48.6
5.653 0.4240
8.368
2019-20*
291
43.8
8.370 0.7000
8.860
2023-24*
304
40.9
11.000 1.0400
9.190
2032-33*
336
34.8
20.360 2.5300 10.030
**CAGR, %
1.13
-1.79
8.49
10.34
0.95

Electric
motors
0.20
1.60
3.35
8.07
13.25
17.488
17.873
18.245
18.606
21.07
22.89
27.57
2.09

* Estimated figures; ** Expected
Source: Singh (2015a); Singh et al. (2015); Anonymous (2015)

Over the years the annual use of draught animals has been declining. While earlier
a pair of animals was being used for about 1200-1800 hours annually, their average
annual use has now come down to about 300-500 hours only, that too for tillage,
sowing, weeding and rural transport. The population of draught animals during
1960-61 to 2032-33 is given in table 10. The declining trend of draught animal
power has been more visible in those states where the demand of tractors and
power tillers has been high. It has been observed that on an average a tractor is
replacing about 5 pairs of animals and power tiller about 2 pairs of animals.
Draught animal power availability in India decreased from 0.22 kW/ha in 1960-61
to 0.09 kW/ha by 2032-33 (Figure 6).
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Table 12. Farm power available from different sources in India
Year

Power available from different power sources, million kW*
Total
power
Agricultural Draft animal Tractors Power
Diesel Electric
Workers
power
tillers engines motors Million kW
1960-61
6.55
30.552
0.966
0
1.288
0.74
40.126
1970-71
6.30
31.388
4.385
0.054
9.520
5.92
57.567
1980-81
7.40
27.892
13.859 0.091
16.128
12.395
77.765
1990-91
9.25
26.942
31.111 0.181
26.880
29.859
124.223
2000-01
11.70
22.914
66.451 0.642
34.866
49.025
185.598
2010-11
13.15
19.494
115.545 1.648
45.550
64.706
260.093
2011-12**
13.30
19.152
126.402 1.928
45.987
66.130
272.903
2012-13**
13.46
18.81
136.007 2.129
46.424
67.507
284.336
2013-14**
13.60
18.468
147.543 2.374
46.861
68.842
297.689
2019-20**
14.55
16.644
218.457 3.920
49.616
77.959
381.146
2023-24**
15.22
15.542
287.100 5.824
51.464
84.693
459.842
2032-33**
16.84
13.224
531.396 14.168 56.168 102.009 733.803

* Power per unit area is total power available in million kW divided by total cultivated area
(142 million ha);** Estimated figures; Source: Singh (2015a); Singh et al. (2014); Singh et
al. (2015); Note: 1 Human= 0.05 kW; draught animal = 0.38 kW; tractor = 26.1 kW; Power
tiller = 5.6 kW; Electric motor = 3.7 kW; Diesel Engine = 5.6 kW.

Due to too much involvement of labour in different farm operations, the cost of
production of many crops in our country is quite high as compared to developed
countries. Human power availability for agriculture was about 0.046 kW/ha in
1960-61 which is estimated to be about 0.12 kW/ha in 2032-33.For meeting the
increased demand of mobile power for timely farm operations and increased
cropping intensity, additional power is available mainly from tractors and power
tillers. Self-propelled reapers and combines also provide mobile power specially
for harvesting operations. Number of tractors in India has grown from 0.037
million in 1960-61 to 5.946 million units in the year 2014-15. It is estimated that
number of tractors will increase to 20.36 million in 2032-33 (Table 10). Farm
power availability from tractor has consequently increased from 0.007 kW/ha in
1960 to 1.03 kW/ha in 2013-14 at an overall growth rate of 10% during the last 54
years. It is estimated that power availability from tractor will reach 3.74 kW/ha in
2032-33.
Over the years the shift has been towards the use of mechanical and electrical
sources of power. In 1960-61 about 93% farm power was coming from animate
sources, which has reduced to about 12.6% in 2010-11 (Figure 6). On the other
hand mechanical and electrical sources of power have increased from 7% to about
87.4% during the same period. It is estimated that by 2032-33 the share of animate
source will be reduced to 4.1% in total farm power.
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Figure 7. Animate and mechanical power scenario in Indian agriculture
[Source: Singh (2016)]

The operation-wise farm mechanization in the country is about 40% for tillage and
seedbed preparation, 30% for seeding/planting, 35-45% for plant protection, 6070% for harvesting and threshing for rice and wheat and less than 15% for other
crops (Table 13). The level of mechanization varies greatly by region. States in the
north (Punjab, Haryana and western Uttar Pradesh) have high level of
mechanization (70-80% overall; 80-90% for rice and wheat) due to high
productive land as well as declining labour force and also full support by state
governments. The eastern and southern states have lower level of mechanization
(35-45%) due to smaller and more scattered land holdings. In the north-eastern
states, the level of farm mechanization is extremely low mainly due to hilly
topography, high transportation cost of farm equipment, and socio-economic
conditions of the farmers.
Table 13. Extent of farm mechanization in different agricultural operations in
India
Operation
Level of mechanization (%)
Tillage and seed bed preparation
40
Seeding and planting
29
Plant protection
35-45
Irrigation
37
Harvesting and threshing (rice and wheat)
60-70
Source: Agricultural Engineering Division, Nepal Agricultural Research Council,
UNESCAP CSAM website
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The agricultural sector in India, for a long time, has depended on cheap and surplus
labour. Now, the situation is changing with more opportunities available in
factories and services as well as the Government’s rural employment creation
programs. Labour shortage is being experienced during peak seasons due to
enactment of the National Rural Employment Guarantee Act (NREGA) and huge
demand from the construction sector in cities. The overall work force in agriculture
and allied activities has been declining indicating a rise in secondary and tertiary
sectors. Labour is available at a higher cost per hectare and this would increase the
demand for mechanization. It has been observed that the percentage of agricultural
workers to total workers in India has been gradually declining from 59.1% in 1991
to 54.6% in 2011 (Table 14). It is expected to further decline to 49.9% in 2033 and
25.7% by 2050 leading to severe farm labour shortage.
Table 14. Population dynamics of Indian agricultural workers (No in Million)
Particulars
1991
2001
2011
2020* 2024* 2033*
Country's population
846.4 1,028.7 1,210.7 1,347.3 1411.5 1570.9
Total number of workers 313.7 402.2
481.7
553.2
587.6 674.9
Workers’ as percentage
37.1
39.1
39.8
41.06
41.63 42.96
of population, %
Number of agricultural
workers
including
185.3 234.1
263
290.99 304.37 336.76
cultivators
and
agricultural labourers
Agricultural workers’ as
percentage
of
total 59.1
58.2
54.6
52.6
51.8
49.9
number of workers, %
Women workers as
percentage
of 35.1
39.0
37.2
38.2
38.6
39.6
agricultural workers, %


Projected figures; Source: Vision 2050 Document of ICAR-Central Institute of
Agricultural Engineering, Bhopal, 2015.

Farm mechanization in India stands at about 40-45% and it is low in comparison to
US (95%), Brazil (75%) and China (57%). The farm power availability has grown
from 0.28 kW/ha in 1960-61 to 1.83 kW/ha in 2010-11 and expected to be
increased to 4.81 kW/ha in 2032-33. Level of mechanization for major crops in
different operations has been given in table 15.
The two major segments of equipment, tractor and power tillers have shown steady
growth over the years (Figure 8). India is considered as the largest tractor market
in the world. Amidst growing concerns about labour availability and shrinking
profitability of agriculture as an enterprise the need has been felt for appropriate,
affordable and energy efficient equipment and technology for cost effective
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production and processing of crops focused at increased yield, reduced cost of
cultivation, prevention of losses and value addition through location specific
management practices. The farmers have realized these advantages and
mechanization is on increasing trend in many parts of the country. However, the
type of equipment suitable for cultivation and the rate of introduction of new
equipment are to be considered with multi-disciplinary approach specific to the
site-specific needs. During the past four decades a large number of farm tools,
implements and machines have been developed for different farm operations and
are being used by the Indian farmers (Table 15).The scenario of farm
mechanization has certainly changed as the Indian agricultural equipment market
has experienced a rapid growth with expected strong potential for future growth as
well (Table 17).Availability of power operated and animal operated implements
with respect to the net cultivated area are shown in table 18 and table 19.
Table 15. Level of mechanization by crop and value-chain process
Crop
Paddy
Wheat
Potato
Cotton
Maize
Gram
Sorghum
Millets
Oilseeds
Sunflower
Fodder crop
Vegetable crop
Horticultural
crops

Seed bed
preparation
85-90
90-95
90-95
90-95
90-95
90-95
80-90
80-90
80-90
80-90
80-90
70-80
60-70

Sowing/plantin
g/transplanting
5-10
80-90
80-90
50-60
80-90
50-60
30-50
30-40
30-40
40-50
20-40
5-10
30-40

Weed and
pest control
80-90
70-80
80-90
50-60
70-80
60-70
60-70
60-70
60-80
80-90
80-90
80-90
40-50

Harvesting
and threshing
70-80
80-90
70-80
0
50-60
30-40
20-30
20-30
20-30
60-70
10-20
<1
<1

Source: Country Presentation Paper, Agricultural Machinery Manufacturers Association
(AMMA) India, 2014.
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(a)
(b)
Figure 8. Sales of (a) Tractors and (b) Power tillers
[Source: Singh et al. (2014); Singh (2015a); Kale (2015); Tractor Manufacturers’
Association (TMA); Power Tiller Manufacturers’ Association (PTMA)]

India’s small farms usually do not present an economic condition to permit the
extensive use of agricultural machinery. Given the constraint of short duration of
machinery use, the operational and capital costs may be optimized for the farmers
by making the machinery available to the farmers on custom hiring. Thus, even
small farmers may be able to get the benefit of farm mechanization.
Table 16. Number of farm machines in India
Number of farm machines available (‘000)
1992- 2003%
2013%
%
2031-32*
93
04 Increase 14 Increase
Increase **CAGR,
over
over
over
%
1992-93
2003-04
2013-14
Manually Operated Machinery
Sprayers
1827 2046
12.0
2214
8.2
2611.27
17.9
0.92
Animal Operated Machinery
Wooden
43464 44267
1.8
44997
1.6
46440.72
3.2
0.17
ploughs
Steel ploughs 12649 19622 55.0 25972 32.4 48205.13 85.6
3.49
Seed
drills/Seed472
963
104.0 1474
53.1
3908.61 165.2
5.57
cum-fertilizer
drills
Wet land
5151 8550
39.7 11640 36.1 23424.81 101.2
3.96
puddlers
Animal carts
15220 16577
8.9
17663
6.5
20056.07 13.5
0.71
Farm
Machinery
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Table 17. Number of farm machines in India (Contd.)
Number of farm machines available (‘000)
1992- 2003%
2013%
%
2031-32*
93
04 Increase 14 Increase
Increase **CAGR,
over
over
over
%
1992-93
2003-04
2013-14
Tractor/power operated machinery
Power operated
303
561
85.1
796
41.9
1823.82 129.1
4.71
sprayers/dusters
MB Ploughs
408
852
108.8 1328
55.9
3650.89 174.9
5.78
Cultivators
706
949
34.4
1170
23.3
1800.80
53.9
2.43
Disc harrows
531
913
71.9
1260
38.0
2642.02 109.7
4.20
Seed-cum390 1011 159.2 2852 182.1 15708.63 450.8
9.94
fertilizer drills
Planters
54
75
38.9
92
22.7
145.27
57.9
2.57
Levellers
1057 1827
72.8
2343
28.2
4629.77
97.6
3.86
Threshers/Multi
2597 5309 104.4 7775
46.4 19898.79 155.9
5.36
crop threshers
Combines
(Tractor-drawn
8.5
20
135.3
59
195.0
311.06
427.2
9.67
and selfpropelled)
* Estimated figures; ** Expected: Source: Livestock Census (2003); Tyagi et al. (2010)
Farm
Machinery

Table 18.Annual market of major farm machines used in India
Items
Tractors
MB plough
Cultivators
Seed-ferti drills
Rice transplanters
Reapers
Combine
harvesters
Sprayers (TD)
Potato diggers

Numbers
450000 - 500000
45000 - 50000
150000 - 200000
60000 - 75000
2000 - 3000
10000 - 15000
3500 - 4000
10000 - 15000
25000 - 30000

Items
Power tillers
Rotary tillers
Harrows
Planters
Power weeders
Threshers
Trailers
Laser land levellers
Rotary hoes/Power
weeders

Source: Singh et al., 2015.
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Numbers
50000 - 60000
100000 - 120000
120000 - 150000
15000 - 25000
35000 - 40000
60000 - 75000
150000 - 175000
2500 - 3500
20000 - 25000

Table 19.Availability of power operated implements with respect to the net
cultivated area(no/1000ha)
Year

Sprayers
& dusters

Harrows

Thresher

Tillers

1972-73
0.249
0.398
1.4631
0.582
1982-83
0.884
1.347
7.3058
2.245
1992-93
2.131
3.734
18.2630 4.965
2002-03
3.810
6.218
35.8569 6.565
2012-13
5.459
8.651
53.1709 8.107
202223*
7.134
11.125
70.7360 9.689
202324*
7.302
11.381
72.5283 9.851
202425*
7.472
11.622
74.2776 10.007
203233*
8.990
13.850
90.2800 11.390
CAGR,
%
2.34
2.21
2.47
1.63
Source: Tyagi et al. (2010) & Agricultural Statistics at a
values

Ploughs

Planters

Levellers

0.405
1.019
2.869
5.708
9.040

0.064
0.221
0.380
0.517
0.636

0.348
2.951
7.433
12.472
16.292

12.343

0.750

17.261

12.663

0.765

17.132

12.967

0.772

16.941

15.800

0.870

15.720

2.50
1.46
-0.93
Glance 2011-2013. * Estimated

Table 20.Availability of animal operated implements with respect to the net
cultivated area(no/1000 ha)
Year
Wooden
Steel
Puddlers Seed drills
Carts
Cane
ploughs
ploughs
& planters
Crushers
1972-73
1982-83
1992-93
2002-03
2012-13
2022-23*
2023-24*
2024-25*
2032-33*
CAGR, %

0
294.783
305.654
312.989
317.260
323.100
323.846
324.363
330.67
0.23

0
50.770
88.952
134.469
178.934
224.253
228.909
233.407
273.90
2.02

0
17.954
36.224
58.364
80.021
102.059
104.320
106.508
126.06
2.16

0
41.247
54.191
69.306
83.771
98.033
99.462
100.822
112.77
1.41

0
98.418
107.032
116.579
124.011
131.288
132.047
132.705
138.55
0.54

0
4.939
5.345
6.027
6.716
7.438
7.514
7.585
8.230
0.98

Source: Tyagiet al. (2010) & Agricultural Statistics at a Glance. * Estimated values

The medium scale and large scale industries manufacture diesel engines, electric
motors, irrigation pumps, sprayers and dusters, land development machinery,
tractors, power tillers, post-harvest and processing machinery and dairy equipment
(Table 20). The marketing of agricultural machinery by these industries is through
their network of dealerships and, therefore, these manufacturers are able to provide
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effective after-sales service. These industries upgrade their product and process
technologies through their own R&D efforts, in addition to technological support
from external agencies.
Table 21.Status of farm machinery industry in India
Farm machinery
Number of manufacturing units
Agricultural tractors
22
Power tillers
5
Irrigation pumps
600
Plant protection equipment
300
Combine harvesters
48
Reapers
60
Threshers
6,000
Seed drills and planters
2,500
Diesel oil engines
200
Plough/cultivators/harrows
5,000
Chaff Cutters
50
Rural Artisans
>1 Mn
Source: Singh, Kanchan K., 2014. Presentation during 2nd Regional Forum on Sustainable
Farm Mechanization at Serpong, Indonesia 9-11, September 2014.

There are about 250 medium to large scale units, 2,500 small scale industries,
15,000 tiny industries and 100,000 village level artisans in India. Most of them are
under un-organized sector except the tractor and power tiller industries. There was
no ways to pass on Govt. benefit schemes to these industries.
The timeliness of operations has assumed greater significant in obtaining optimal
yields from different crops, which has been possible by way of mechanization. It is
apparent from table 21 that the cropping intensity increases with increase in per
unit power availability. The adoption and application of package of farm
machinery and technology for farm mechanization has significantly contributed to
improve the cropping intensity and farm produce during the last 40 years and its
positive relationship with availability and growth of farm power is depicted in the
figure 9.
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Table 22. Cropping intensity and power availability on Indian farms
Year
Cropping Food grain
Power
Power per Net sown area
intensity productivity available
unit
per tractor
(%)
(t/ha)
(kW/ha)
production
(ha)
(kW/t)
1965-66
114.00
0.636
0.32
0.50
2162
1975-76
120.30
0.944
0.48
0.51
487
1985-86
126.80
1.184
0.73
0.62
174
1995-96
130.80
1.499
1.05
0.70
82
2005-06
136.54
1.715
1.49
0.87
45
2010-11
139.56
1.930
1.83
0.95
34
2011-12
138.77
2.079
1.92
0.92
31
2012-13
138.92
2.129
2.02
0.95
29
2013-14
139.29
2.200
2.10
0.95
27.24
2019-20*
141.40
2.650
2.68
1.01
18.7
2023-24*
142.82
3.000
3.24
1.08
14.55
2032-33*
146.06
3.960
5.17
1.31
8.27
**CAGR,%
0.25
3.14
4.78
1.41
-6.08
* Estimated values; ** Expected
Source: Singh (2015); Agricultural Statistics at a Glance, 2015

Food grain productivity in India has increased from 0.636 t/ha in 1965-66 to 2.20
t/ha in 2013-14, while farm power availability has increased from 0.32 kW/ha to
2.10 kW/ha during the same period. It is estimated that food grain productivity and
farm power availability will increase to 3.96 t/ha and 5.17 kW/ha by 2032-33
(Table 21). The relationship between food grain productivity and unit farm power
availability for the period 1960-61 to 2032-33 have shown a linear function, with
highly significant value of coefficient of determination (R2 = 0.99). It is also
evident that farm power input has to be increased further to achieve higher food
grain production, the composition of farm power from different sources to be
properly balanced to meet its timely requirement for various farm operations.
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128
Power available
(kW/ha)
Productivity (t/ha)

108
88
68
48
28
2032-…

2023-…

2019-…

2013-14

Year

2012-13

2011-12

2010-11

2005-06

1995-96

1985-86

1975-76

8

Cropping Intensity (%)

148

1965-66

Power availability (kW/ha),
Productivity (t/ha)

5
4.5
4
3.5
3
2.5
2
1.5
1
0.5
0

-12

Figure 9. Farm power availability and average yield of food grains and cropping
intensity in India during 1965- 2033 (* Estimated values)
The overall mechanization level in India is only 40-45% even though 90% of the
total farm power is contributed by mechanical and electrical power sources. The
average farm power availability needs to be increased to a minimum of 2.5 kW/ha
by 2020 to assure timeliness and quality in field operations, to undertake heavy
field operations like sub-soiling, chiseling, deep ploughing and summer ploughing.
The concerted efforts have resulted in the mechanization of critical farm operations
of major crops in different states. This has also resulted in generating employment
to rural youths and artisans for the production, operation and maintenance of these
machines. Due to significant and continuous reduction of the workforce in
agriculture, higher levels of farm mechanization are necessary for sustainable
productivity and profitability.
Status of farm mechanization in Maldives
Traditional agricultural production in the Maldives is limited by poor soil, a low
level of arable land, and a geographically split landmass which disallows largescale commercial farming. In 1995, only 3,000 hectares of arable land was under
permanent crops. However, a number of crops are grown for domestic
consumption. These include coconuts, bananas, breadfruit, other exotic fruits,
betel, chilies, sweet potatoes, and onions. Until the development of the tourist
industry, the fisheries sector was the Maldives principle economic activity and
source of export earnings. In addition, it is the second largest source of foreign
exchange and provides more than 10% of GDP. The government established the
Maldives Fishing Corporation in 1979 to exploit the country's vast fisheries
resource. The use of fishing nets is illegal, and as a result, the more labour
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intensive traditional method of fishing by line and pole dominates. Although
traditional small boats made of coconut wood remain in use, most are used in
conjunction with outboard motors. The mechanization of the fishing fleet has been
combined with the introduction of Fish Aggregating Devices (which allow the
detection of shoals of fish).
Nepal
Agricultural mechanization in Nepal has been reported slow, and farm
mechanization rate is estimated at 40% with highest (61%) in Terai, low in hills
(15%) and the lowest (2%) in mountains (Tomeco and KC, 2012). Out of the total
2.65 million hectares of arable land, only 1.03 million has been mechanized, and
that too largely through 2-wheelers and 4-wheelers based on utilization of tractor
power. The traditional wooden tools and implements have continued to remain in
use in the hills and mountains. There has been some improvement in their design
and performance capabilities over time. Due to the lack of physical facilities (viz.
road networks and electricity) and cultivation in narrow terraces in hilly areas, hill
agriculture is mainly depended upon human and animal power. Indigenous wooden
plough, local hoes, sickle are the major implements/tools used for agricultural
operations. In the valleys near the road heads it is observed that farmers have
started using power tiller for tillage operation and it is spreading along with the
extension of rural road.
Due to increasing cultivation of vegetables near urban and peri-urban areas hand
sprayers are common in practice for plant protection. The paddy sheller and
polisher and mechanical grinding mills are found to be adopted in majority of
villages of terai and hills. However in the mountains, still the milling is found to be
performed in local devices such as mortar & pestle, quern and traditional water
mills. In terai, farm mechanization related tools used are manual tools, animal
drawn implements (ploughs, harrows, and cultivators) and mechanical power
operated machinery. Traditional farm tools and equipment are still found to be
widely used in terai. Spade, hoe, axe, sickle etc. are major hand tools used. Animal
drawn traditional as well as improved implements are found to be used in
agricultural operations in terai. Traditional wooden plough, iron mould board
plough, disc harrow, wooden plank etc., are major animal drawn implements. More
than 51% of holdings in terai own and use animal drawn iron plough due to
increased field efficiency than traditional plough and easy availability in border
towns. Animal power is also widely used for threshing through tramping action.
Similarly, bullock-carts with traditional type (wooden wheel) as well as improved
type (rubber tyre wheel) are common in terai, as 12% of the holdings own bullock
cart in terai. Diesel pump-sets are also found to be commonly used for pumping
water in terai. 4-wheel tractors as well 2-wheel power tillers are being increasingly
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used for tillage (with ploughs, harrows, cultivators, and rotary tillers) and
transportation. Use of threshers and combine harvesters (rice and wheat) is also
increasing for harvesting and threshing operation.
Pakistan
Farm mechanization has been selective in Pakistan and only those operations have
been mechanized for which there is constraint of labour or power or a combination
of both. The effects of mechanization have overall been positive. It has not only
increased on-farm income and labour productivity but also generated off-farm
employment in manufacturing, supply, servicing of agricultural machinery, supply
of other inputs and post-harvest handling of increased agricultural production.
The most popular farm machines in Pakistan include bulldozers, power rigs, tube
wells and tractors with cultivators, wheat threshers, sprayers and trailers. Mould
board ploughs and disc ploughsare gaining popularity for deep tillage. Bulldozers
and power rigs are operated and maintained by the public sector on subsidized
rates to the farmers whereas tractors and other machines are owned generally by
large and medium farmers. The medium farmers provide their tractors and other
farm machines on rental basis to their neighbouring small farmers in addition to
their own use. Table 22 shows the number of tractors and important tractor
operated machinery available in the country through 1975 to 2004. It reflects
increasing trends of their use.

1975
1984
1994
2004

35714
157310
252861
401663

31619
146863
236272
369866

Threshers

Trailers

Ridgers

Drills/
Planters

Disc
Ploughs

Bar / Disc
Harrows

Mold Board
Ploughs

Census
Tractors
Year

Cultivators

Table 23. Ownership of selected tractor drawn machinery in Pakistan (Numbers)
Machinery

2734 2373 2938 1174 1174 18074 5635
7319 8140 6355 11251 4711 98787 78377
28413 13233 20372 64126 10987 176412 112707
40050 23764 29218 70810 71338 242655 137270

At present, most of the crop production operations including tillage and seedbed
preparation are partially to fully mechanized in Pakistan except for sowing
operation of sugarcane, rice and maize on furrows which are performed mostly by
manual labour. Harvesting operation of cotton and sugarcane is also not yet
mechanized (Table 23).
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Table 24. Mechanization status of crop production operations in Pakistan

Maize

Potato

Pulses

Simimechani
zed
Semimechani
zed
Semimechani
zed
Semimechani
zed

Inter-culture

Low
mechani
zed
Highly
mechani
zed
Low
mechani
zed
Semimechani
zed
Low
mechani
zed
Highly
mechani
zed
Low
mechani
zed

Nil

Highly
mechani
zed
-

Semimechani
zed
Semimechani
zed
Highly
mechani
zed
Low
mechani
zed

Threshing

Sugarc
ane

Semimechani
zed
Semimechani
zed
Semimechani
zed
Semimechani
zed
Semimechani
zed
Semimechani
zed
Low
mechani
zed

Harvesting

Rice

Low
mechani
zed
Semimechani
zed
Nil

Spraying

Cotton

Highly
mechani
zed
Highly
mechani
zed
Highly
Mechani
zed
Highly
mechani
zed
Highly
mechani
zed
Highly
mechani
zed
Semimechani
zed

Irrigation

Wheat

Sowing

Land
Preparation

Crop

Semimechani
zed
Nil

Highly
mechani
zed
-

Semimechani
zed
Nil

Semimechani
zed
-

Low
mechani
zed
Semimechani
zed
Low
mechani
zed

Highly
mechani
zed
-

Highly
mechani
zed

In private sector, tractor manufacturers have made significant contribution in
indigenization of tractors by substituting substantial quantities of imported
components. Local manufacturing of tractors has not only saved foreign exchange
but also provided employment opportunities by establishing assembly lines at
tractor manufacturers’ premises and through vending industries. There were five
firms which were licensed initially for assembly/local manufacturing of tractors in
collaboration with the foreign firms of different makes, namely; Massey Ferguson,
Fiat, Belarus, Ford and IMT. There are however, two firms (M/s Millat Tractors
and M/s Al-Ghazi Tractors) which are at present, mainly engaged in tractor
manufacturing in Pakistan with their combined installed manufacturing capacity of
65,000 units/year. These manufacturers have achieved around 90% substitution of
their popular imported models.
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Out of around 570,400 tractors are in operation in Pakistan 92% have cultivators,
30% have MB ploughs, 15% have disc ploughs, 5% have chisel ploughs, 15%
have rotary tillers, 25% have disc harrows, 5% have ridgers and 20% have seed
drills. Total farm power available in Pakistan is 1.11 kW/ha excluding tube wells
and 1.53 kW/ha including tube wells (Table 24).
Table 25. Farm power availability in Pakistan
Power Source
Numbers Power
(million) (kW/unit)
Agricultural labourers
Work animals
Medium size tractors (80% of
total)
Large size tractors (20% of
total)
Tube wells (diesel, electric,
others)
Total power (million kW)
Total power (million kW),
excluding tube wells
Power available for cultivation
(95% assumed), excluding
tube wells
Total cultivated area (million
ha)
Power available (kW/ha),
excluding tube wells
Power available (kW/ha),
including tube wells

27.54
2.42
0.46

Power
Share of each
available
power source
(million kW)
(%)
0.075
2.07
5.82
0.400
0.97
2.73
37.000
16.88
47.48

0.11

51.000

5.82

16.37

13.15

7.457

9.81

27.60

35.55
25.74
24.45

22.01
1.11
1.53

The number of farm machinery manufacturers in the year 1959 was 15. As a result
of liberal government policies such as rebate on import duty for raw material,
exemption/reduction of sales and income tax, their number increased to around
600. Local farm machinery industry is producing farm implements/machines for
land development, seedbed preparation, crop establishment, crop protection and
interculture, harvesting and threshing, and farm produce haulage. The extents of
local contents of agricultural machines produced in Pakistan are given in Table 25.
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Table 26. Indigenization status of farm machinery manufactured in Pakistan
Items

Origin

Tractors
Belarus MTZ-510 (41kW)
NH-480 (37 kW), NH-640 (48 kW), NH-70-54 (63
kW), NH- 55-56 (41kW )
IMT-565 (44 kW), IMT-549 (37 kW), IMT-577((57)
MF-240 (37 kW), MF-350 Plus (37 kW), MF-260
(45 kW), MF-360 (45kW), MF-375 (56kW), MF385 (63kW)
Power tillers
Land development implements
Front and rear blades, land leveller, cultivator, laser
land leveller, scrapers, ridger, post hole digger
Seeding/planting machinery
Seed drill, potato, maize, cotton and groundnut
planters
Weeding and hoeing implements
Bar harrow, rotary weeder, row crop weeder and
sweep cultivator
Primary tillage implements
Moldboard plough, chisel plough and sub-soiler
Disc plough
Secondary tillage implements
Disk harrow
Disk harrow, border disk

Rotary tillers
Harvesting machinery
Reaper-windrower, potato digger, groundnut digger,
groundnut thresher
Combine harvesters

Threshing machinery
Wheat thresher, multi-crop thresher, sunflower
thresher, maize sheller and rice thresher
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Local
Manufacture
(%)

Belarus
Italy

30
85-94

Yugoslavia
UK

70
82-93

China

20

Pakistan

100

Pakistan

100

Pakistan

100

Pakistan
Spain/Pak.

100
60

Pakistan
Australia,
Brazil,
Spain
Pakistan

90
80

100

Pakistan

100

West
(replaced
parts)

10

Pakistan

100

Crop residue handling &haulage machines
wheat straw chopper, Trolley
Others
Cane crusher, chaff cutter, grain dryer, pumps,
ditcher, sprayers and broadcasters
Diesel engine (high speed)
Milk production machinery
Farm level food processing machinery
Machinery livestock and poultry
Lawn mowing machinery
Horticultural equipment

Pakistan

100

Pakistan

100

China
Turkey
Different
Different
Different
Different

60
90
100
100
100
100

The organizations dealing with the issues related to farm mechanization in
Pakistan include: Ministries of National Food Security & Research, Industries and
Production; Science and Technology; Commerce and Textile; Planning,
Development and Reforms; Research and Development institutions, mainly
Agricultural & Biological Engineering Institute (ABEI), NARC, Islamabad under
Pakistan Agricultural Research Council (PARC) at Federal level, Agricultural
Mechanization Research Institute (AMRI), Multan under Government of Punjab,
Agricultural Mechanization Research Cell (AMRC), Tandojam under Government
of Sindh, Centre for Agricultural Machinery Industries, Mian Channun under
Government of Punjab and Agricultural Light Engineering Program (ALEP),
Mardan under Government of Khyber Pakhtunkhwa; agricultural machinery
manufacturers; financial institutions; federal and provincial autonomous bodies;
provincial directorates of agricultural engineering; and, agro-services providers.
Both ABEI and AMRI are involved in testing and evaluation of local and imported
farm machines, development of new machines/adaptation of imported machines to
local conditions, improvements in locally manufactured machines and provision of
technical assistance to local farm machinery manufacturing industry. Salient
achievements of the ABEI and AMRI are summarized in table 26.
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Table 27. Mechanization technologies developed & commercialized by the R&D
Institutions in Pakistan
Description

Mechanization
technologies
developed and
commercialized

Mechanization
technologies
being developed

Agricultural & Biological
Engineering Institute (ABEI),
NARC, Islamabad
Tractor front mounted reaperwindrower,
groundnut
digger,
groundnut
thresher,
sunflower
thresher, soybean thresher, paddy
thresher, pneumatic row crop
planter, zero-till drill, fertilizer band
placement drill, canola thresher,
wheat straw chopper-cum-blower,
milking machine, mobile seed
processing unit, and olive oil
extractor.
Pak seeder, PTO disk plough,
vegetable planter, turmeric dryer,
solar-cum- gas fired dryer, mini seed
cleaner-cum grader, flat bed dryer
for canola, sunflower & maize, date
dryer, mango picking & pre-cooling
technology machine, nursery raising
plant, hot-water treatment plant for
eradicating mangoes fruit fly
infestation, and wood shredder,
maize fodder cutter and shredder,
mobile high capacity sugarcane
crusher and psyllium processing
machinery.

Agricultural Mechanization
Research Institute (AMRI),
Multan
Seed drills, planters, ridger, bed
shaper,
weeders,
wheat
thresher, rotary slasher, potato
planter, groundnut digger,
maize sheller, rotary tiller,
boom
sprayer,
fertilizer
spreader, axial flow pump, seed
cleaner grader, hand dibbler,
furrow bed/shaper planter, soil
hard pan tester, bullock drawn
implements, and mobile bhoosa
chopper and baler.
Trencher, fodder cutter bar,
sugarcane
base
cutter,
pneumatic drill, rotary ditcher,
briquetter, ejector pump, biogas
plant, groundnut sheller, seedbed finisher, stubble shaver,
and orchard sprayer.

Out of the total, 7.88 million farms (95%) reported cultivated area their farms at
the country level, amongst them6.04 million farms (77%) had reported use of
tractors only for cultivation of land, covering an area of 37 million acres i.e. 77%
of total farm area. There were another 1.55 million farms (20%) reporting use of
both tractor and animals for cultivation, covering an area of 9.93 million acres
(20%).The use of bullocks/other animals for cultivation of land had been reported
only by 0.29million farms (3%), covering an area of 1.28 million acres, i.e.3% of
the total farm area. The use of tractors and draught animals for cultivation of land
in various provinces is given in table 27.
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Table 28. Use of tractors and draught animals for cultivation of land in Pakistan
(Number in Million and Area in Million Acres)

Administrative
Unit

Farm reporting
Cultivated Area
Number

Farm
Area
48.21
28.88

Farm Reporting Use of Machinery
Tractor and
Draught
Tractors
Draught
Animals
Animals
Farm
Farm
Farm
Number
Number
Number
Area
Area
Area
6.04
37.00 0.29
1.28 1.55
9.93
4.18
23.67 0.06
0.22 0.86
1.45

Pakistan
7.88
Khyber
5.10
Pakhtunkhwa
Sindh
1.06
9.47
0.82
Balochistan
0.28
4.61
0.18
Source: Pakistan Agricultural Census, 2010

7.17
2.90

0.04
0.01

0.36
0.14

0.20
0.09

1.93
1.56

Tillage operation for most of the crops is almost fully mechanized, but for sowing
of maize, cotton, vegetables, rice transplanting, women still partner with men in
performing these operations. Vegetables are manually transplanted. Cotton and
maize planters are available, but about 80% maize and 50% cotton is planted on
ridges by manual dibbling method. Bed and furrow planters, pneumatic row crop
planters are also being used. About 70% wheat and almost all grasses are manually
broadcasted. In paddy harvested fields, zero till drill is used for wheat sowing.
Row crop weeders and sweep cultivators are used for interculture operation.
Weeding operation in sugarcane and maize crops is 80% mechanized. The use of
pre and post-emergence herbicides is getting popular. For harvesting of wheat and
rice, reaper-windrowers and combine harvesters are replacing women labour force.
Harvesting of wheat has been about 70% mechanized using reapers-windrowers
and combine harvesters. For small family farms, pulses are still harvested by
women. About 80% cotton and vegetables are still picked by women.
In 1960s, women used to harvest groundnuts and potatoes with khurpa, but now
groundnut and potato diggers are available and women are not that much involved
in digging operation. Before the advent of mechanization technologies, women
used to help men in threshing and cleaning of different crops, but now these
operations are almost fully mechanized. On small family farms, fodder cutting and
chopping is mostly done by women. There have been incidents of farms accidents
involving women and children caused by unsafe fodder chopping machines.
There is a need for developing small farm machines to be used by women such as
dibblers for sowing vegetables, maize and cotton. Most of rice is transplanted by
women. There is a need to develop mini transplanters to be used by women.
Similarly there is a need to develop appropriate machines for vegetables and cotton
picking by them.
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Farm size is decreasing and number of small farmers is increasing. Small land
holdings and resource-poor economic conditions of small farmers are a challenge
for adoption of mechanization technologies due to higher initial cost. There are
inadequate custom hiring services available to small farmers and they have to wait
for neighbouring tractor owner farmers to cultivate their land because farm
machinery rental service providers prefer big land holders for lending their
machinery and consequently farming operations by small landholders get delayed.
Sri Lanka
Despite its high cost and high profile, mechanization is still only an input like any
other such as fertilizer, seed and crop protection chemicals, and is one of a mix of
management tools a farmer has available to maximize production and profit.
Therefore, in a free market situation, it is inappropriate for governments to have an
individual policy on mechanization except as a component part contributing
towards the realization of broader agricultural policy. Level of mechanization of
different crops in Sri Lanka is classified as follows:
-

Paddy cultivation - Highly mechanized
Vegetable cultivation - Low level
Other field crops - Moderately mechanized
Fruit sector - Low level
Plantation crops - Low level
Spices - Very low

Thanks to tractors, nearly 95% of land preparation is now mechanized. The initial
land preparation can be practiced just after land preparation. However usage of
machinery for plant establishment is still not satisfactory. After launching several
projects over 500 transplanters are now in field. One transplanter can cover up to
50 acres per season. Farmers of Southern part of the island prefer to use FMRC
box seeder. Dry sowing is practiced in northern part of the island and farmers
request and farmers request dry sowing seeders. Seeders imported from India have
been tested and successful. Yet to be introduced through extension mechanism.
Dry sowing need less energy for land preparation. As transplanting need much
water, use of seeders will reduce use of scare water resources.
Much water is need for land preparation as lands are not properly levelled. Laser
levelling can be introduced for land levelling. Two levelers are bought and another
two will be purchased for trails and extension. Due to labour shortage and huge
labour cost, bund forming is neglected or poorly done. Bund forming machines
have to be introduced. Machine will be purchased under National Food Production
Program this year for trails and testing.
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Zero Tillage reduces soil erosion. FMRC has introduced Injector Planter for
Maize, Dry Sowing seeder for paddy. The injector planter is designed to coupled
for both two and four wheel tractors. Through extension programs these machines
are becoming popular and now several hundred is in the field especially in Uva
province. These machines are locally fabricated by small scale manufacturers
registered at FMRC.
Use of Organic fertilizer Enhances soil quality, water retention and soil functions,
increasing the system’s potential to overcome climate shocks. FMRC introduced
multi chopper for compost making in 1990’s. Machine gain much popularity hence
several local manufacturers fabricate machine locally. But now there are cheaper
imported machines in the market. Table 28 shows the annual agricultural
machinery production/import by 2016 in Sri Lanka.
Table 29. Annual agricultural machinery production/import by 2016 (approximate
values)
Machine/Equipment

Single axle tractors
(SAT)
Twin axle tractors
(TAT)
SAT trailers
TAT trailers
Sprayers
Irrigation pumps
Ploughs for TAT
Animal drawn ploughs
Threshers
Winnowing fans
Mammoties
Sickles
Combine harvesters

Units
imported
(annual
average)

Units produced
locally (annual
average)

Approximate
average value of
a machine
(USD)

-

10,000

2,600

-

8,000

12,500

5000
1000
10,000
5,500

25000
3,500
1000

500
500
200
350,000
Not available
20

300,000
50000
1500

650
2,600
75
325
500
100
1,200
60
10
7
26,000

Maize shellers

500

950

Paddy transplanters

750

3,000

Lowland seeders

500

150

Multi choppers

1000

660
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Remarks
7 & 12 hp
tractors
with
rotovators
Up to 60
hp

For TAT

SAT
driven
Manually
operated
Manually
operated
For

Machine/Equipment

Units
imported
(annual
average)

Units produced
locally (annual
average)

Approximate
average value of
a machine
(USD)

Paddy cleaners

200

860

Power Weeders

1500

650

Inter-cultivators
Paddy reapers
Groundnut shellers
Highland seedersmanual
Highland seeders-SAT
coupled
Highland seeders-TAT
coupled

2500
250
100

220
1,700
1,315

250

165

200

300

100

1315

Remarks
compost
production
For farmer
level seed
production
For rice
cultivation
For OFC

At present hiring of farm machinery is done by the individuals and this service is
not so effective due to reasons mentioned in 1.2 above. Therefore, Government
intervention is essential to provide sustainable, efficient and reasonable hiring
facilities. A few years ago the Government controlled tractor-hiring units failed
and compelled to be closedown due to inefficient management and especially due
to the poor maintenance of the machinery. Therefore, it is suggested that to
establish Government controlled machinery hiring units island wide to hire the
machines through farmer organizations to the individual farmers. The machines
made available in these units for hiring may be preferably of less maintenance
types. The machines kept at different hiring centers would have to be decided upon
the requirement of respective areas. The hiring centers shall hire the machines to
operate by the farmers themselves.
Following machinery could be identified, as those needed minimum attention with
regard to maintenance and they are recommended suitable to use at hiring centers.
Most probably the income generated by hiring the machines may sufficient to carry
out the anticipated minimal amount of maintenance, to cover up the maintenance
cost of the buildings and the monthly wage of the caretaker. That means, once the
initial investment is made the Government would have no burdens in connection
with smooth functioning of hiring centers.
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The machines and implements that are recommended suitable to be made
availableat hiring centers are: Mould board ploughs for two wheel tractors, rotary
tillers for four wheel tractors , Seed paddy cleaners (Electric motor driven), Seed
paddy cleaners (Two wheel tractor driven), Lowland Seeders and Weeders
(manual)
-

Highland Seeders and Weeders (manual)
Paddy trans planters (manual)
Axial flow water pumps (Two wheel tractor driven)
Knapsack sprayers (manual)
High pressure sprayers for orchards
Paddy threshers (medium size)
Paddy threshers (high capacity)
Maize shellers (manual)
Maize shellers (Two wheel tractor driven)
Groundnut shellers (manual)
Groundnut shellers (Electric motor driven)
Pulse splitting and processing machines (Electric motor driven)
Fruit harvesting tools
Grass mover attachments to two wheel tractors

The prime movers such as tractors and engines that are needed to undergo frequent
maintenance must have easy accessibility by the farmers to own through the sale
centers proposed above. The machines mentioned in the above list could be
selected in accordance with the requirements of respective areas.
Conclusion
The farm mechanization is well-received world over as one of the important
elements of modernizing agriculture. The level and appropriate choice of farm
mechanization has direct effect on land and labour productivity, farm income,
environment, and the quality of life of farmers in South Asia. Agricultural
machines also ensure timeliness of farm operations and increase work output per
unit time. Suitability to small farms; simple design and technology; versatility for
use in different farm operations; affordability in terms of cost and most
importantly, the provision of support services are the basic requirement for the
expansion of farm mechanization.
Mechanization is associated not only with diverse socio-economic and agroclimatic conditions of the region but also with sustainable policy environment
taking into consideration of public, private partnership.
In regions where small-scale mechanization has taken place, there has also been a
growth of rural industries and strong linkages with the broader national economy.
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Whether by design or not, it appears that markedly different patterns of small-scale
rural mechanization over time have led not only to agricultural production
increases but also to broad-based rural and economic development. As these
patterns of smaller-scale rural mechanization have taken place in today’s global
economy, they cannot be portrayed by the proponents of larger-scale commercial
agriculture as an outdated romanticization of smallholder agriculture.
In spite of governmental efforts in SAARC countries, production and productivity
of agriculture crops is much lower as compared to other major crop producing
countries of the world. Low productivity apart from other factors is due to delay
and improper establishment of the crops and further management. Through
introduction of mechanized cultivation of the crops, above issues could be
substantially addressed. Good number of improved equipment has been developed
and is available worldwide. However, due to their high initial cost and low annual
use, their adoption by the farmers is very low. There is a need to promote their
wider adoption through demonstration and popularization programmes and
promotion through custom hiring services. Availability of these equipments in
different crop growing regions is also a bottleneck in their adoption. Efforts need
to be expedited to ensure manufacture of need based equipment in different crop
growing regions.
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Introduction
Bangladesh is predominately an agricultural country and agriculture is a
major sector contributes about 14.2% to the GDP of the country with a
growth rate of 0.5% (IRDP, 2017). The net cultivable land in Bangladesh is
about 7.9 million ha, of which 1.7 and 3.91million ha, respectively are
Triple and Double-cropped area and the rest is single cropped. Total
cropped area of the country is about 15.4 million ha with a cropping
intensity of 194%. Total number of rural household in Bangladesh is about
28.7 million of which 52.91% is farm households and rest 47.09% is nonfarm households. Among farm households small farm holdings constitute
about 84.39% (BBS, 2017). Paddy is the main staple crop of Bangladesh
accounting for 74.85% of total cropped area and 95% of cereal production
(BBS, 2017). Since independence in 1971, the production of paddy has
increased over three folds to 55.5 million tons compared to slightly more
than double the population of 160 million and attains self-sufficiency
against shrinking of agricultural land by 0.5% per year (FAO, 2014).
However, with the growth of population, by 2030 the population of
Bangladesh would be about 200 million and by 2050 the population would
be about 222.5 million that need to double the production of paddy in
Bangladesh (Figure 1).
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Figure 1. Population growth trend of Bangladesh from 2005 to 2050
(FAOSTAT, 2017)
On the other hand, the current labor force employed in on-farm agricultural
activities is about 43% would have been reduced to about 36.1% by 2020
(Figure 2). That poses a great challenge to Bangladesh agriculture to
produce almost double the present paddy production with decreasing
number of labor force. To face the challenge of feeding growing population
with shrinking on-farm labor force, appropriate scale agricultural
mechanization would be one the main options among many innovations and
adaptations of appropriate technologies and strategies.
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Figure 2. Current and predicted agricultural and non-agricultural population
of Bangladesh (FAOSTAT, 2017)
Present Status of Agricultural Mechanization in Bangladesh
The inception of Mechanized Cultivation and Power Pump Irrigation
(MCPPI) scheme in 1950-51 by the Agricultural Directorate of the then
East Pakistan was the first known attempt to introduce agricultural
machines in the traditional and nature dependent agriculture in the country.
The successful execution of Marshal Plan in the development of Western
Europe encouraged the Economic and Social Council (ECOSOC) of the
United Nations (UN) to introduce agricultural development programs
labelled as ‘Green Revolution” in developing countries along the globe in
the ‘Green Sixties’ of the last century. The program encouraged use of High
Yielding Varieties (HYV) rice along with irrigation and chemical fertilizer
as inputs in the country. Under the program during 1960-65, the
government distributed 2,238 power pumps, 200 tractors, 13828 sprayers
and dusters among the farmers, and established two workshops at public
sector to facilitate repair and maintenance of those equipments (Alam,
2005). The devastating cyclone at the coastal areas of the country in
November 1970 caused a heavy loss of draft animal used to power
agricultural crop production activities. To meet the crisis, international
charitable organizations distributed several thousand tractors and power
tillers to the affected farmers. Alongside of repair and maintenance of these
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imported machines, the local workshops emerged in the manufacturing of
small spare parts with limited skills and resources.
The expansion of HYV rice crop in 1970s, increased demand of
mechanized irrigation, tillage, pest management and post-harvest processing
of crops to attain timeliness of operations and establishment of next crop
triggered changes in cropping pattern and cropping intensity. Bangladesh
Agricultural Development Corporation (BADC) had given the
responsibility to install and ensure irrigation services to farmers through
low lift pumps (LLP), deep tube wells (DTW) and shallow tube wells
(STW) schemes. With the increasing demand of mechanized tilling, BADC
started four-wheel tractor based mechanized tilling services to farmers and
had monopoly of these services (Mandal, 2017). Mechanized irrigation and
tillage gradually gained popularity in spite of difficulties in ensuring quality
after sales services, repair and skill development of mechanics and
operators of irrigation pumps and tractors.
The policy of importing only high quality high priced standard agricultural
machinery in the country through limited organizations restricted the
machinery market to a limited makes and models that restricted the
switching over to mechanical power over animal and human muscle power
during the period. Later in 1988, there was a prolonged devastating flood
that perished a large number of draft animals which created a huge power
shortage in agricultural production. The government came with a policy of
liberalization of agricultural machinery import by removing the restriction
on makes and models of agricultural machinery along with waver of
mandatory standardization certification, withdrawal of import duties,
privatization of minor irrigation, removing restrictions on irrigation tube
wells and liberal credit facilities for private sector importers and related
banking services triggered a huge influx of Chinese made cheap agricultural
machinery in the country, such as power tillers, diesel engines, motors and
spare parts (Mandal and Parker, 1996; Ahmed, 1999; Alam, 2005).
Status of agricultural machinery use in Bangladesh
Bangladesh agriculture has gone through a remarkable change since 1990s
with the liberalization of agricultural machinery market and emergence of
Private Sector Machinery Company in the business. Alongside of import
and after sale service provisions rendered by the private sector companies,
44

agricultural machinery manufacturing sub-sector in the country has been
growing quite significantly. Present number of different prime movers and
agricultural machines are shown in table 1. The table indicates that the
numbers of agricultural machines are inadequate to meet the demand of
mechanized operations in terms of their capacity and timeliness of
operation, especially, the situation is totally inadequate in rice transplanting,
fertilizer application, harvesting, drying and storage (Table 1 and 2). The
installed power per hectare of cultivable land is only 1.578 kW, which is
quite inadequate to sustain farming operation profitably. Policy support and
implementation strategies involving public and private sectors need to be
devised urgently to scaling up of these crucial agricultural operations.
Table 1. Status of agricultural machinery and installed power in Bangladesh
Number/'000
Installed power,
Item
Number
ha
kW/ha
Tractor
35000
2.32
Two-wheel Tractor
700000
46.42
Pump(DTW)
35322
2.34
Pump (STW)
1523609
101.04
Pump (LLP)
170569
11.31
1.578
Rice Transplanter
400
0.03
Reaper
500
0.03
Combine Harvester
200
0.01
Closed drum
220000
14.59
Thresher
Open drum
150000
9.95
Thresher
Survey results involving different stakeholders in ten districts, namely
Gazipur, Narasingdhi, Manikganj, Rajshahi, Pabna, Sirajganj, Jhenaidha,
Magura, Barisal and Jhalkadthi are shown in table 2. The study revealed
that the tilling is almost mechanized and the farmers had access to power
tiller (PT) custom-hire service about 94%, whereas, access to Tractor was
only 3%. However, timely access to these tilling machines was found
difficult and timeliness loss of production and cost were in question.
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Of the mechanized irrigation, about 66% and 33% of the equipments were
powered mechanically and electrically, respectively. The shares of DTW,
STW, LLP and Treadle pump were found 32%, 47%, 20% and 1%,
respectively. The use of hand and knapsack sprayers were found 23% and
77%, respectively, however, these machines were operated by human
muscle power by 93% and 7% mechanically. Of the mechanized threshing,
the shares of pedal thresher, open drum thresher (ODT) and closed drum
thresher (CDT) were 14%, 15% and 45%, respectively. However, about
22% of hand beating and 4% animal treading were still in practice.
Winnowing was found overwhelmingly manual, however, about 12%
farmers were using PT operated fan and electric fan for winnowing. Drying
of crop was found totally manual and nature dependent and farmers used
concrete drying floor (Chatal), mud floor, road and tin shed as 36%, 49%,
7% and 5%, respectively. Of the mechanized transportation of agricultural
commodity, the shares of Tractor and PT were found 8% and 64%,
respectively. All the respondent farmers were using rice mills for milling
paddy for their own consumptions. Only about 8% farmers were found
using cold storage for potato storage. Other agricultural produces were
stored at homestead using traditional storage technologies.
Table 2. Status of mechanized rice production activities
Activities
% Mechanized
Land preparation
97
Irrigation
63
Seeding/Transplanting
0.1
Weeding
43
Fertilizer application
1
Plant protection (spraying)
100
Harvesting
0.8
Threshing
74
Winnowing
12
Drying
0
Storage
0
Transporting
72
Milling
100
Storage
8
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Demand for immediate adoption of agricultural mechanization
The demand for agricultural machinery is diversifying from the existing use
(Table 3). This change in demand varies between districts.
Table 3. Location specific use of farm machinery and its demand for
immediate adoption
Districts
Existing machines in use
Demand for immediate
adoption
Gazipur
Power tiller, Tractor, STW Rice
transplanter,
(Motor), DTW, Sprayer, Corn Thresher, Reaper, MiniSheller, Rice huller
combine, Winnower
Manikganj Power tiller, Bed planter, High Rice transplanter
speed
rotary
tiller,
STW(Engine),USG
applicator,
Sprayer, Reaper, CDT, Winnower,
Corn Sheller, Rice huller
Sirajganj
Power
tiller,
Tractor, Rice
transplanter,
STW(Engine),
DTW,USG Weeder, Reaper, Dryer
applicator, Sprayer, ODT, CDT,
Corn Sheller, Rice huller
Pabna
Power
tiller,
Tractor, Weeder, high speed
STW(Engine),
DTW,
USG Rotary tiller,
Onion
applicator, Sprayer, ODT, CDT, harvester, Onion grader,
Rice huller
Pedal thresher, Reaper,
Winnower
Rajbari
Power tiller, High speed rotary Onion seeder, Onion
tiller,
STW(Engine),USG harvester,
Reaper,
applicator, Sprayer, Pedal thresher, Winnower,
Jute
CDT, Rice huller
harvester
Magura
Power
tiller,
Tractor, Rice
transplanter,
STW(Engine), Sprayer, Pedal Weeder, Reaper, Mini
thresher, ODT,Rice huller
combine,
Wheat
thresher
Barisal
Power tiller, LLP, Pedal thresher, Rice transplanter, USG
ODT, CDT
applicator,
Weeder,
Reaper,
Narsinghdi Power tiller, STW(Motor), LLP, Rice
transplanter,
Sprayer, Reaper, Pedal thresher, Weeder,
Reaper,
ODT, Rice huller
Winnower
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Status of agricultural labor activities
Until recently, there was a strong criticism against agricultural
mechanization in Bangladesh that it would displace agricultural labors and
their livelihood would be in stake. To take account of that argument,
location specific typical month-wise agricultural activities and labor
requirement were critically examined (Figure 3 and Table 4). The exercise
estimated labor requirement as total labor requirement including family and
hired labor, and hired labor shortage to perform the agricultural activities
during each month. Labor shortage was estimated looking at the gaps
between expected hired labor and labor practically available at each month.
It is evident that during Baishakh-Jaista, Sraban-Bhadrs, Agrahayan-PousMagh-Falgun there were hired labor shortages. These months were
characterized as land preparation and transplanting time of T. Aman rice,
harvesting of T. Aman rice and land preparation of Boro rice and harvesting
time of Boro rice, respectively. The labor shortage was found as high as
60% in the month of Baishakh and in the months of Jaistha, Srabon,
Bhadra, Kartik, Pous and Magh in the range of 25% to 50%. The
participants of the participatory reflection and action (PRA) identified that
agricultural activities have been increased in recent years because of
introduction of modern technologies related to seed, management practices
and machines as it lead higher cropping intensity and higher production.
Inevitably, the processes demand higher labor in peak cropping seasons. In
the advent of labor crisis, the farmers become increasingly dependent on
appropriate machines for these farm operations.
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Agricultural activities available
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Figure 3. Month-wise agricultural labour activities of Gazipur district
Table 4. Month-wise agricultural activities of Gazipur district
Month
Baishakh
Jaistha
Ashar
Sraban
Bhadra
Ashwin
Kartik
Agrahayan
Poush
Magh
Falgun
Chaitra

Agricultural Activities
Harvesting and threshing Boro rice, sowing of turmeric, zinger and
kuchu
Harvesting and threshing Boro rice, seedbed and land preparation for T.
Aman, weeding turmeric, zinger and arum
Puddling land and seeding T. Aman rice, harvesting and shelling Corn
Puddling land and transplanting T.aman, weeding T. Aman rice
Irrigating T.aman, weeding T. Aman rice, fertilizing T. Aman
Sowing lalshak, juteshak, kolmishak and radish
Sowing chili and radish, seedbed and land preparation for Boro
Harvesting T. Aman rice, seed bed preparation for Boro rice, sowing
wheat, sowing potato
Transplanting Boro rice, weeding potato field and Boro rice
Transplanting Boro rice, weeding potato field and Boro rice, irrigating
wheat
Harvesting potato, land preparation and sowing corn, irrigating and
weeding Boro
Harvesting and threshing wheat, sowing and weeding corn, weeding and
irrigating Boro rice
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Status of gender involvement in agricultural activities
The involvement of male farmers is dominated in field activities of crop
production. However, female farmers also take part in some field crop
production activities like seedbed preparation, uprooting and transplanting
of rice seedlings, weeding and top dressing (Table 5). In contrast, the
female farmers dominate in post-harvest processing of crops.
Table 5. Gender involvement in agricultural activities in selected locations (%)
Farm
Activities
Seedbed
preparation
Land
preparation
Uprooting
and
transplanting
Weeding

Gazipur

Shirajganj

Rajbari

Barisal

Male Female Male Female Male Female Male Female
80

20

100

0

85

15

60

40

100

0

100

0

100

0

100

0

100

0

80

20

100

0

50

50

100

0

50

50

100

0

100

0

Top dressing

100

0

70

30

100

0

100

0

Irrigation

100

0

100

0

100

0

100

0

Pest control
Harvesting
and carrying
Threshing
Winnowing
and drying
Storing

100

0

100

0

100

0

100

0

100

0

100

0

100

0

100

0

95

5

50

50

50

50

100

0

0

100

20

80

0

100

0

100

20

80

20

80

0

100

20

80

Parboiling

5

95

10

90

0

100

0

100

Marketing

100

0

0

100

100

0

100

0

Status of agricultural machinery manufacturing and import
Agricultural machinery sub-sector in Bangladesh is considered as a nonformal sector and no significant afford has been made so far to enhance its
capacity and linkages to internal and external markets. Beyond import of
tractor, power tiller, diesel engine, spare parts from abroad (China, India,
South Korea) there are about 70 foundries, 2000 agricultural machinery
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and spare parts manufacturing workshops and about 20,000 repair and
maintenance workshops engaged in production and servicing of agricultural
machines and spare parts. The annual estimated market size of agricultural
machinery and spare parts in the country is about US$ 0.802 billion of
which local production and repair and maintenance market size is about
US$ 0.105 billion (Table 6). Strengthening appropriate scale mechanization,
locally produced machines and spare parts must play an important role. At
this end, introduction of modern capital machinery and capacity building of
local manufacturers in terms of technical, financial and market linkages in
country and abroad need priority interventions.
Table 6. Annual market size of agricultural machinery in 2011
Agricultural machines

Market Size/Yr (Million US$)

No. of actors

Power Tiller (Imported)
Tractor (Imported)
Engine (Imported)
Tillage machinery
Centrifugal Pump (STW & LLP)
Spare parts (Local)
Spare parts (Imported)
Foundry
Sprayer (local)
Sprayer (imported)

50
80.1
256.9
9.7
16.7
237.9
71.4
NA
1.5
0.4

9
7
5
NA
78
1500
190
70
49
4

Thresher (Open & Close drum)

39.5

572

Corn Sheller

1.3

67

Weeder

0.6

112

Harvesting equipment (Imported)

1.2

NA

Rice milling machinery (Imported)

35.1

NA

Sub-total
802.3
Repair & Maintenance
105.2
20000
Total market size
907.5
22663
Note:1 US $ = BDT 80; na – not available; Source:Alam et al. (2017) andprivate sector
survey (importers of tractor, PT, diesel engine and local manufacturers)
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Supply and value chains of agricultural machinery
Mapping core processes of agricultural machinery value chain: The
mapping of core processes in value chain identifies the actors involved in
the process. The core processes may differ, depending on the characteristics
of the product. In general agricultural machinery have two generic core
process chains: (i) imported chain, starting from importing to
wholesaling/retailing of tractor, power tiller, diesel engines and their spare
parts; and (ii) local manufacturing chain, starting from importing of raw
materials and manufacturing to retailing of threshers, corn shellers,
sprayers, spare part of PT and diesel engines, and centrifugal pump. The
core processes of value chains of these two segments are illustrated in
figure 4 and 5.

Figure 4. Mapping core processes of imported machineries and spare parts

Figure 5. Mapping core processes in locally manufactured agricultural
machines and spare parts
Common supply chain of agricultural machinery: A common supply
chain of imported and locally manufactured agricultural machinery and
services are shown in figure 6 based on the market size of 2011. Three main
supply chains were identified namely imported agricultural machinery,
engine and spare parts channel; agricultural machinery production channel
and spare parts production channel. Although, imported agricultural
machinery channel was found dominating in terms of business volume,
however, the other two channels are growing rapidly and having a
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significant market share. Within supply chain, the integrated production
units are having financial edge over discrete production units.

Figure 6. Common supply chain of agricultural machinery sub-sector
(Source: Alam et al. 2017)
Mapping of value addition: Value addition at different processes of a
tractor (45 hp, M&M model, made by China) from import to dealer
showroom or retailing is shown in figure 7. The value mapping analysis
suggests, statutory and other charges (21.53%), importing (32.88%),
wholesaling and retailing (40%) and transport (5.77%) constitute the total
value addition for importing a tractor from China to Bangladesh (at dealer
level). The single largest value addition (40%) at show room/agent/dealer
level indicates that though profit accounts 14.5% of value addition at this
level but after sales service (mechanic cost) and management costs are high
(28.5% and 57%, respectively). The key informant dealers’ noticed that the
rate of adoption of tractor is still slow thus marketing cost is high. Most of
the management cost for salary of sales team and in most cases this cost is
shared by the importers.

53

The statutory and other charges at Chittagong port incur multiple taxes and
value addition at this level is about 22%. At importers’ level 32.88% value
is added of which importer’s profit accounts for 69%, and the rest for
promotional activities through electronic and other media, ware house and
bank charges (31%).

Figure 7. Value addition mapping of imported Tractor (as of 2013)
The value addition analysis of PT value chain suggests, statutory and other
charges (45.93%), importing (25.87%), wholesaling and retailing (25.67%)
and transport (2.5%) constitute the total value addition for a power tiller of
12 hp of SF model (Figure 8).

Figure 8. Value addition mapping of imported Power Tiller (as of 2013)
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Although there is no tax and VAT on import of power tiller since 1998 but
the single largest value addition (45.93%) is taking place as statutory and
miscellaneous charges for clearing from Chittagong port. There is a scope
to reduce miscellaneous charges through better management of Chittagong
port activities. Importers added 25.87% value of which 96.13% incur as
profit and rest 3.87% as promotional activities. A breakdown of
wholesaling and retailing indicate that profit accounts 94.1% of value
addition at this level and mechanic and management costs are 3.9% and 2%,
respectively.
Agricultural research and development facilities in Bangladesh
To promote agricultural mechanization and strengthen agricultural
machinery manufacturing sub-sector in Bangladesh, different academic,
research and extension institutions are involved in capacity building,
development and dissemination of farm machinery in the country. The
major institutions are Bangladesh Agricultural University (BAU),
Bangladesh Agricultural Research Institute (BARI), Bangladesh Rice
Research Institute (BRRI), Bangladesh Sugarcane Research Institute
(BSRI), Bangladesh Jute Research Institute (BJRI), Rural Development
Academy (RDA), Bangladesh Academy for Rural development (BARD),
Bangladesh Agricultural Development Corporation (BADC) and
Department of Agriculture Extension (DAE). Agricultural research and
development (R&D) institutions in Bangladesh are the constituent parts of
the National Agricultural Research System (NARS), which is coordinated
by the Bangladesh Agricultural Research Council (BARC) under the
Ministry of Agriculture. Other institutions like BAU belongs to the Ministry
of Education, and RDA and BARD are working under the Ministry of Local
Government, Rural Development & Cooperatives (LGRDC). A number of
on-farm and post-harvest processing machines are developed and adopted in
Bangladesh agriculture by these institutions such as, power operated rice
and wheat threshers, maize sheller, weeder, fertilizer applicator, sprayer,
centrifugal pump, low-cost deep tube well, power tiller operated seeder,
drum seeder, zero tillage seeder, potato planter, potato digger, reaper,
winnower, grain dryer, solar tunnel dryer etc.
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Figure 9. Institutions promoting agricultural mechanization under the
Ministry of Agriculture
Mapping of actors working with agricultural mechanization in southern
region: Agricultural mechanization is a concern among public, development
partners (DPs) and private sector organizations in Bangladesh. At this
juncture, revitalization of agricultural sector growth is an important issue
and mechanization has been considered as one of the major options at this
end. Brief landscaping of few important ongoing and recent past investment
projects involved in promoting agricultural mechanization in the Southern
region by both public and development partners end would add some value
(Table 7).
Table 7. List of investment projects of government and DPs in southern
region
Project Name
Integrated Agricultural
Productivity Project (IAPP)
Enhancement of Crop Production
through Farm mechanization
Project (Phase II)
Cereal Systems Initiative for South
Asia in Bangladesh –
Mechanization and Irrigation
(CSISA-MI)
Appropriate Scale Machinery
Innovation Hub

Led by

Region
covered

20112016

MoA

North and
south
region

GAFSP

20152018

DAE

All over
Bangladesh

GoB

Duration

20142016
20162018

Emergency Sidr Cyclone Recovery
2010and Restoration Project (ECRRP) –
2014
FY2010-2014
Source:Baseline survey, ASMIH-BD, 2017
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CIMMYT
in
association
with iDE
DFPMBAU,
FMD-BARI
FAO

Funded by

Southern
region

USAID

Southern
region

USAID

Southern
region

World
Bank

All the above projects adopted three mechanization approaches as follows:
1. Full subsidy on agricultural machinery to farmers groups;
2. Creation of Rental Service Providers (RSP) through cost sharing (70:30)
between individual farmers and Government; and
3. Creation of Rental/Local Service Providers (RSP/LSP) through sensitizing
agricultural machinery importers, dealers and mechanics.

Promoting agricultural machinery to farmers’ groups with full subsidy
needs some considerations on sustainability of groups. Sustainability of a
group depends on multiple factors such as: autonomy, inclusive leadership,
strong membership base, business services for members and a clear own
purpose. These are overlooked by the projects which deals with mobilizing
farmers groups and thus distributed machinery in most cases could not use
as a community enterprise, i.e. rental services to the members of a group.
As smallholders individually could not afford machines, thus creation of
‘community enterprise for farm machinery hub’ is a good model if strong
membership base group could be mobilized. Such a project should also be
considered in developing service providers like mechanics, spare parts
retailers, etc.
The cost sharing approach adopted by the mechanization project of DAE is
somewhat accepted by the smallholders, especially young farmers. This
model would be stronger if the project adopts a robust business concept.
Such a project may jointly work with the private sector and commercial
banks on facilitating financial education to rural youths, mechanics, dealers
on decision making tools like business plans, cropping patterns, machine
scheduling, etc. which may boost sales in the south.
Creation of Local Service Providers (LSP) of agricultural machinery
services through sensitizing private sector and dealers’ network might be a
sustainable model but providing cash/kind incentives to the dealers may
make private sector partners reluctant to invest in their own marketing in
the south.
Agricultural mechanization policy support
Prior to 1988 and all policies regarding agricultural mechanization, there
were two committees, National Technical Committee (NTC) and Technical
Sub Committee (TSC) to test locally made and imported agricultural
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machinery. The latter 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. The
TSC finally approved the suitable machines to use in the country. But after
1988, to encourage faster mechanization, mandatory testing of agricultural
machines was waved. This was specially done to encourage quick
development of irrigation in the country. As a result, low graded engines
and pumps were imported and sold at cheaper rates and expanded very
rapidly. However, these machines failed to perform well and went out of
order in a season or two making the farmers disappointed.
There is no comprehensive national policy guideline in respect of
agricultural mechanization in Bangladesh, albeit there is plethora of
agricultural policies and policy briefs evolved in Bangladesh, few of them
can only address agricultural mechanization. The mentionable policies are
National Agricultural Policy (1999), Actionable Policy Brief (APB) (2004),
Integrated Minor Irrigation Policy (2011) by the Ministry of Agriculture
(MoA) and Country Investment Plan (CIP) by Ministry of Food and
Disaster Management (2011). Salient features of these policies and briefs
are delineated below:
National Agricultural Policy (NAP, 1999): Under section 8 of page 10,
the NAP addresses agricultural mechanization in Bangladesh briefly states
that: a) needs for farm machines in the different zones will be assessed and
publicized to attract private sector, b) deficit of animal draught power will
be supplemented by mechanization while animal will continue to be used in
many areas, c) import of machines and raw materials needed for local
fabrication will enjoy tax relief, d) credit will be made available to both
users and traders to help mechanization and e) formation of user
groups/cooperatives will be encouraged for owning or leasing agricultural
machinery. The policy statements of NAP mentioned above have not yet
been put into effect; besides allowing import of agricultural machinery at no
or low tariff.
Actionable Policy Brief (APB) and Resource Implications (2006): This
report is an attempt of series of agriculture sector reviews prepared by the
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government. The first one, called National Agricultural Policy (NAP), was
followed by the Plan of Actions on implementing NAP in 2003. This plan,
however, was not found implementable and therefore, an Actionable Policy
Brief (APB) was prepared in 2004.
Minor Irrigation: The APB team has identified factors constraining the
development of minor irrigation and put forward several recommendations
for removing those constraints. One of these recommendations include
reducing farmers’ irrigation costs. The policy identified two major ways of
doing this. First, subsidies may be provided on fuel as well as on the import
of irrigation equipment. Second, supply electricity to power-driven
machines. However, this policy analysis seems to have missed an important
point. Not all irrigators have their own equipment and they buy water from
pump owners under various payment system- cash, kind or hourly basis.
This means that reduction of pumping costs through diesel or electricity
subsidy, if it can be implemented, will benefit the pump owners and not
necessarily the farmers buying water because there is no way to make the
water sellers to reduce water charges. Irrigation is a highly subsidized input
of government. However, its trickle down benefits still not harvested by the
user farmers due to lack of policy enforcement.
Mechanization: The APB identifies several constraints to desirable level of
mechanization and made few policy recommendations to address the
constraints.
Policy 1: Increase mechanization capacity and efficiency through training,
demonstration and advisory programs for farmers and Union level
mechanics/artisans to enhance their skills in operating, maintaining and
repairing power tillers, pumps and other common agricultural machines.
DAE was recommended to implement the activities with proper assistance
from the government; introduce agriculture based vocational
education/training in collaboration with ARIs, universities, NGOs and
private sector. Simultaneously, encourage formation of farmer/user groups
(for custom hiring) involving DAE and collaborating NGOs/private sector
entities. The ministry noted that since top-sided mechanization might create
unemployment of rural population, opportunities for rural non-farm
activities should be created concurrently. It added that efficacy of
machinery developed by different ARIs should be evaluated and their
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dissemination among farmers should be promoted. Private entrepreneurs
should be encouraged to locally fabricate the approved machinery
developed by different ARIs. In order to disseminate mechanization and
irrigation technologies, the ministry suggested that an Irrigation and Farm
Machinery Wing under DAE may be set up.
Policy 2: Formulate a comprehensive agricultural mechanization policy, and
establish a high level ‘Agricultural Mechanization Advisory Committee’ to
advise the government on agricultural mechanization issues and policies.
Policy 3: Providing adequate funds for priority research, development and
extension works. Private sector may also share R&D cost or pay royalties in
exchange of patent or marketing rights.
Policy 4: Reviewing and rationalizing the current tariff rates affecting
import of agricultural machines and spare parts and the raw materials
needed to manufacture those locally.
Policy 5: Establishing a ‘National Centre for Agricultural Machinery
(NCAM)’ using the existing facilities available in the system for
development, testing and evaluation of farm machinery.
Policy 6: Providing support to local manufacture of agricultural machines
and spare parts by private sector.
Policy 7: Replacing the inefficient and obsolete steel hullers with rubberroll for proper milling of rice. The ministry emphasized that use of rubberroll huller would increase the quality as well as reduce the milling loss.
Policy 8: Constructing and leasing out community threshing floors in ‘haor’
areas. The ministry stressed that this is a good proposition.
Policy 9: Joining the ESCAP-established ‘Asia Pacific Centre for
Agricultural Engineering and Machinery (APCAEM). Bangladesh is an
active member country of UN-APCAEM now renamed as ‘Center for
Sustainable Agricultural Mechanization (UN-CSAM)’.
The APB by and large addressed the needs of agricultural mechanization.
However, it needs to be adequately translated into practice in agricultural
development programs and planning.
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Integrated Minor Irrigation Policy (2011): This policy is still draft but
provides guideline of minor irrigation vividly. The implementing agency is
BADC and the policy is useful for the agencies those who involved in
minor irrigation. Some major issues covered by this policy are: definition of
minor irrigation, its scope, objectives; use of surface water in irrigation;
infrastructure development for surface water irrigation; ground water
exploration guideline, activation of irrigation committees, standardization of
irrigation equipment/accessories, registration for using irrigation equipment,
etc. This policy makes a brief reference to the need for the development of
an instruction manual on the formation of water user groups (WUG) and
distribution of water among the beneficiaries and standardization of pump
and spare parts. However, to enforce this policy once finalized an
illustrative instruction manual on the formation of WUGs would be very
much needed in the field. Upazila Irrigation Committees could play critical
roles in ensuring the effectiveness of the proposed instruction manual.
Country Investment Plan (2008): The CIP was coordinated by Ministry of
Food and Disaster Management, proposed 12 programs of which program 2
is Improved Water Resource Management and Infrastructure for Irrigation
Purposes. This mainly highlighted only country investment in irrigation as
to improve water management in water distribution systems and at farm
level; improve & increase efficiency of surface water irrigation, in
particular in the south; reduce impact of saline water intrusion and enhance
river water flow to the south.
A policy, however, good they may be, brings no benefits to the farmers
unless they are enforcing properly. The success of these policies/strategies
depends heavily on ensuring transparency and accountability among all
stakeholders involved in their implementation as well as strong interdepartmental coordination.
Challenges of Agricultural Mechanization
Inadequate policy and actionable plan for agricultural mechanization:
There is no comprehensive agricultural policy and actionable plan for
agricultural mechanization in Bangladesh, although there are several policy
and policy briefs for agricultural sector, however, only few of them
encompasses agricultural mechanization as an important issue. In over
viewing agricultural mechanization policy, it was evident that the policies
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identified few important recommendations, however, lacking of adequate
actionable plan and enforcement properly. In recent years, Ministry of
Agriculture initiated steps for having agricultural mechanization ‘Road Map
2041’ and committee for formulation of comprehensive ‘National
Agricultural Mechanization Policy’ and actionable plan. There would be a
permanent institution for overseeing the agricultural mechanization issues
and devise sustainable policies and implementation plans. Department of
Agricultural Extension (DAE) would be the public sector lead organization
to coordinate with public and private sector actors, development partners
and NGOs for implementing the agricultural mechanization in the country.
Inadequate knowledge and skill: The operators (farmers and custom-hire
service providers) of agricultural machinery and equipment are mostly
unaware of the operation and maintenance schedule of their machine and
equipment. They do not have formal training on operation and maintenance
from competent authorities. Therefore, poor performance and frequent
breakdown of their machines and equipment is common. They are also
lacking of knowledge of appropriate machines and equipment suitable for
their specific requirements. Farmers and local service providers
acknowledged that they need better skill to improve the operation and
maintenance their machines, and willing to receive skill training on fees.
Farmers complain against the manufacturers and traders for supply of low
quality machine or equipment. On the other hand, manufacturers and traders
are blaming farmers for negligence in basic routine operation and
maintenance tasks such as, checking of oil, fuel, water, filters, cleaning and
washing after field operation, routine servicing etc. as per standard
procedures for optimal performance of their machines and equipment. The
manufacturers and traders do briefing farmers on operation, maintenance,
safety and after-sales services but the service is not up to the mark. The
mechanic and the repair and maintenance workshops at the vicinity of the
farmers mostly do not have enough skill to render this service. Lack of
these basic services in and around the farming community restricts the best
use of agricultural machinery and equipment at farmers’ level. The GOB
extension services, NGOs and some private organizations are placed in the
field but lacking of providing effective services to the consumers due to
lack of appropriate strategy and skill personnel at field level extension.
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The manufacturing sub-sector is lacking of skilled and experienced
workforce almost in all levels of manufacturing, repair & maintenance and
management of businesses. They are lacking of appropriate knowledge and
skill on heat treatment, metal casting and fabrication of agricultural
machinery products. Qualified engineers, even diploma engineers are scarce
in the sub-sector and therefore, lacking of knowledge and skill related to
design, drawing, manufacturing process and quality control. The growth of
mostly inexperience small enterprises is causing serious financial
repercussions in the enterprises, e.g., low quality output, low productivity,
non-delivery of products in scheduled time, increased wastage of raw
materials etc. These in fact, lead to poor profitability and low quality
outputs of the enterprises and as a whole slow down the growth of the subsector.
Small and fragmented land holdings:About 84.39% of the rural
households are small having 50-249 decimals of land (BBS, 2017) and even
this small land holding is fragmented into several plots, make the efficient
use of small and medium size power tillers, tractors, transplanters, reapers,
mini-combine harvesters and other machinery difficult and lead to the
problem of frequent turning and make the operation time-consuming,
tedious and expensive. However, now a day, few modern machinery have
good maneuverability and take turns within very short space. Machine like
mini-combine harvester cannot be moved to harvest inside a large field
without harvesting the peripheral plots, therefore, some short of
synchronization in planting of crops is necessary so that the crop can ripe in
such a way that the mini-combine can starts harvesting from the periphery
and move deep inside the field. Some short of land consolidation is
necessary by organizing the individual farmers in a group so that they can
have larger plot to produce their crop and harness the benefits of efficient
use of agricultural machinery and make better margins.
Limited extension services on agricultural mechanization:In recent
years, the contribution of agricultural sector in GDP is declining with a
slower sector growth. Implementation of appropriate scale agricultural
mechanization would be a solution for sustaining the contribution in GDP
and growth of the sector. In doing so, DAE can employ Agricultural
Engineers at all administrative levels to ensure appropriate scale extension
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and dissemination program for the
mechanization in Bangladesh.

implementation of agricultural

Poor quality machines:Before 1988, there were two national committees
namely National Technical Committee (NTC) and Technical Sub
Committee (TSC) to test country made and imported agricultural
machinery. The TSC used to test the machines submitted by the
manufacturers or importers in both field and laboratory and sent the
recommendations to NTC for certification. Only certified machines were
allowed to market in the country. There was a devastating flood in 1988 that
caused death of large number of draft cattle and there was a shortage of
draft power for crop production. At this situation, government waved the
testing and certification of agricultural machinery to encourage faster
mechanization. As a result, low graded engines and pumps were imported
and sold at cheaper rates and expanded very rapidly. However, these
machines failed to perform well and went out of order in a season or two
making the farmers disappointed. Moreover, the reputed local machinery
manufacturers were facing uneven competition with low quality machines
in the market. For sustainable development of agricultural mechanization
availability of quality machines and spare parts at farmers’ level is essential.
Therefore, with the previous experience and capacity Bangladesh can easily
reinstate testing and quality certification of agricultural machinery that will
help to build farmers’ confidence and enhance growth of agricultural
mechanization in Bangladesh.
Poor after-sales services:In most of the remote rural areas of the country,
there is a scarcity of quality spare parts, replaceable tools and accessories of
agricultural machines in spare parts shop of local hat and bazaars. In case of
breakdown or repair need in peak season, the machine owners have to wait
for sometime or need to collect the spare parts from distant district market
that caused a huge loss to farmers and LSPs. Few reputed agricultural
machinery business companies are promoting agricultural machines with
after sales service. The companies employed skill mechanics at their
regional showrooms and upon request provide repair and maintenance
services to their contractual customers. However, the services have limited
coverage compared to demand.
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Lack of modern machinery for manufacturing:Agriculture machinery
sub-sector is comprised of small and medium sized enterprises. They are
mostly emerged from repair and maintenance service sector and lacking of
experience and technical knowledge related to manufacturing of
sophisticated agricultural machines and equipment. The enterprises are also
lacking of information about appropriate capital machines and equipment
suitable for production of quality machines and spare parts; lacking of
appropriate design, drawing and manufacturing processes; and lacking of
knowledge about the sources of these technical information. Mostly, the
enterprises are depending on age-old outdated machineries for
manufacturing agricultural machineries and spare parts. As a result,
producing quality compromised products and facing tough competition with
the imported machines and spare parts from abroad, especially products
from China. Awareness program along with formulation of policies for soft
credit facility and zero tariffs on modern capital machinery import are
urgently needed for a break-through in this sub-sector.
Lack of quality raw materials and spares:Quality raw materials are
needed for quality product. In recent time, due to price hike of imported pig
iron and ship breaking scrap the foundries are mostly relying on local iron
scrap, as a result it becomes hard to maintain the quality of products such as
piston & liner, pump etc., especially the hardness of finished product. About
74% of the foundries and pump, piston and liner manufacturers blames on
low quality of input raw materials for quality compromised product. About
80% of the spray manufacturers reported that re-rolled ship breaking brass
pipes are used in spray production and caused frequent trouble during
manufacturing and short life at field operation.
Lack of testing and standardization: The existing agricultural machinery
and spare parts industries and workshops in the country do not have
standardized quality control facilities to ensure quality of products.
Inexpensive quality control measures are being introduced in some agroindustries but some expensive quality test and operation facilities such as,
testing of metals and alloys, performance test of pumps, heat treatment of
metals and alloys etc. cannot be owned by small agro-industries and
workshops. There should be a common facility center in every major areas
of agricultural machinery and spare parts production either in public or
private sector initiatives.
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Low purchasing power of farmers: A majority of the farmers do not have
adequate financial ability to purchase modern agricultural machinery like
STW, PT, engines, threshers, reapers etc. Despite awareness of benefits of
machinery use, purchase option of modern agricultural machinery is only
limited to medium to large farmers. Even machinery price above Tk. 50,000
is extremely restricted the purchase ability of these group of farmers. A new
class of service providers to farmers named local service provider appeared
among the farmers, who can own these machines with a business motive
and sustain the demand of agricultural machineries at grass-root level.
Banks and other financial institutions do not provide collateral free credit to
farmers and LSPs. Few agricultural machinery marketing companies are
providing collateral free credit to farmers and LSPs only on tractor. A single
digit collateral fee credit is necessary for the growth of agricultural
mechanization and overall growth of agricultural sector in the country.
Poor farm roads: Mechanized farming needs accessibility of farm
machinery to the crop field. However, most of the rural Bangladesh does
not have adequate farm roads. Off-road prime movers like tractors and
power tillers can move into uneven crop field, however, most of the
machines like combine harvesters cannot reach the crop field. There should
be a policy that the LGRDC need to construct rural roads so that the
accessibility of farm machinery to the crop field is ensured.
Opportunities of Agricultural Mechanization
-

Farmers
are
aware
and
ready
to
adopt
appropriate
technologies/machines for increased crop production.
Use of traditional crop production technologies involving human muscle
and animal power become unattractive.
Custom-hire Service Providers are quite visible in rendering agricultural
machinery services to farmers.
Significant number of mechanics and repair & maintenance workshops
are at the vicinity of the farming community.
Agricultural machinery production sub-sector have gained quite
maturity in production and marketing of agricultural machinery.
Numbers of reputed private sector agricultural machinery importers are
quite active in marketing and after-sales services at farmers’ level.
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-

Government is providing up to 70% subsidy in popularizing selected
agricultural machinery.
Credits are available at commercial banks and NGOs.
Government initiated committee to formulate National Agricultural
Mechanization Policy.

Conclusions and Recommendations
Since the inception of agricultural inputs like HYV crop varieties, fertilizers
and irrigation in Green Sixties of the last century, agriculture of Bangladesh
has gone through remarkable changes in diverse cropping pattern, cropping
intensity and use of machines in traditional agriculture. Liberalization
policy on import of power tillers, tractors, diesel engines, electric motors
and other small agricultural machinery and subsidy on selected agricultural
machinery from the government has given an extra impetus for the
development of agricultural mechanization in Bangladesh. Private sector
agricultural machinery companies and local agricultural machinery and
spare parts manufacturing sub-sector also play an important role in
popularizing appropriate scale agricultural machines in the country. The
development of custom-hire service of agricultural machines to farmers by
local service providers given the agricultural mechanization a new look that
is unique, beyond the conventional mechanization myth of use of large
machinery with increased efficiency. However, Bangladesh still needs
pragmatic policy support to encourage the private sector machinery import
and local manufacturing for further development of agricultural
mechanization. Further policy support is needed on custom-hiring of
agricultural machines with enabling environment and program activities.
The following priority recommendations are made for further development
of agricultural mechanization in Bangladesh:
-

Formulation and updating of ‘National Agricultural Mechanization
Policy’. There would be a permanent institution for overseeing the
agricultural mechanization issues and devise sustainable policies and
implementation plans. Department of Agricultural Extension (DAE)
would be given the responsibility to coordinate with public and private
sector actors, development partners and NGOs for implementing the
agricultural mechanization in the country;

67

-

-

-

-

-

-

-

Development of micro-entrepreneurs for agricultural machinery services
to farmers, locally called Local Service Providers (LSPs) need to be
encouraged through public and private sector programs and initiatives;
Promotion of agricultural machinery supply to be encouraged allowing
access to soft and flexible single digit credit facilities from banks and
financial institutes, used machine transaction, exemption of taxes on
machinery import, fuel, electricity etc. Public sector subsidy to selected
agricultural machinery may continue for some time, later, market to be
allowed to stabilize by private sector initiative;
Strengthening capacity of farmers, LSPs, mechanics and technicians for
field operation and manufacturing of agricultural machinery through
establishment of central and local training institutes. Technical
education at vocational training institute, poly technique institutes must
include agricultural machinery and mechanization courses.
Establishment of a ‘Central Institute of Agricultural Engineering
(CIAE)’ is recommended for continuation of innovation through R&D
with support from government and development partners;
Establishment of ‘Agricultural Machinery Production Zones (APZ) on
the outskirts of Bogra and Jessore towns can be considered to
accommodate existing and potential agricultural machinery industries
and workshops;
Establishment of ‘Common Facility Centre’ at each APZ can be
considered to facilitate quality services related to heat treatment,
material testing, test and standardization, advisory services etc. with
public, private and development partners initiative;
Establishment of Agricultural Machinery Testing Center (AMTC) to
facilitate quality testing and certification of agricultural machinery.
Quality certification can be made mandatory for illegibility of public
sector subsidy programs.
Modernization of local foundries through collaboration and experience
sharing activities among SAARC and industrialized countries;
Strengthen capacity of agricultural machinery entrepreneurs through
transfer of proto-type machines and technologies among SAARC and
industrialized countries should be promoted;
Policy options should be considered for removal of multiple VAT on
imported raw materials and strengthen rules and regulations against
illegal hoarding of raw materials for the growth and development of
agricultural machinery sub-sector;
Policy options should be rationalized for zero tariff or nominal tariff on
modern capital machinery import for agricultural machinery sub-sector;
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-

BBS database should include agricultural machinery sub-sector for
formulation of national policy and implementation plan.
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Introduction
Bangladesh is a developing country having a gross area of about 147,570
km2 with a low natural resource base but having a high population growth.
Agriculture is the main driving force of Bangladesh’s economy.Bangladesh
has made a remarkable progress in producing cereal grains (rice, wheat and
maize) and to some extent, vegetables like potato, tomato, cauliflower,
cabbage, egg plants, beans, etc. through use of improved seeds, use of
needed agro-chemicals and mechanization for tillage, irrigation and
threshing. Among many agricultural inputs, agricultural machinery plays an
important role in promoting crop production to a targeted level to sustain
self-sufficiency in cereal production in the country which has increased
more than three folds over the last two decades to 38.50 million tons
(Anonymous, 2017 and Ahmmed et al., 2016).
The Government has already attributed due importance to agricultural
mechanization and machinery research. During last few years, Government
invested up to 70% in the price of Agricultural machineries in terms of
Development Assistance as incentive and distributed 60,172 different types
of agricultural machinery among the farmers. Programs like modern
machinery distribution, capacity building of village mechanics & operators,
quality control measures and policy support activities for the agricultural
machinery manufacturers and assemblers are working successfully
(Anonymous, 2017). The Agricultural Mechanization Road map 2021, 2031
and 2041 is a great milestone for agricultural mechanization in Bangladesh
that has recently approved by the government and it is prepared by
Government organizations leaded by BARC. In order to achieve the vision
2021 and 2041 within the preview of national development plan, the
said Roadmap will render effective and long term contribution in
materializing modern, economic and profitable agricultural. This road map
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implementation is already started by the NARS institutes, DAE and other
related institutes.
At present, almost all centrifugal pumps being used in shallow tube wells
(STW) and low lift pumps (LLP) are manufactured in the country.
Similarly, rice and wheat thresher, maize sheller, hand and foot-pump
sprayer, weeder, engine and machine spare parts are also being designed
and manufactured locally. A few more items like drum seeder, push-pull
weeder, potato harvester, potato grader, fish and poultry feed machine, rice
grader, ricepolisher, auto crusher machine, auto mixture machine, oil mill,
chira/puffed rice mill, rice huller, hot mixture machine, cereal dryer
machine etc. are also being manufactured in the country. Though these
machines were basically designed and developed elsewhere, many
underwent some adaptive development in Bangladesh.
Today, locally developed farm machinery such rotary tiller, hydro-tiller,
irrigation pump, sprayer, closed drum thresher, maize sheller, potato
planter, high speed rotary tillers (HSRT) and power tiller operated seeders
(PTOS), versatile multi-purpose planter (VMP), power tiller operated bed
maker-cum-seeder, seed-cum-fertilizer applicator, urea super granule (USG)
applicator, reaper, mobile rice hauler etc. are being used by the Bangladeshi
farmers. Adaptive research and development on these machineriesare also
progressing to cope up with rapid social, economic and environmental
changes in Bangladesh (Miah et al., 2014; Hussain, 2016 and Wohab,
2016).Most of the R&D activities are aimed at adapting the machines and
implement to local conditions of small farm holdings, replacing imported
items with locally producible ones and finding innovative engineering
solutions for the problems related to production and processing of local
produces.
Agricultural Mechanization
Mechanization is low in Bangladesh compared to other neighbouring
countries, but it is gaining pace with time. Since Bangladesh is an agrobased country and a considerable share of her GDP comes from agriculture.
With the use of limited mechanization in crop and other sub-sectors the
output from agriculture is increasing. Most importantly, the farmers are
getting the realization that to save time and cost of operation and to do
profitable agriculture, there is no other better option than to go for
mechanized agriculture. This creates the hope of better mechanization in the
years to come. Moreover, the farmers can go for some sort of other income
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generating activities in addition to doing agricultural operations by
machines. Bangladesh hopes of further development in the sector with the
modern mechanization technologies.
Custom hiring system in Bangladesh started with power tiller (PT/2WT)
and tractor (4WT) long ago, early seventies and presently it is gaining
momentum. More than 90% cultivable land is prepared by mechanical
means. Farm machinery used by the Bangladeshi farmers is described in
brief as below.
Power Tiller (PT/2WT): The supply of power tiller (PT) solely depends on
import, power ranges from 12 hp to 16 hp. At present, there are about
700,000 PTs operating in the country. During 2004 to 2007 about 55,000 to
60,000 PTs were imported annually, later the import trend slowed down
gradually. The supply chain of power tiller involves importer, wholesaler
and retailers. Five Dhaka based large importers are the main source of
supply of PTs to district wholesale and retail market. Farmer’s are using PT
for their land preparation as well as custom hiring for other farmers.
Tractor (4WT):The supply of tractors in the country totally depends on
import, power ranges from 30 hp to 60 hp. At present, there are more
than35,000 in agricultural sector, mainly in tilling and transportation
purposes. Since then, the number of tractor import is increasing rapidly and
gradually replacing the use of power tillers in agricultural sector. Few
private sector companies like The Metal, ACI Motors Ltd., Mahindra,
Corona are importing majority of the tractors and marketing through its
dealers and own showrooms at different district towns and business centers.
Most of the tractor companies are providing after sales services to the
buyers. Farmer’s are using for land preparation for their own as well as
custom hiring for other farmers.
Irrigation pumps:The supply of centrifugal pumps for shallow tube well
(STW) and low lift pump (LLP) depends on local production. At present,
there are about 36,979 DTWs, 1,417,008 STWs and 173,179 LLPs
operating in Bangladesh (Anonymous, 2016).
Sprayer:All types of hand and foot sprayers are produced locally. Only
knapsack sprayers are imported from China, Korea, Brazil and India. The
local manufacturers collect raw materials from Dhaka market and sell their
product 30% to district market and 70% to other districts. The annual
demand of locally produced hand and foot sprayers is about 300,000 units.
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The sprayer production units are facing some constraints such as high price
and lack of quality raw materials, lack of skill and knowledge related to
production, lack of market information, etc. Farmer’s are using for their
own land as well as custom hiring for other farmers.
Thresher:The supply of paddy and wheat threshers depends on local
manufacturers. The manufacturers collect raw materials mostly from local
market and sell on an average 30% at local market and 70% to other
districts and upazilas. The numbers of open and closed drum threshers in
the country already exceeded 150,000 and 280,000, respectively. The
annual demands of open and closed drum threshers are about 20,000 and
80,000 units, respectively (Ahmmed, 2016). The demand of thresher is
increasing and the production do not facing any competition from import.
The production of threshers are facing some constraints, the most common
are lack of skill and knowledge related to production, high price and lack of
supply of raw materials, lack of market and technical information,
inappropriate policy related to duties on imported raw materials etc.
Farmer’s are threshing for their crops as well as custom hiring for other
farmers.
Maize Sheller: Almost 100% maize shelling is done by BARI developed
maize sheller. Prior to development of maize sheller, the maize cultivation
was very limited due to shelling problem and low market demand. But, after
introduction of BARI designed and developed power maize sheller, the area
under maize cultivation rapidly increased all over Bangladesh and the
demand also increased rapidly. There are two types of maize shellers small
and large, their capacity are 1.50 ton per hour and 3.00 ton per hour,
respectively.
The supply of maize sheller is also depends on local manufacturers. The
manufacturers collect their raw materials mostly from local market and sell
on an average 25% at local market and 75% to northern districts of
Bangladesh.
The demand of maize shellers is increasing rapidly with the increase in
maize growing areas and increased production in the country. The main
constraints faced by maize sheller manufacturing are high price and lack of
supply of raw materials, lack of skill and knowledge related to production,
lack of market and technical information. The quality of manufacturing and
the profit margin may further improve by introducing automation in drilling
holes on cylinder concave, cutting and bending of metal sheets and plates
74

with scale up production practice and management. Farmer’s are shelling
for their own maize as well as custom hiring for other farmers.
Rice milling:Rice milling in the country is overwhelmingly mechanical
and there are about 15,239 husking mills, 650 semi-automatic and 350
automatic rice mills in the country (Rice miller association, 2013). In
addition there are about 100,000 traditional Engleberg type rice hullers in
the country. Recent studies identified that the number of husking rice mills
are shrinking and the businesses are being shifted either to semi-automatic
or to automatic rice mills. These modern rice mills are using mechanical
technologies, like pre-cleaning, parboiling, drying, milling, paddy
separating, polishing, de-stoning, silking, colour sorting aerating, bagging,
weighing & sewing.
High Speed Rotary Tillers (HSRT) and Power Tiller Operated Seeders
(PTOS):In Bangladesh, many areas like Rajbari, Faridpur, Magura,
Rajshahi and Dinajpur districts, the farmers are using locally developed
tilling and seeding machinery extensively. Some large farmers have
purchased HSRT/PTOS and using them commercially among other farmers.
The farmers who have purchased agricultural machinery have shifted from
subsistence agriculture to commercial agriculture using the machines. By
using a HSRT a farmer got the capital returned only in one season, using it
on hiring basis. Tines and rotating speed of HSRTs are 42-48 nos. and 500600 rpm and that of normal power tiller (PT) are 18-20 nos. and 300-400
rpm, respectively. This enhances quick land preparation as well as smooth
land preparation by reducing the number of ploughings from 4-5 to only 23. The agricultural engineers of Bangladesh have made this improvement on
the normal power tiller. Farmer’s are using for their own land as well as
custom hiring for other farmers in the selected districts (Miah, 2014).
Power Tiller Operated Bed Maker Cum Seeder:BARI has also
developed bed maker cum seeder. The machine is set behind a power tiller.
It can form bed both in ploughed and unploughed soils. In normal and
conservation tillage, this machine can be used to form beds and sowing
seeds. For planting maize, wheat, vegetable seeds in beds, the machine can
fairly be used. In some areas of Rajshahi and Dinajpur districts, this
machine is being used for planting wheat, paddy, pulses and oilseed crops.
Farmer’s are using for their own land as well as custom hiring for other
farmers in the selected districts (Hossain, 2016).
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Urea Super Granule (USG) Applicator: Another success is the recent
development of a urea super granule (USG) applicator developed by BARI.
This machine is only used to apply USG in transplanted rice fields. It can
place the granules at a depth of 6-7 cm into the muddy soil. The present
government strongly emphasized on the development of a USG applicator
for saving application time and cost of labour for USG application in rice
cultivation. More than 16000 units are used by the farmer’s for their own
land as well as custom hiring for other farmers in rice growing areas
(Wohab, 2016).
Combine harvester and reaper:In order to overcome scarcity of labour in
harvesting and planting seasons of paddy and wheat due migration of labour
to the higher paid non-agricultural sectors, rice transplanter, self-propelled
reaper and medium size combine harvester have high demand among the
farmers. Few importers namely ACI motors, The Metal etc. have started
importing rice transplanter and combine harvester from Korea and
popularizing among the farmers.
Generally rich farmers are more progressive and influential than the poor
farmers in the society and the rich farmers come forward to adopt new
technology. So, land size was another factor for adopting combine
harvester. Farmers in Thakurgaon district cultivated wheat along with aman
and boro rice. More than 100 units are used by the farmer’s for their own
field as well as custom hiring for other farmers in rice and wheat growing
areas.
In Bogra and Thakurgaon CLASS combine harvester was used for
harvesting boro rice and wheat, respectively. Crawler type and wheel type
combine harvesters were used for harvesting rice and wheat, respectively. In
Rangpur,crawler type Kukje combine harvester was used for harvesting
boro rice. In Dinajpur, combine harvester was used for harvesting boro rice.
Agricultural Machinery Research and Development Activities at Public
Institutions
Research and development of agricultural machinery is a continuous
process to overcome better socio-economic condition, resource availability
and income of the farmers. Several GO and NGOs are now working for the
research, development and dissemination of agricultural machinery. Some
of the activities of Public Institutions are enumerated below:
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Bangladesh Agricultural Research Council (BARC):BARC is the Apex
Body of National Agricultural Research System (NARS), committed with
coordinated research planning, research prioritization, funding of projects,
monitoring and evaluation of research activities and guide for need based
quality research to address the national needs. Also supports all categories
of R&D activities all sections of agriculture including agricultural
machinery development and agricultural mechanization in Bangladesh.
Bangladesh Agricultural Research Institute (BARI): BARI, having
nationwide research stations, is responsible for conducting research on all
crops and its related agricultural machinery except rice, jute sugarcane, and
tea, for which there are separate institutes. There is a separate unit of BARI
known as Farm Machinery and Post Harvest Processing Engineering
(FMPHPE) Division. FMPHPE Division is now conducting research on
conservation tillage, seeding and planting machinery, intercultural operation
and irrigation implement, harvesting machinery, postharvest machinery and
renewable energy. A good number of agricultural machinery such as highspeed rotary tiller, power tiller-operated seeder, bed planter, zero-till
planter, USG applicator, upland weeder, reaper, multi-crop thresher, handmaize sheller, power maize sheller, potato planter, potato harvester, potato
grader, winnower, mango harvester, hot water treatment plant, hybrid dryer,
compost separator, coffee grinder, manual groundnut sheller, power
groundnut sheller, turmeric polisher, coffee roaster, solar pump, slicer,
carton, axial flow pump, garden boom sprayer has been developed by this
Division. This Division also work for dissemination of BARI developed
technologies and trained mechanics, service provider etc.
Bangladesh Rice Research Institute (BRRI): BRRI, located in Gazipur
has a well established department known as Farm Machinery and
Postharvest Technology (FMPHT) Division. FMPHT Division is now
conducting research on head feed power thresher, single and double row
conical weeder, inclined plate type seeder machine, whole feed mini
combine harvester, head feed mini combine harvester, manual rice
transplanter, manual seed sower machine for raising mat type seedling,
power operated seed sower machine, modification of reaper binder,
minimum tillage unpuddled mechanized rice transplanting, USG deep
placement mechanism in the rice transplanter, prilled urea deep placement
mechanism in the rice transplanter, Prilled urea applicator (BPUA) for long
duration rice variety, milling and processing technology, storage technology
and renewable energy technology. Several field machines Manual rice
transplanter, drum seeder, multi-crop seeder , manual operated weeder,
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power weeder, priled urea applicator, USG applicator, mini combine
harvester, PTO reaper, winnower, close drum thresher, open drum thresher,
panicle thresher and solar light trap developed by this Division. This
Division also a program for popularization of BRRI developed farm
machinery and Postharvest technologyAll over the country.
Bangladesh Sugarcrop Research Institute (BSRI): BSRI is one of the
oldest research institutes of Bangladesh conducting research on Sugarcane,
Palmyra pum, Date pum and sugarbeet,the raw material sugar, gur and cane
juice.Sugarcane juice extraction capacity of locally made existing power
crusher is about 45 to 50%, which is a significant loss for goor makers of
Bangladesh. To reduce this loss Agricultural Engineering division of BSRI
has developed an improved power crusher which has a juice extraction
capacity of as high as 62%. About 50,000 improved power crushers
are now used disseminated in all over Bangladesh.
Bangladesh Jute Research Institute (BJRI): BJRI is the oldest mono-crop
research institute of the country. About 30,000 manually and powerdouble
roller jute ribboners developed by BJRIare used in all over Bangladesh.
Department of Agricultural Extension (DAE): DAE is a well established
and the oldest institution for promoting agricultural technologies to farm level and
to bring farm level problems to research institutions for solution. It provides a vital
link between the R&D institutes and the farming communities regarding the
farming problems and the needs of research and development works. DAE
executed mechanization project entitled ‘Enhancement of Crop Production through
Farm Mechanization Project’ since 2009. The project aims to enhance cropping
intensity and reduce post-harvest losses. In the first phase of project, speeding up
farm mechanization by offering 25 percent subsidy for agricultural machineries
such as power tillers, tractors, power threshers and combine harvesters. In the
second phase, conduct two censuses on agricultural machinery, and construct a lab
to test the quality of the agricultural machinery. It is also expected to create facility
for mechanic training, construct sheds for machines and procure 1,500 farm
machineries to provide rental services. In this project, subsidy raised 30% to 50%
for farmers to purchase agriculture machinery with a view to expand mechanized
seeding, transplanting and harvesting such that growers can produce more food at a
reduced cost.
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Bangladesh Agricultural University (BAU):The premier seat of higher
agricultural education and research in the country covers all the domains of
agricultural sciences having a separate faculty of Agricultural Engineering
and Technology. Several farm machines such as reaper, rice dryer, solar
dryer, seed-cum-fertilizer applicator, sprayer, etc. have beendesigned and
developed here. In addition to donor funded research, post-graduate (M.S.
& Ph.D) level research is being carried out in this subsector.
Rural Development Academy (RDA):RDA is a public institution
responsible for rural development in general. However, most of its
development activities are focused on agriculture and agroindustries,including agricultural mechanization. This institute is also
involved in doing limited adaptive research on agricultural machinery
development and promotion in Bangladesh.
Activities at Private Institutions
Very limited adaptive research on agricultural equipment are also being
carried out by several non-government institutes, namely, BRAC, Practical
Action, ActionAID, and CARE. Agricultural machinery business firms like,
ACI Motors, The Metal (Pvt.) Ltd, MAWTS, Alim Industries are also
performing limited R&D activities in collaboration with public institutions.
Support from International Organizations
International organizations like International Rice Research Institute (IRRI),
International Maize and Wheat Improvement Center (CIMMYT), CSAM,
USAID, SAARC Agriculture Centre, FAO,DFID, KOICA are providing
technical and financial support in R&D activities to the public institutes in
Bangladesh.
Constrains Affecting R&D Activities and Suggestions for Mitigation
The agri-machinery sub-sector is still recognized as a part of non-formal
industrial sector. Very limited effort has been made so far to assess the
market demand and supply, needs of improving coordination of R&D with
fabrication and marketing and the needs of modernising the technology
involved in it. The private sector is not expected to establish a strong R&D
program for farming and processing machinery in the near future;
The public sector institutions lack a master plan for mechanization of
agricultural production and agro-processing activities based on national
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food and agricultural policies; irregular and uncertain funding and lack of
sustainable collaboration among R&D capable institutions are hindering
R&D activities today.
The following activities are suggested to help necessary R&D activities
(Ahmmed, 2016).















Agricultural mechanization policy (AMP) must be formulated
immediately including machine development and manufacturing,
quality protection by standardization of machines, skill development of
researchers, farmers, mechanics and machine operators and marketing
system improvement.
Establishment of a ‘Central Institute of Agricultural Engineering
(CIAE)’ for continuation of innovation throughR&D withgovernment
and non-government organizations and development partners initiatives,
along with a well equipped fabrication workshop and adequate funds for
running a core program;
Formation of a high level National Agricultural Mechanization
Committee for formulating and periodically updating Agricultural
Mechanizations Policy and guidelines for testing and standardization of
agricultural machines, implements and spare parts;
Modernization of local foundries and workshops through collaboration
and experience sharing activities among the Asia-pacific region and
industrialized countries;
SAARC may take policy for up scaling and modernization of the country
based manufacturing workshops to produce precise agricultural

machinery;
Provide on-job training for the mechanics and technicians to develop
their skill, efficiency as well as production of quality machinery;
SAARC can take initiatives to formulate policy in ministry level among
the member states to make the successful machinery of one country
available to the other states in duty and tax free cost as well as
subsidized rate and
Strengthening capacity of agri-machinery entrepreneurs through transfer
of proto-type machines and technologies among the industrialized
countries of the SAARC region and, visiting and training of proper
personnel in countries which have achieved success in developing and
producing farm machinery.
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Conclusions
Research and development on agricultural machinery and equipment in
Bangladesh is progressing at a pace slower than expected. Farmers want
affordable and appropriate machines and implements to enhance production
and productivity. Both ownership and custom hiring of farm machines are
increasing in Bangladesh. Small size of farm holdings, high intensity of
cultivation and need of soil conservation, reduction of harvesting and post
harvest losses and value addition to the produces demand accelerated R&D
activities. The above mentioned suggestions are expected to invigorate
needed R&D activities to meet the expectation of the agricultural sector
development of Bangladesh as well as the SAARC region.
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Introduction
Bhutan is a landlocked country situated in the Himalayas,sharing borders
with two of the most populated countries in the world, China in the North
and India in the South. Most part of the land is mountainous with an area of
38,394 km2 bisected by 90º30′ E and 27º30′ N. The land area constitutes the
wet narrow subtropical belt along the southern border with India with
elevation from 150 m to 600 m above sea level, having one of the highest
rainfalls in the world. The altitude rises northwards to the humid subtropical
region up to 1200 m gradually to the dry subtropical regions, followed by
the entry into the warm temperate region, and then the cool temperate
regions and the alpine meadows. Finally the northern border is part of the
permanent rocky snow-clad greater Himalayan mountain range. 70.5% of
the total land is under forest cover and 60% declared to be under protected
areas for all times. Temperature in the subtropical belt lies between around
15ºC and 30ºC, decreasing below zero in the permanently ice-capped
northern mountains. The width of each belt is in no way uniform, extending
upwards with the rising rivers which run north to south. The human
habitation lies from the Southern border to the north up to around 5000
meters. Above altitude of 4000 meters, the inhabitants are mainly nomadic
people engaged in livestock rearing.
As per the last population and housing census of 2005, the population was
634,982, projected to 779,666 in 2016. The political system is democratic
constitutional monarchy, from 2008. There are three main ethnic groups
namely the Sharchops, the aboriginal inhabitants of the eastern part of
Bhutan, the Ngalong the inhabitants of the Western part and the Nepali
mainly inhabiting the southern part. The national language is Dzongkha
using the Tibetan script. Administratively the country is divided into twenty
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provinces called dzongkhags which are further divided into 205 sub
provinces called gewogs.
Agriculture Situation
Primarily an agrarian country, around 57.6% (labour force survey 2014)
depend for their livelihood on agriculture. The contribution to the GDP is
16.52% in 2016, which has been falling not in the absolute term but that the
contributions of other sectors such as the hydro power, tourism and
industries have risen comparatively much higher.Currently only around an
estimated 2.93% of the total area is under agricultural use. Agriculture has
been subsistence oriented with extension into the commercialization from
recent time only. Rice is the preferred and the main staple food crop grown
almost entirely in wetlands in areas from around 150 meters to over 2800
meters above sea level. Cultivation of rice is mainly in irrigated fields but
heavily dependent on the monsoon in many areas. The production is low
limited by the national average yield and aggravated further by the
decreasing cultivated area. 50% of the total consumption of rice is imported.
In terms of the cultivation and production, maize surpasses rice. Maize
cultivation is in rain fed areas. Potato, mandarin, apple, areca nut and
cardamom are some of the other main cash crops most of which are
exported. Vegetables grown in the summer find good market in India
especially in the neighbouring state of West Bengal. There are also other
lesser cereal crops such as wheat, buckWheat, barley and millets, which
form important cereals for the marginal farmers.
Being insufficient in most cereal crops and oil, and vegetables in winter,
they are supplemented by imports, which tend to be cheaper than those
produced inside the country. The market price of Bhutanese rice is at
around Nu.70.00 (US$ 1) per kilogram. More than 50% rice consumed is
imported along with other commodities such as vegetable oils and dairy
products. Due to the increasing labour cost and other multiple factors,
combined with low yields, costs of production for most commodities tend to
be often high making them relatively uneconomical and unattractive.
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Figure 1. Cereal crop production and cultivation area (2016)
Source: Agriculture Statistics 2016

However, there is rising attraction on the exportable commodities fetching
premium prices such as the Bhutanese red rice and other cash crops like
cardamom. Lately, due to increasing opportunities in other secondary and
tertiary sectors, there has been steady decrease in the number engaged in
farming effected by the ever increasing farm labour outmigration, basically
rural to urban migration. The consequence of this has been the increasing
fallow lands which in time gets covered with thick vegetation followed by
wild animal attacks on the adjacent existing cultivated lands of
neighbouring farmers. The biggest constraint faced in agriculture is farm
labour constraints & drudgery, crop depredation by wild animals and
inadequate irrigation are generally accepted as the main ones. The out
migration comprises the able bodied younger generations attracted by the
modern amenities and changing values. Subsequently the remaining
population comprises mainly the elderly citizens.
Current State of Farm Mechanization
Farm Mechanization as labour saving technologies has been steadily
gaining importance since the establishment of Agriculture Machinery
Centre in 1983 with the farm mechanization implementation guidelines.
The objective was to identify and promote labour saving farming
technologies. In the implementation guideline, AMC is to take up the
activities as a package until the time the activities are not economically
viable to be taken up by private agencies. The component activities are to be
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discontinued if the private entrepreneurs come into existence so that
competition will be avoided. The services are to be made available at
subsidized prices on transportation and back up services, uniformly
throughout the country.
Labour shortage
Crop damage by wild animals
Insufficient irrigation supply
Limited access to markets
Crop damage by insects/diseases
Unproductive land
Shortage of land
Limited access to seeds
Limited to tools & equipment
Hail storm/wind
Drought
Excessive rain
Land slide/ soil erocion
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Figure 2. Percentage of farming households affected by various constraints
in the year 2016(Source: Agriculture Statistic 2016)
Farm mechanization is generally accepted as the solution to alleviate the
growing farm labour constraint and the drudgery associated with it. The
activities carried out are in an integrated manner wherein all the necessary
component activities are implemented as a package. The success in Bhutan,
can be attributed mainly to the promotional strategy of pursuing in a holistic
manner. Bhutan’s farming communities are relatively isolated, remote,
often with limited inaccessibility and highly dispersed in many places over
the rugged land surfaces. The introduction of farm mechanization have been
backed up by training in the operation and maintenance and prompt after
sales services in terms of the installation, maintenance, repair and ensuring
that the spare parts are readily available. In a country with weak private
sector and lack of other strong stakeholders, complete packaged
interventions with all supporting components implemented almost only by
the state become essential as an intermediate measure.
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Figure 3 contains a chart of the holistic approach of the promotion of farm
mechanization in Bhutan. As shown in the organization chart, it can be seen
that first activity is the exploration and identification of suitable
technologies. The second is the sourcing in technologies by collection of
prototypes, samples and testing them for their performance, quality and
safety. This is followed by the procurement and distribution of the machines
to the clients, the farmers. The fourth is the after sales services carried out
whereby the machines are transported, assembled and installed at the
farmers’ places. Following this a person either the farmer himself or an
individual identified by him is trained in the operation, maintenance and
repair of the machine. The after sales services also include the maintenance,
repair backup and ensuring stock of spare parts. To ensure that the
technology either as physical machines and tools or the services are of
acceptable standards, all machines are inspected and tested for their
performance and safety. Targeting the small farmers whose land holdings
and income does not justify the purchase of sole ownership, farm machines
are provided on custom hire.
Another activity taken up for the long term sustainability is the adaptive
research and development of machines and tools. The objective is to build
the in-country skill in research and development and achieve technological
self reliance as far as possible.

Figure 3. Chart showing the essential component activities of farm
mechanization
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Prior to June 2016, all components of the farm mechanization activities
were carried out by AMC.In an attempt to improve efficiency of the
provision of the mechanization services to the farmers, the Ministry of
Agriculture & Forests has corporatized the machinery hiring and the backup support services from July 2017. A number of farm machinery service
centres have been established at various locations placing fleets of machines
with operators. Many more are being planned to improve the accessibility
of the services in the whole country. Table 2 shows the increasing areas
under mechanization taken up by the Farm Machinery Corporation Limited.
The current decade has also seen a sudden surge of the supply of the farm
machines by private firms. More than 3000 units of 12 horse powered
power tillers have been supplied within the last ten years besides many
other machines. The recent years have seen the rising active private
enterprises dealing in the farm machinery sale.
Accordingly, service oriented activities which are commercial in nature
have been handed over to the newly established Farm Machinery
Corporation Limited by AMC, namely procurement and supply, installation,
repair & maintenance, the sale of spare parts, and the hire service of farm
machines. Large commercial farms have been created under FMCL, mainly
in the southern plains with the objective to reap the benefits of large scale
mechanization using bigger machines.
Agriculture Machinery Centre continues to be engaged in the core activities
of identification and development of new technologies, controlling the
quality, standard and safety of farm machines being developed and
introduced, and providing training in their operation, maintenance and
repair. Also it is responsible in monitoring and providing technical guidance
for the activities of FMCL.
Farm mechanization promotion being implemented has three targets. Firstly
the sale of farm machines to the farmers so that they can perform the
agricultural works themselves. Second is those who cannot investment in
machineries can avail the services on hire. The third is that the MoAF
establishes state owned large farms to be operated commercially through
mechanization. In pursuit of the second and third targets, FMCL maintains
fleets of machines at their various service centres. Table 1 shows the sale of
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the farm machines and table 2 shows the list of machines under each
regional centre of FMCL. 353 sets of new power tillers will be added to the
existing fleet maintained by FMCL. Figure 8 shows the areas under
mechanization over the past years.
Besides the government’s support in terms of the annual budgetary grants,
promotion of farm mechanization also has strong external assistance
components in terms of the agricultural machines as grant aid as well as
technical assistance projects to strengthen infrastructure and human
resource. The assistance encompasses all component activities of AMC and
the FMCL.
Graph in figure 6 indicates the areas under mechanization taken up by AMC
& FMCL. The demands for labour saving machines have always surpassed
the availability. The trend is expected to continue for some more years. This
has encouraged the private sector to participate actively in the supply of the
machines and subsequently, the required back-up services.
The machines not only alleviate the farm labour constraint of the buyer, but
the neighbouring farmers also benefit from the farmer to farmer hiring. The
economic benefits of the machines are very high with very short payback
periods.
The services mentioned above are made available through the regional
centres of the two organizations spread throughout the country. AMC has
three regional centres whereas FMCL has around 12 service outlets
including the four regional centres. The technical back stopping is also
supported by the Dzongkhag RNR sector available under the dzongkhags
administrations of twenty dzongkhags with their own RNR sub centres at
the 205 Gewogs.
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Figure 4. Organization chart of AMC
Technically they are responsible to the Department of Agriculture of the
Ministry of Agriculture & Forests. Besides there the RNR Research &
Development Centres in the four zones with whom the AMC and the FMCL
collaboratively function in the delivery of the services.
Table 1 is the agricultural machines supplied to the farmers from 1983 and
within the last 10 years. Prior to 2007, the data is purely the supply of
AMC. From 2007 onwards, the figures include the supply of some of the
private firms and 2016 and 2017 include the supplies of AMC and FMCL.
The figures do not include supplies by some firms from whom the figures
were not available. However, the figures should not vary appreciably.
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Figure 5. Organization Chart of FMCL
From the table 1 it can be seen that the major interventions have been in the
post harvest processing followed by that for land preparation. There have
been minimal interventions for some of the field operations such as
transplanting, weeding and harvesting. One of the main reasons have been
that compared to the post harvest machines and the land preparation
machines, which have uses throughout the year is seen to be worth the
investment. The others are only seasonal for very short durations lasting
only about two weeks even if custom services are provided such as in the
case of harvesting in Paro. Rest of the year the machine remains idle.
Analyses have invariantly indicated that mechanization in general does help
reduce the labour and drudgery drastically and enhances the economic
viability. It is seen as the lifeline for the continuity of farming and for that
matter national food security. In the province like Paro, where the labour
cost is one of the highest in the country the rice cultivation is seen to be
uneconomical if done purely in the traditional way.

91

Table 1. Major agricultural machines supplied to farmers
Sl. No. Description
Total for last 10 years Total from 1983 (qty)
(qty)
1 Tractor 40hp & 52HP
38
125
2 Tractor 16hp & 18HP
61
187
3 Power tiller
3178
5504
4 Power thresher
0
189
5 Power Reaper
74
162
6 Power sprayer
8
128
7 Paddy transplanter
131
184
8 Water pump
39
255
9 Brush cutter
0
410
10 Oil mill set
185
367
11 Rice huller
1791
5286
12 Flour mill
1703
5111
13 Corn flake machine
458
705
14 Mini tiller
268
272
15 Mini flour mill
1866
1866
16 Mini rice mill
900
900
Table 2. Major machines maintained for hiring and commercial farming by
FMCL
SL.
No.
1
2
3
4
6
7
8
10
11
12
13

Particular
Power tiller
Tractor 18 hp
Tractor 34 hp ~60 hp
Combine harvester
Power reaper
Transplanter (4 & 6
row)
Transplanter(2-row)
Water pump sets
Paddy Thresher
(Pedal)
Power Paddy Weeder
Bhutanese Power
Thresher

RFMCL
Bondey

RFMCL
Bajo

RFMCL
Khangma

RFMCL
Samtenling

Total

32
10
4
7
47

42
1
3
1
32

19
6
8
4
6

6
23
5
4
8

99
40
20
16
93

1

1

9

2

13

9
4

7
5

4
2

2
1

22
12

6

0

0

3

9

25

1

0

0

26

21

1

0

6

28
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Figure 6. Area under mechanization in acres taken up by AMC & FMCL
through hire service and commercial farms
Traditionally men have been performing both farming and off farm works
such as trading, requiring the travel out of home and the locality, thus
increasing the role of women in farm works. Despite the declining
economy, rice farming tends to be continued particularly where women are
involved mainly because of the confidence in their long term acquired skills
and limited opportunities for off farm occupation.
Table 3 shows a break-up of the field works of the typical cultivation of
paddy in Paro, both when performed manually and with existing level of
mechanization. Data collected vary from farmer to farmer and place to place
based on individual’s farming situation and practice. To mention a few, for
instance the location of the fields such as proximity to the forest boundary,
in which the animal guarding requires more time than those fields nearer to
human habitats. The situation is similar in case of the irrigation water where
there is acute shortage and sharing by time is the practice; requiring more
time in monitoring day and night than those communities where the water
scarcity is less.
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There are other factors causing the variations likewise. And the situations
are fast changing with the government’s interventions. For example, time
for guarding the fields is addressed by electric fencing now introduced
extensively starting from a couple of years ago.
Table 3. Comparative costs of paddy cultivation in Hungrel gewog, Paro.
Operation
Manure application
Land preparation
Transplantation
Uprooting seedlings
Fertilizer application
Weeding
Guarding
Harvesting
Collection
Threshing
Drying

Traditional Nu.
Male
Female
350.85
4,448.87
6,165.28
592.48
3,335.38
25,294.87
386.40
1,240.84
683.91
571.80
21,095.35
8,721.47
2,123.17
3,171.61
7,448.30
2,386.26
4,582.40
5,620.25
4,485.10
459.15
1,075.49

Mechanized Nu.
Male
Female
350.85
4,448.8
1,889.16
398.37
626.07
410.02
386.40
1,240.84
683.91
8,721.47
2,123.17
521.01
225.09
2,386.26
4,582.26
1,249.55
1,125.10
459.15
1,075.49

Source: Survey by AMC, 2015
Another factor positively influencing the continuity is the government’s
policy of restriction on the conversion of the wet land use to any other
permanent forms of uses such as construction and plantation.Figure 9gives
the total comparative labour inputs and costs of in rice cultivation in
Hungrel, derived from the result of the survey of a village in Hungrel
Gewog of Paro dzongkhag. From data of the survey it revealed that in the
traditional method, total female labour input was 146 days for an acre
against 62 days for men. These are reduced to 74 days and 34 days
respectively indicating reductions of 72 days for women and 28 days for
men, if the cultivation is carried out at the present level of mechanization.
Men’s inputs are in those works which require higher rate of energy input
such as ploughing but is usually for relatively shorter durations.
Mechanization has been able to reduce the female work load more than that
of male. The effects of the displacement of the female labour from
agricultural works by mechanization are yet to be studied. There are two
aspects to this. One is the work becomes easier such that the ones which
used to be done by men tend to become easier so that the women can
perform them. On the other hand those field operations requiring high
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number of workforce such as transplanting, weeding and harvesting mainly
done by women get replaced by single machine with operators being
usually men.
There is yet another indirect but important attribute associated with
mechanization. Mechanization makes the physical works appealing to the
younger generations and therefore offers hope of continuity of agriculture.
Male Traditional

Female Traditional

Male Mechanized

Female Mechanized

146

75

62
34

Figure 7. Comparison of labour required in rice cultivation
Source: Cost of rice cultivation in Paro (Norbu, K. and Oishi, 2015)

In a country with rugged terrain with difficult accessibility mechanizing
farming has always been challenging. Small field plot sizes combined with
very limited land holdings of individual household aggravated further by
the continuous fragmentation from one generation to the next, makes
mechanization of most field operations often difficult and uneconomical.
Recognizing the need to address the issue and the limited capacity of the
farmers to invest on expensive machines for individual ownership, hiring
service was also provided both for land development and crop cultivation.
The support comprises strong subsidy component from the government,
which is continued till date.
The mechanization intervention have been mainly in land preparation,
transplanting, harvesting and post harvest processing focused on cultivation
of rice, maize, potato and to lesser extents, other crops such as oil seeds.
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Some operations like weeding although demands the most labour input, has
not received adequate intervention to alleviate the constraint. The reason
especially the introduction of the herbicides reduced the labour requirement
significantly in weeding particularly in rice cultivation such that mechanical
methods were not preferred. From recent times however, the reducing
efficacy and the increasing costs of the herbicides combined with the
importance placed on organic agriculture, the intervention to either source
in or develop appropriate weeding equipments have been revived. In case of
maize, it is cultivated in dry land on the slopes and usually intercropped
with other crops such as potatoes. This makes the introduction of
conventional mechanical weeders difficult.
The extents of adoption of mechanization vary with Paro leading and
gradually decreasing towards the east and the southern regions. The farm
power input is predominantly in the form of human energy and animal draft
power. The use of tractors and other machines although increasing rapidly,
is still comparatively lower than the other traditional methods which are
either manual or using animal draft power. They are concentrated in the
plain areas and broader valleys mainly constituting the wetland and
generally terraced; highly dictated by the accessibility. Exception is the
stationary machines such as the post harvest processing machines which
have seen almost uniform distribution throughout the country based on the
main crops of the locality.
The demands for new machines still continue as the location of the mills
owned by a farmer cannot conveniently cater to the neighbouring farmers,
being often difficult due to the dispersed locations. It is expected that the
trend will persist as there are many areas not yet reached either due to
labour and accessibility for not yet developed to allow the replacement of
the manual and animal draft power by machines. On the other hand, lack of
accessibility by mobile transport machines among farm households in a
village, also have rather made individual ownership of especially stationary
machines comparatively more favourable. Therefore, as can be seen from
the supply, there is growing popularity of small capacity machines. The
investments on machines have not only alleviated the labour shortage and
drudgery, but also financially benefited the farmers by cash income from
custom works. The payback periods of most of the post harvest machines
96

are very short thus making it economically viable. Economic viability is
realized even for household ownership and using only for one’s own milling
as there is sufficient saving in not having to pay out custom milling charges.
Alleviation of the drudgery involved in having to take the products to be
milled to another place is an added benefit. The benefits of farm
mechanization can be shown from the saving in time and the costs of the
operations between the traditional methods and the mechanized methods.
Tillage
Traditionally, the land preparation was carried out manually with hand tools
such as hoes and spades. Animal draft power basically pairs of bulls pulling
the tillage implements such as the ploughs and wooden levelers are still
widely used. In the west and the south ploughing is done with a pair of bulls
and one man. In the eastern part of the country, normally two men are used
with one pair of bulls; one man at the plough handle and steering it and the
other positioned at the centre of the yoke to control the bulls. The yoke and
the drawbar of the plough are comparatively bigger than that used in the
west and south.
Introduction of tillage machines include the two wheel tractors (popularly
known as power tillers) and the four wheel tractors. Power tillers introduced
in the country are of 10 to 12 horsepower capacities. Power tillers have a
range of tillage implements such as the reversible mouldboard ploughs,
rotary tiller, ridger and root crop harvesters (used mainly for harvesting
potatoes). Compared with the traditional animal draft power using two
bulls, the power tiller has a labour saving of two to three days per acre. The
other advantage is the quality of the land prepared with the power tiller is
superior. Field experiment carried out indicated the influence on yield of
paddy by an average of around 10% over the traditional method performed
manually and using bulls. The difference could be attributed to the
increased depth of ploughing and the better turning of the soil. The
pulverization of the soil using the rotary tiller is far superior to the
traditional method; done manually using hoe and a bullock drawn wooden
leveler. The other implements that are available for the power tiller are tine
harrow, ridger for making furrows and beds and potato digger.
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Power tiller as the most popular agricultural machine in the country lies in
the fact that it has multipurpose uses and suitable for small farmers with low
land holdings. Operation and maintenance is not very difficult on top of
being affordable. The engine can be used as prime mover to drive water
pumps, thresher, and run dynamos to generate electricity. It is equally
useful for haulage by attaching a trailer for transportation of goods.

Figure 8. Ploughing with bulls in the east (left) and a power tiller (right) for
barley, buck, wheat and potato cultivation

Figure 9. Power tiller for rural transportation (left) & potato harvester
(right)
On interviewing farmers in Paro, Punakha and Sarpang, they have indicated
that the cost of the power tiller purchased with loan can be paid back in
around four to five years with the earnings from the customs hire service to
neighbouring farmers combined with the carrying out of other income
generating activities.
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The other tillage machines are the tractors with horse powers commonly
ranging from 18 to 60 and few not so common going up to 100. Tractors are
used mainly in larger fields providing customs services which includes off
farm works. The set of implements used are the multi furrow ploughs
mainly the mould board and the disc ploughs. Rotary tillers and tine
harrows are also used. Ploughs are used for the first operation with the
rotary tiller and the tine harrow following it. In case of the tractor the use in
off farm and non agricultural works tend to be higher being not limited by
seasonal needs. The higher duration throughout the year is for transportation
using a trailer.

Figure 10. Puddling using a Yanmar 12hp power tiller in small terraces
(left) and a Kubota 34 hp tractor (right)
Machines owned by farmers are maintained well. Provided spare parts are
available, there are cases where power tillers and tractor are in service
beyond twenty years. In fact for many of the farmers who own either a
power tiller or a tractor, higher priority is to maintain the machines to be
able to continue farming, than to be able to make quick income for a short
duration. Wherever feasible, bulls are replaced by power tillers and tractors
making them not only preferred but inevitable.
Considering 10 years life of the tillage machines, there are estimated over
3000 power tillers, over 100 tractors and 300 mini tillers dedicated solely
for farming currently in the country. The number indicated does not include
those from private enterprises from whom the supply figures were not
available especially the tractors. The demands have been rising.
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Initially the source of the agricultural machines then introduced used to
come mainly under the grant from Japan. The most popular power tillers are
10 hp to 12 hp of Kubota, Yanmar and Mitsubishi make. From recent times
the private enterprises have also actively started distributing many
agricultural machines, power tillers being one of them, made in Vietnam,
China and from India. Similarly like the power tillers, tractors made in
Japan, India and Korea are in distribution such as Kubota, Mitsubishi,
Shibaura, Sonalika, Mahindra, Farm Track, New Holland. Tractors
originating from Japan basically come under the grant aid scheme and those
from other countries are directly dealt by private companies.
The 12 hp power tillers are not really suitable for the small fields and
narrow terraces in the high gradients of the mountain slopes. They are also
too heavy for women in general. With the objective of addressing the
issues, mini tillers originating from Japan, China and India are being
distributed.

Figure 11. Japanese 6.5 hp mini tiller demonstration targeting small fields
and suitable for women.
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Table 4. Cost and labour comparison of ploughing in Paro
Methods
Time taken
Cost
Remarks
mandays/acre
Nu./acre
Using bulls
4
3,200.00
Based on existing hire
charge
Using power
1.33
1,866.67
Based on existing hire
tiller
charge
Using 34 hp
0.67
1,933.33
Based on existing hire
tractor
charge
Nursery Raising and Planting Machines
The intervention has been primarily for paddy cultivation constituting the
nursery raising machines and the transplanting machines. A number of
potato planters drawn by tractors have been sold to the farmers. Paddy
cultivation starts with the land preparation with the application of manure.
Simultaneously nursery is raised by sowing seeds in the field specially
prepared for raising paddy seedlings. As the seeds are sown in dry beds and
normally without prior seed selection, germination is low and the area of the
land used for nursery is quite high (around a quarter of the field to be
transplanted). Weeding is additional labour required.
Seedlings raised thus are transplanted either randomly (still common
practice) or in rows. The introduction of the mechanical rotary weeder
encouraged the line transplanting, reducing the labour and drudgery
subsequently. Figure 15 shows a typical transplanting in line using a
stretched nylon rope. Manual transplanting is still predominant throughout
Bhutan.
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Figure 12. Seedling uprooting in traditional nursery (left) & nursery in trays
for machine transplanting (right)

Figure 13. Paddy transplanting in rows in farmer’s field (left) and
commercial farm (right) using nylon rope

Figure 14. 4 row (left) and new 6 row ride on transplanting machine (right)
maintained by FMCL
With the objective of minimizing the labour requirement, machine
transplanting was introduced. Two rows, four rows and 6 rows transplanters
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from Japan and Korea were introduced. This necessitates growing nursery
in mat form mainly in two square feet of rectangular plastic trays inside
plastic greenhouses. In the warmer places the green houses are not
necessary. Machine transplanting reduces labour substantially by as much
as twenty times. A two row transplanting machine with one operator can
transplant 2 acres in a day; equivalent to manual transplanting of the same
area generally by twenty women. Further benefit follows at the time of
weeding, as the row transplanting enables the use of mechanical weeding
machines. The technology is gaining momentum. It is limited currently by
additional skills needed in raising nursery. Field preparation has to be better
than that required for traditional method. Another factor causing the
limitation is the initial investment on machines and greenhouses for nursery
raising.
Table 5. Cost and labour comparison of transplanting
Time taken
Cost
Methods
Remarks
mandays/acre Nu./acre
Manual
10
5,000
Based on existing
transplanting
practice
2 row transplanter
0.50
650
Based on FMCL rate
The cultivation of maize is by seed being dribbled in the furrow made by
the plough drawn by bulls and covered manually. To a limited extent the
use of power tillers and tractors are used to make the line for sowing the
seeds and covered either manually or by planks. In case of other cereals
such as wheat, buckWheat, millet, oats, etc. the seeds are broadcasted and
later covered by using a wooden plank leveler usually drawn by bulls
instead of plough.

Figure 15. Drum seeders for paddy direct seeding planned to be promoted
along with machinery transplanting
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Simultaneously direct seeding technique is also being tried for paddy
cultivation, which is however, at a very early stage. Trials have been carried
out and have yielded positive results. The advantage is that seedling raising
for transplanting which requires skill and investment can be eliminated.
Suitable seeding machines and techniques of sowing for different crops are
being looked into.
Intercultural Operations
Controlling weeds and aerating the soil have been the main intercultural
operations in all crop cultivation. The intervention in general has been the
supply of hand tools and to a limited extent, rotary manual weeders for line
transplanted paddy. Weeding is done manually using small hand tool which
also aerates the soil. Efforts are being made to promote walk behind type
multi row power weeding machines as well as attachments to tractors.
Currently the use is limited.
Another form of intercultural operation is the application of manure and
fertilizer, which again are done entirely manually including mulching with
leaves, chopped straws and grass both at the time of planting and after. In
some cases, the prevailing cultivation practice of intercropping also makes
it difficult to use the conventional mechanical equipments to perform
intercultural operations such as in case of maize intercropped with potato.
To some extent bullock drawn cultivators are used in row planted potato
fields for ridging and the control of weeds. Except for simple tools and
equipment affordable by farmers with small land holdings, the adoption of
power equipment will remain limited to the larger farmers justified by the
adequate income. Situation is expected to change for the better with
increased adoption potential if the farmers could form groups to avail the
services. As the weeding is the most laborious work in most crop
cultivation, there is high potential to incorporate the use of some power
equipments for the intercultural operations in the future.
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Figure 16. Small power rotary cultivator being introduced
Irrigation
Irrigation is predominantly by gravity flow through either open earthen or
concrete channels. Although the importance of irrigation was known many
years ago, strong interventions in terms of adequate budgetary allocations
took place only from recent years. Major irrigations schemes are being
started targeting mainly the paddy cultivation as the primary crop. Lift
irrigation system using diesel engine run centrifugal pumps with capacities
ranging from 300 litres per minute to 2000 litres per minute were supplied.
The other was the centrifugal pumps which can be attached to the power
tiller using its engine as the prime movers. Normally with delivery head
below 20 meters, irrigation pumps have been used primarily for paddy
cultivation as a supplement to the shortage of water in case of late monsoon.
The use of the other irrigation system such as the drips and sprinklers are
low but picking up steadily with the cultivation of vegetables and cash
crops.
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Figure 17. Portable trolley mounted centrifugal pump driven by 12hp diesel
engine with a delivery of 1000 litres per min and delivery head
of 15m
Fertilizer Application
The use of synthetic fertilizers has always been limited. The application has
been entirely manual work; applying during land preparation followed by
application during intercultural operations usually as top dressing. The use
of farm yard manure is prevalent universally almost for all crop cultivation,
composted over a year with the leaf litter collected from the forests and
used as bedding for the livestock. Almost every farm household rear cattle
and the application of the farm yard manure is a standard practice thus
enabling the soil structure to remain favourable with adequate humus.
Normally the compost is dug, loaded in bamboo baskets and carried by
women on their backs to the fields. Then it is spread out following which
the field is ploughed, thus burying the compost and the fertilizer. The
mechanization of the fertilizer application by using manure spreader
operated with tractors are yet to pick up. Wheat seed drill cum fertilizer
applicator has been tried and is expected to pick up only with the increase in
use of the fertilizers. All forms of machines uses are expected to become
viable through the FMCL hiring scheme.
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Weeding
Weeding is one of the most time consuming field operations in most crop
cultivation. In Bhutan weeding takes as much as 60 man days per acre in
case of rice cultivation if done totally manually. The intervention to
mechanize it has been perhaps the least successful. The adoption of
weeding equipments was further hindered in case of the paddy weeding as
the herbicide could almost completely control the weed. Lately however,
due to decreasing efficacy of the herbicides and as synthetic inorganic
cannot be used in organic agriculture, the weeding equipments requirement
is gaining grounds again.

Figure 18. Rotary paddy weeder (back) and dry land weeder (front). Second
picture above shows 2 row power weeder
Table 6. Cost and labour comparison of weeding in Paro
Methods
Time taken
Remarks
Cost
mandays/acre
Nu./acre
Manual weeding
43
21,500.00
(three times)
Manual weeder
30
15,000.00
5 with weeders and 5
manual weeding and
three times
Power weeder
Not assessed

107

Harvesting
Harvesting traditionally was done using hand tools, commonly the sickles.
The traditional sickle continues to be used but the Japanese serrated sickles
have been found to require much less energy for harvesting thus reducing
the drudgery and fatigue considerably. Harvesting duration is short in most
areas especially in higher altitudes such as Paro and Thimphu. Scarcity of
labour becomes pronounced as most farmers in a community carry out
simultaneously. The traditional practice of letting loose domestic animals in
the fields following harvesting, compels farmers to complete the work
without delay. The use of machines is becoming increasingly essential.

Figure 19. Most popular locally made harvesting sickle (left) and the
popular Japanese serrated sickle (right)
Although the power reapers and the combine harvesters are becoming
popular, the use of sickles still prevails in small plots and narrow terraces
which are not accessible by the machines. Besides the irregular shapes of
the fields, necessitates harvesting along the edges to be done using sickles.
Some reaper binders are being introduced also. These machines are
currently used for harvesting paddy and to lesser extents for other crops
such as, wheat and barley.
Combine harvesters tend to be preferred as the threshing and winnowing
followed by bagging can be done simultaneously which substantially
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reduces labour requirement. This is particularly advantageous as the
harvesting period frequently coincides with the last showers of monsoon,
spoiling the harvested paddy left in the sun to dry.

Figure 20. Power reapers at the FMCL for hire service (left) and testing new
reaper by AMC for certification (right)

Figure 21. A Japanese combine harvester (left) & multi crop combine
harvester (right) maintained by FMCL
Table 7. Cost and labour comparison of harvesting in Paro
Methods
Time taken
Cost Remarks
mandays/acre
Nu./acre
Manual harvesting

20

10,000 Local rate

Power reaper

0.5

2,200 FMCL rate

Combine harvester

0.67

4,400 FMCL rate
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The power reapers can be used to harvest crop in terraced fields as they can
be carried by two men. The use of the combine is highly restricted by
accessibility. Many fields do not have convenient entry into each plot.
Maize and other crops grown in small areas are still harvested manually.
Post Harvest and Grading
Post harvest operations followed by drying, cleaning, grading and
packaging currently being taken up are with respect to the cereal and
vegetable seeds. Farmers after harvesting usually let it remain in the field
itself. Following this it is collected, threshed, winnowed and further sun
dried before storage. The National Seed Centre of the Department of
Agriculture has processing facilities, responsible for supplying quality seeds
in the whole country. Some private firms also exist undertaking the same
activities. The facilities are located in different regions to cater to the needs
based on the crops of the regions. Seeds are grown by the registered seed
growers (farmers) and in the Narional Seed Centre’s own farms. Grain
seeds are collected to the centres, cleaned selected, tested for germination
and finally treated and packed. The seeds are distributed throughout the
country through the commission agents, agricultural extension networks and
the area development projects of the Ministry in the different locations.
Except for the National Seed Centre using the forced air dryers with electric
heaters and kerosene burners, the farmers still depend on sun to dry the
grains.

Figure 22. Typical method of maize drying and storage in the rural areas
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Figure 23. Seed processing plant of the National Seed Centre (left) and
vegetable seed packaging (right)
Processing
The most successful in the promotion of labour saving farming machines
have been the post harvest processing machines related to cereals.
Agriculture Machinery Centre has supplied more than 5000 sets of post
harvest processing machines making up over 3000 small post harvest
processing enterprises comprising rice milling, flour milling, oil milling and
cereal flaking. Most of the rice mills are the Engelberg screw type
commonly coupled with the either diesel engine for electric motors by flat
belts. Although the rice hullers result in high percentage of broken rice,
their high milling capacity, with very low investment and maintenance cost,
oin top of being very robust and durable, they are still popular to a great
extent. Some rubber roller rice mills are also introduced of capacity of 600
kg per hour. Besides these mills, there are also the smaller mills with
capacities ranging from few kilograms to 60 kg per hour. On the other hand
big plants with capacities ranging from 1 to 2 tons per hour have been also
installed now run by FMCL. There is also a set installed by a private firm
with a capacity of 4 tons per hour to dehusk Bhutanese paddy to produce
brown rice, which has very good export market. Flour mills range in
capacities from few kg per hour to around 150 kg per hour depending upon
the cereal grains and the finess of the flour required. These grindstones are
of usually 12 inch, 16 inch and 20 inch diameter driven by 7 horsepower
and 10 horse power diesel engines or electric motors. Oil mills are usually
table oil expellers with 10 to 20 kg per hour capacities. The others are the 4
bolt and the 6 bolt expellers from India. A few sets had been important from
Japan.
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Electricity being cheaper, is increasingly preferred wherever the power
grids have reached. Even in very remote areas located at distances of three
to four days on foot, AMC has installed these mills. The fuel and oil are
usually carried by men. Extreme drudgery and slow processes associated
with the traditional methods.

Figure 24. Typical small scale post harvest processing enterprises normally
owned by individual farmers.
In the traditional method the dehusking of paddy is by pounding. The
process is strenuous on top of being able to process just sufficient for a few
meals. Similarly grinding cereals such as maize, wheat, barley and buck,
wheat are very slow and combined with drudgery. In fact all cereal
processing is comparatively much slower by the traditional method. On the
other hand the mills bought from India and increasingly from China are
affordable.It is confirmed that a farmer investing in a combination of rice
and flour mills, and providing custom service to around ten neighbouring
farmers can earn sufficient income for his family’s livelihood on top of
being able to easily recover the investment cost in several years.
Table 8 presents a typical rural enterprise where a farmer had invested his
own money and uses his mill mainly for his own work. There are mills
providing custom services throughout the year with usually very good
income. The rates charged do not vary substantially.
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Table 8. Investment and turnover of Ap Lotey’s mill at Shaba Paro
Machine name

Appropriated
Investment
with motor

Rice huller
no 8

22,942

Atta chaki
no.16

22,557

Cereal flaker

50,912

Total

Running
cost (spare
parts,
energy &
firewood)
2,294

Remarks
Annual Turnover
Custom
Service

Own
work

Total

3,500

8,750
5,250

2,255
4,000

96,413

5,091

9,641

-

4,000

-

80,000

5,250

92,750

80,000

87,500

Operating
only 5
days a
year
Operating
only 4
days a
year
Operating
for 22
days a
year

Table 8 is a simple indication of the very easy return on investment. In the
recent times, cereal flaking has become a booming rural business both for
the maize and rice. Maize flakes is a product which is particular to Bhutan
produced by process of roasting the grains first followed by roll pressing.
Traditional method was by pounding the grains right after roasting.
Challenges & Prospects
Among many factors the RNR sector of the Ministry of Agriculture &
Forests has identified the main constraints to farming as farm labour
constraint, inadequate irrigation, and wild life depredation of crops. The
interventions to address the constraints have started receiving increasing
attention in terms of the budget allocation to the agriculture sector. The
national policy of maintaining at least 60% of the land area under forest
cover with high emphasis on nature conservation, will always pose
continued challenge of wild life depredation of crops.
The land fragmentation, limited per capita holdings and the fallow lands of
the absentee owners will be the other challenges to the mechanization.
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Rural urban migration can be retarded but will continue despite all efforts to
put a check on it.
On the prospects, the brand Bhutan associated with the clean environment
and highly controlled chemicals uses are helping niche export markets to
grow. Many commodities are starting to fetch premium prices which
encourage the country to go organic. If the trend continues so, then some of
the agricultural operations inevitably will have to be done either manually
or by machines, such as weeding. The growth of assured markets fetching
premium prices is expected to further encourage the investment in
mechanization of all farming operations.
Two of the most populous countries in the world with the fastest growing
economies just north and south, and Bhutan with exceptional agrobiodiversity, the marketing opportunity for selected goods could become
unlimited. Thus with farming becoming attractive, the trend of the rural
urban migration can be checked thus reducing area of the fallow land.
The current intensity and the spread of the mechanization are low.
Therefore the opportunity for expansion is very high, and will remain so for
many more years. One of the main focuses of Department of Agriculture in
the 12th five year plan will be the land consolidation and development to
enable mechanization. This will be complimented by the introduction of
small machines appropriate for narrow terraces and suited to increasing
female farmers engaging in field operations. The figure 2 shows the
categories of agricultural lands in which the area under dry land is the
highest. It is to be noted that most of the dry land areas are on the gradients
and therefore still remains under the traditional manual agriculture.
Development of these areas into terraces with accessibility will enable the
replacement of manual labour by mechanized operations, complimenting
also the production increase by the alleviating the degradation of soil
fertility through erosion and reduction of the fallow lands.
Another new initiative is the credit at substantially low interest rates
enabling the farmers to purchase agricultural machines. Farm machinery
made available on hire throughout the country at subsidized prices is
expected to speed up the farmers to embrace the adoption of mechanized
114

farming. The limited opportunity in other sectors combined with the
increasing mechanization will improve farming making it appealing to the
ever increasing number of unemployed educated youths.
The strength lies in the fact that the Bhutanese farmers have the traditional
farming skills perfected through the ages within their capacity, means and
culture. Considering this as the base, the government’s plans to introduce
new facilitating interventions with the farmer centric strategies for their
continued self-engagement, has the potential for unprecedented
development and long term sustainability. This in turn will strengthen food
security and national self reliance.
Conclusions
For a landlocked country, sustainable socioeconomic self reliance will
always be dependent on the primary sector for livelihood based on incountry production and consumption. Agriculture will continue to provide
majority of the population, self sustainable occupation with contentment.
One of the main factors currently inhibiting the growth is the high drudgery.
Farm labour shortage is the biggest constraint in agriculture but efforts need
to be coordinated with other important constraints looking into the issue
with a holistic approach. Also the interventions for any crop cultivation
mechanization, needs to be packaged with all components of field
operations receiving importance such that, one unaddressed neglected
component does not become the weakness in the chain leading to failure.
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Introduction
India is a country with various landforms ranging from lofty mountains to
ravines, deltas and also including high altitude forests of Himalayas,
sprawling grasslands of Indo-Gangetic plains, peninsular plateaus of South
East and South West India and many other geological formations. The
climate of India is full of extremities; and most prone to rainfall variations,
either deficit or excess, particularly when it coincides with
susceptible/critical crop growth stages. Due to presence of a wide range of
geological and climatic conditions, Indian agriculture is diverse and
complex with both irrigated and dry land areas, capable of producing most
of the food and horticultural crops of the world. India has an estimated 142
million ha cultivated area of which about 57 million ha (40%) is irrigated
and remaining 85 million ha (60%) is rain-fed (Singh et al., 2015). With
increasing level of industrialization, creation of special economic zones,
urbanization and development of housing sector there is possibility of
decline in the arable land. Rice, wheat, maize, sorghum, and millets are the
five main cereals grown in India. Along with this the pulses, oilseeds,
cotton, jute, sugarcane, and potato are the other major crops. Pulses include
mainly gram (chickpea) and pigeon pea and oilseeds include mainly
groundnut, mustard and rapeseeds, soybean, and sunflower.
India ranks second worldwide in farm output but the economic contribution
of agriculture to India's GDP is steadily declining with the country's broadbased economic growth (Singh, 2015). In India, 63% holdings are below 1.0
ha accounting for 19% of the operated area while over 86% holdings are
less than 2.0 ha accounting for nearly 40% of the area. Fragmentation of
operational farm holdings is yet another major concern in this respect and
the average size of holdings has shrunk from 2.82 ha in 1970-71 to 1.1 ha in
2010-11. India is the second largest producer of wheat and rice and third
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largest producer of pulses, sugarcane, root and tuber crops, vegetables,
coconut, dry fruits, agriculture-based textile raw materials, inland fish and
eggs (Singh et al., 2015). The country has produced 252 million tonnes
(MT) of food grains during 2015-16 surpassing all earlier records. Table 1
shows the production achieved in different crop from 1950-51 to 2015-16.
Table 1. Production of crops (in million tons)
Year

Rice

Wheat

Coarse cereals

Pulses

Oilseed

Cotton

Sugarcane

1950-51
1960-61
1970-71
1980-81
1990-91
2000-01
2010-11
2014-15
2015-16

21
35
42
54
74
85
96
105
104

6
11
24
36
55
70
87
87
94

15
24
31
29
33
31
43
43
38

8
13
12
11
14
11
18
17
16

5
7
10
9
19
18
32
28
25

3
6
5
7
10
10
33
35
30

57
110
126
154
241
296
342
362
352

Note: Cotton production is in bales of 170 kg each.
Sources: Agricultural Statistics at a Glance 2015, Ministry of Agriculture

Farm mechanization has the potential to meet the contemporary challenges
and to increase productivity in a sustainable way. Tillage, interculture,
irrigation, harvesting and threshing operations consume energy. As tillage
consume maximum energy, efforts were started throughout the world in the
1970s to reduce energy use on the farm by efficiently applying different
inputs by reducing the number of tillage operations to a bare minimum for
seed bed preparation to get higher or equivalent yield.
The improved heavy duty farm equipment, which are widely used by
resource rich farmers are not as such useful and economical for small and
marginal farmers due to small land holdings and less knowledge about
suitable crops and their package of practices. Status of mechanization in
small farms terrain is entirely different from large farms. The marginal
farmers may have willingness for improved machinery with manual power
sources whereas, small farmers may have preference to use improved and
light weight animal or power tiller operated equipment. Medium and large
farmers may use tractor or power operated machinery as per their selected
crop requirements.
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With the introduction of modern machines in agriculture, farmers are able
to complete the planting operation earlier, and can even free the equipment
for custom hiring to neighbours. These planting/seeding equipment can
reduce the delays in sowing and also benefit neighbours who can hire these
equipment and be able to plant within the first planting window, commonly
associated with better grain yields. Small farmers can also form groups to
mobilize resources for equipment purchase to overcome the equipment cost
problem (Mataba, 2011). Local production of agricultural equipment for the
smallholder agricultural sector has been almost non-existent prior to 2005.
Appropriate machinery suitable for different agricultural operations are still
not widely available in local markets, therefore, an extensive participatory
process is required to test and demonstrate the improved performance
compared with traditional farm machines/tools. More than one season of
on-farm testing is also needed to perfect these equipments. Farmers
purchasing farm equipment need extensive training on calibration, operation
and maintenance of the new implements, and the farming system (Mataba,
2011). The development and promotion of mechanized farm machines
assist in creating a demand for these machines, which in turn will help
manufacturers continue to produce these machines. Farmer demand should
take over after some time, and make the agriculture sustainable. Equipment
manufacturers also need pre-financing to allow an initial investment in the
production of farm equipment, and support production of sufficient
quantities to meet the growing demand.
Status of Farm Mechanization in India
Mechanization has been identified as a key tool to increase the agricultural
production globally. Table 2 presents the share of agriculture in GDP and
level of farm mechanization in different countries. As Indian market too is
considerably reliant on increasing agriculture produce, further promotion of
farm mechanization is essential. It is estimated that global demand of
agricultural implements will be about US$ 200 billion by 2018 and Asian
countries will contribute more than 60% to the total.
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Table 2. Agriculture share in GDP vis-à-vis level of farm mechanization in
different countries
Agricultural GDP
Level of mechanization
Country
(%)
(%)
USA
1
95
Western Europe
<5
95
Russia
4
80
Brazil
5
75
China
10
48
India
14
40
Source: World Bank indicators, CIA fact book, Mechanization and Farm Technology
Division of Department of Agriculture and Cooperation, Trading Economics,
FAO Year book 2013.

Farm productivity is positively correlated with the availability of farm
power coupled with efficient farm implements and their judicious
utilization. The overall mechanization level in India is around 45% even
though 90% of the total farm power is contributed by mechanical and
electrical power sources. The total power availability on Indian farms has
increased from 0.45 kW/ha in 1951 to 1.47 kW/ha in 2005-06 and 2.02
kW/ha in 2013-14. The power availability on Indian farms needs to be
increased to a minimum 2.5 kW/ha to assure timeliness and quality in field
operations. About 85% farmers are having less than 2.0 ha cultivated land.
Thus, it is necessary to focus on these small farmers by introducing and
developing low cost, light weight, multi-purpose farm equipment.
The agriculture sector in India has witnessed a considerable decline in use
of animal and human power (animate power) in agriculture related
activities. The role of tractors in India reflects the growing trend of
tractorization in the country (Table 3). Custom hiring of farm equipment is
a prevalent practice in India, especially among small land owners for whom
ownership of large farm machines is expensive and uneconomical. Given
the labour scarcity and the launch of several Government programs, the
adoption of farm mechanization is set to increase.
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Table 3. Aspects of Indian Agriculture (1960-2010)
Item
1960 1970 1980
1990
Agricultural land
(Mha)
Irrigation pumps
(million)
Irrigated area (%)
Cropping intensity
Fertilizer use (kg/ha)
Grain yield (kg/ha)
Tractors (thousands)
Area per tractor (ha)
Power tillers
(thousand)
Draft animals (million)

2000

2010

133

140

140

143

143

142

0.4

3.3

6.2

12.9

19.5

25

19
1.15
2
700
37
3600
0

22
1.18
15
860
146
960
9.5

28
1.23
39
1000
531
260
16

33
1.30
88
1300
1200
120
31

34
1.33
125
1600
2600
55
100

35
1.39
150
1900
4000
36
155

80.4

82.6

73.4

70.9

60.3

50

Source: Singh (2013)

Different sources of power available on the Indian farms for performing
various mobile and stationary operations are mobile power viz. human,
draught animals, tractors, power tillers and self-propelled machines; and
stationary power i.e. diesel/petrol/kerosene engines and electric motors.
While the population of agricultural workers as percentage of rural
population has gone down from about 69% in 1951 to about 55% in 201415 but in absolute terms, due to increase in overall population, the number
of agricultural workers available in rural areas increased from 131 million
in 1960-61 to 263 million in 2010-11 and corresponding power increased
from 6.55 million kW to 13.15 million kW in the same period. It is
estimated that number of agricultural workers will increase to about 336
million and power available from agricultural workers will be 16.84 million
kW in 2032-33. (Tables 4 & 5).
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Table 4. Farm power sources in India
Year
Population of farm power sources, million
Agricultural
Draft
Tractors Power Diesel
Workers
animal
tillers engines
power
1960-61
131
80.4
0.037
0
0.23
1970-71
126
82.6
0.168 0.0096 1.70
1980-81
148
73.4
0.531 0.0162 2.88
1990-91
185
70.9
1.192 0.0323 4.80
2000-01
234
60.3
2.546 0.1147 6.226
2010-11
263
51.3
4.427 0.2943 8.134
2011-12*
266
50.4
4.843 0.3442 8.212
2012-13*
269
49.5
5.211 0.3801 8.290
2013-14*
272
48.6
5.653 0.4240 8.368
2019-20*
291
43.8
8.370 0.7000 8.860
2023-24*
304
40.9
11.000 1.0400 9.190
2032-33*
336
34.8
20.360 2.5300 10.030
**CAGR,
1.13
-1.79
8.49 10.34
0.95
%

Electric
motors
0.20
1.60
3.35
8.07
13.25
17.488
17.873
18.245
18.606
21.07
22.89
27.57
2.09

*Estimated figures; **Expected. Source: Singh (2015a); Singh et al. (2015); Anonymous
(2015)

Over the years the annual use of draught animals has been declining. While
earlier a pair of animals was being used for about 1200-1800 hours
annually, their average annual use has now come down to about 300-500
hours only, that too for tillage, sowing, weeding and rural transport. The
population of draught animals during 1960-61 to 2032-33 is given in Table
4.The declining trend of draught animal power has been more visible in
those states where the demand of tractors and power tillers has been high. It
has been observed that on an average a tractor is replacing about 5 pairs of
animals and a power tiller about 2 pairs of animals. Draught animal power
availability in India decreased from 0.22 kW/ha in 1960-61 to 0.09 kW/ha
by 2032-33 (Figure 1).
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Table 5. Farm power available from different sources in India
Year

1960-61
1970-71
1980-81
1990-91
2000-01
2010-11
2011-12**
2012-13**

Power available from different power sources, million kW*
Total
Agricultural Draft
Tractors
Power
Diesel
Electric power
Workers
animal
tillers
engines motors Million
kW
power
6.55
30.552
0.966
0
1.288
0.74
40.126
6.30
31.388
4.385
0.054
9.520
5.92
57.567
7.40
27.892
13.859
0.091
16.128
12.395 77.765
9.25
26.942
31.111
0.181
26.880
29.859 124.223
11.70
22.914
66.451
0.642
34.866
49.025 185.598
13.15
19.494
115.545
1.648
45.550
64.706 260.093

2013-14**

13.30

19.152

126.402

1.928

45.987

66.130

272.903

13.46
13.60

18.81
18.468

136.007
147.543

2.129
2.374

46.424
46.861

67.507
68.842

284.336
297.689

2019-20**
14.55
16.644
218.457
3.920
49.616
77.959 381.146
2023-24**
15.22
15.542
287.100
5.824
51.464
84.693 459.842
2032-33**
16.84
13.224
531.396
14.168
56.168 102.009 733.803
* Power per unit area is total power available in million kW divided by total cultivated area
(142 million ha); Source: Singh (2015a); Singh et al. (2014); Singh et al. (2015). **
Estimated figures; Note: 1 Human= 0.05 kW; draught animal = 0.38 kW; tractor = 26.1
kW; Power tiller = 5.6 kW; Electric motor = 3.7 kW; Diesel Engine = 5.6 kW.

Due to too much involvement of labour in different farm operations, the
cost of production of many crops in India is quite high as compared to
developed countries. Human power availability for agriculture was about
0.046 kW/ha in 1960-61 which is estimated to be about 0.12 kW/ha in
2032-33 (Figure 1).
4.00
3.50
3.00
2.50
2.00
1.50
1.00
0.50
0.00

Power (kW/ha)

Agricultural workers
Draft animal power
Tractors
Power tillers
Diesel engines

2032-33**

2023-24**

2019-20**

2013-14**

2012-13**

2011-12**

2010-11

2000-01

1990-91

1980-81

1970-71

1960-61

Electric motors

Year

Figure 1. Power available from different power sources
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Table 6. Compound annual growth rate (CAGR) of different power sources
on Indian farms
CAGR (%)
Year
1960to 1991
1992 to 2014
1960 to 2014
2010 to 2033

Agricultural
Workers
1.16
1.54
1.38
1.13

Draft
Animal
Power
-0.42
-1.33
-0.82
-1.79

Tractor
12.27
6.65
9.79
8.49

Power Diesel
Tillers Engine
6.25
12.03
9.3
10.34

10.66
2.5
7.04
0.95

Electric
Motors
13.12
3.29
8.74
2.09

Source: Singh (2013); Singh et al. (2010); Singh et al. (2009); Livestock Census, 2012,
2007, 2002, Tractor Manufacturers’ Association (TMA); Power Tiller Manufacturers’
Association (PTMA)

The share of agricultural workers in total power availability in 1960-61 was
about 16.3%, which is going to reduce to 2.3% in 2032-33. Compound
annual growth rate (CAGR) of different power sources on Indian farms has
been given in table 6.For meeting the increased demand of mobile power
for timely farm operations and increased cropping intensity, additional
power is available mainly from tractors and power tillers. Self-propelled
reapers and combines also provide mobile power specially for harvesting
operations. Number of tractors in India has grown from 0.037 million in
1960-61 to 5.946 million units in the year 2014-15. It is estimated that
number of tractors will increase to 20.36 million in 2032-33 (Table 4). Farm
power availability from tractor has consequently increased from 0.007
kW/ha in 1960 to 1.03 kW/ha in 2013-14 at an overall growth rate of 10%
during the last 54 years. It is estimated that power availability from tractor
will reach 3.74kW/ha in 2032-33 (Figure 1).
Over the years the shift has been towards the use of mechanical and
electrical sources of power. In 1960-61 about 93% farm power was coming
from animate sources, which has reduced to about 12.6% in 2010-11(Figure
2). On the other hand mechanical and electrical sources of power have
increased from 7% to about 87.4% during the same period. It is estimated
that by 2032-33 the share of animate source will be reduced to 4.1% in total
farm power.
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Figure 2. Animate and mechanical power scenario in Indian agriculture
[Source: Singh (2016)]

The operation-wise farm mechanization in the country is about 40% for
tillage and seedbed preparation, 30% for seeding/planting, 35-45% for plant
protection, 60-70% for harvesting and threshing for rice and wheat and less
than 15% for other crops (Table 7). The level of mechanization varies
greatly by region. States in the north (Punjab, Haryana and western Uttar
Pradesh) have high level of mechanization (70-80% overall; 80-90% for
rice and wheat) due to high productive land as well as declining labour
force and also full support by state governments. The eastern and southern
states have lower level of mechanization (35-45%) due to smaller and more
scattered land holdings. In the north-eastern states, the level of farm
mechanization is extremely low mainly due to hilly topography, high
transportation cost of farm equipment, and socio-economic conditions of
the farmers.
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Table 7. Extent of farm mechanization in different agricultural operations
Operation
Level of mechanization (%)
Tillage and seed bed preparation
40
Seeding and planting
29
Plant protection
35-45
Irrigation
37
Harvesting and threshing (rice and wheat)
60-70
Source: Agricultural Engineering Division, Nepal Agricultural Research Council,
UNESCAP CSAM website

Farm mechanization has been known to provide a number of economic and
social benefits to the farmers. It saves inputs like seeds and fertilizers up to
15-20% and labour requirement and operational time by 20-30%. On the
other hand it increases cropping intensity by 5-20% and crop productivity
by 10-15%. It helps in encouraging the youth to join farming and attract
more people to work.The agricultural sector in India, for a long time, has
depended on cheap and surplus labour. Now, the situation is changing with
more opportunities available in factories and services as well as the
Government’s rural employment creation programs. Labour shortage is
being experienced during peak seasons due to enactment of the National
Rural Employment Guarantee Act (NREGA) and huge demand from the
construction sector in cities. The overall work force in agriculture and allied
activities has been declining indicating a rise in secondary and tertiary
sectors. Labour is available at a higher cost per hectare and this would
increase the demand for mechanization. It has been observed that the
percentage of agricultural workers to total workers in India has been
gradually declining from 59.1% in 1991 to 54.6% in 2011 (Table 8). It is
expected to further decline to 49.9% in 2033 and 25.7% by 2050 leading to
severe farm labour shortage.
Within the Asian region, China dominates in terms of production and sales
of agricultural equipment. In 2011, China overtook the European counties
and US to become the largest producer of farm equipment in the world.
Countries such as the United States and other European countries are
completely mechanized. Countries such as China and Japan have also seen
higher percentage of farm machineries. Indian agriculture sector requires an
increase in farm equipment. Countries with higher level of farm
mechanization are able to increase their productivity and therefore are better
equipped to meet their demand factors. India’s demand factors are likely to
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rise dramatically. Thus, there is a need to enhance the level of farm
mechanization in the country.
Table 8. Population dynamics of Indian agricultural workers (No in Million)
Particulars
Country's population
Total number of
workers
Workers’ as percentage
of population, %
Number of agricultural
workers including
cultivators and
agricultural labourers
Agricultural workers’
as percentage of total
number of workers, %
Women workers as
percentage of
agricultural workers, %


1991 2001
2011
2020*
2024* 2033*
846.4 1,028.7 1,210.7 1,347.3 1411.5 1570.9
313.7
402.2
481.7
553.2
587.6
674.9
37.1

39.1

39.8

41.06

41.63

42.96

185.3

234.1

263

290.99

304.37

336.76

59.1

58.2

54.6

52.6

51.8

49.9

35.1

39.0

37.2

38.2

38.6

39.6

Projected figures; Source: Vision 2050 Document of ICAR-Central Institute of
Agricultural Engineering, Bhopal, 2015.

Farm mechanization in India stands at about 40-45% and it is low in
comparison to US (95%), Brazil (75%) and China (57%). The farm power
availability has grown from 0.28 kW/ha in 1960-61 to 1.83 kW/ha in 201011 and expected to be increased to 4.81 kW/ha in 2032-33. Level of
mechanization for major crops in different operations has been given in
Table 9.
Table 9. Level of mechanization by crop and value-chain process
Crop
Seed bed
Sowing/planti
Weed and
Harvesting
preparation ng/transplanti pest control
and
ng
threshing
Paddy
85-90
5-10
80-90
70-80
Wheat
90-95
80-90
70-80
80-90
Potato
90-95
80-90
80-90
70-80
Cotton
90-95
50-60
50-60
0
Maize
90-95
80-90
70-80
50-60
Gram
90-95
50-60
60-70
30-40
Sorghum
80-90
30-50
60-70
20-30
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Millets
Oilseeds
Sunflower
Fodder
Vegetable
Horticulture

80-90
80-90
80-90
80-90
70-80
60-70

30-40
30-40
40-50
20-40
5-10
30-40

60-70
60-80
80-90
80-90
80-90
40-50

20-30
20-30
60-70
10-20
<1
<1

Source: Country Presentation Paper, Agricultural Machinery Manufacturers Association
(AMMA) India, 2014.

Figure 3. Sales of (a) Tractors and (b) Power tillers
[Source: Singh et al. (2014); Singh (2015a); Kale (2015); Tractor Manufacturers’
Association (TMA); Power Tiller Manufacturers’ Association (PTMA)]

The two major segments of equipment, tractor and power tillers have shown
steady growth over the years (Figure 3). India is considered the largest
tractor market in the world.Amidst growing concerns about labour
availability and shrinking profitability of agriculture as an enterprise the
need has been felt for appropriate, affordable and energy efficient
equipment and technology for cost effective production and processing of
crops focused at increased yield, reduced cost of cultivation, prevention of
losses and value addition through location specific management practices.
The farmers have realized these advantages and mechanization is on
increasing trend in many parts of the country. However, the type of
equipment suitable for cultivation and the rate of introduction of new
equipment are to be considered with multi-disciplinary approach specific to
the site-specific needs. During the past four decades a large number of farm
tools, implements and machines have been developed for different farm
operations and are being used by the Indian farmers (Table 10). The
scenario of farm mechanization has certainly changed as the Indian
agricultural equipment market has experienced a rapid growth with
expected strong potential for future growth as well (Table 11). Availability
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of power operated and animal operated implements with respect to the net
cultivated area are shown in table 12 and table 13.
India’s small farms usually do not present an economic condition to permit
the extensive use of agricultural machinery. Given the constraint of limited
days usage of machinery, the operational and capital costs may be
optimized for the farmers by making the machinery available to the farmers
on custom hiring. Thus, even small farmers may be able to get the benefit of
agricultural mechanization.
Table 10. Number of farm machines in India
Farm
Machinery

Number of farm machines available (‘000)
1992- 2003- Increase 2013- Increase 2031Increase
93
04
over
14
over 32*
over **CAGR,
1992-93
2003-04
2013-14
%
Manually Operated Machinery
Sprayers
1827 2046
12.0
2214
8.2
2611.27
17.9
0.92
Animal Operated Machinery
Wooden
43464 44267
1.8
44997
1.6
46440.72
3.2
0.17
ploughs
Steel ploughs
12649 19622 55.0 25972 32.4 48205.13 85.6
3.49
Seed
drills/
Seed-cum472
963
104.0 1474
53.1
3908.61 165.2
5.57
fertilizer drills
Wet
land
5151 8550
39.7 11640 36.1 23424.81 101.2
3.96
puddlers
Animal carts
15220 16577
8.9
17663
6.5
20056.07 13.5
0.71
Tractor/power operated machinery
Power operated
303
561
85.1
796
41.9
1823.82 129.1
4.71
sprayers/dusters
MB Ploughs
408
852
108.8 1328
55.9
3650.89 174.9
5.78
Cultivators
706
949
34.4
1170
23.3
1800.80
53.9
2.43
Disc harrows
531
913
71.9
1260
38.0
2642.02 109.7
4.20
Seed-cum390 1011 159.2 2852 182.1 15708.63 450.8
9.94
fertilizer drills
Planters
54
75
38.9
92
22.7
145.27
57.9
2.57
Levelers
3.86
1057 1827
72.8
2343
28.2
4629.77
97.6
Threshers/Multi
2597
crop threshers

5309

104.4

7775

46.4

19898.79

155.9

5.36

Combines
(Tractor-drawn
8.5
20
135.3
59
195.0
311.06
427.2
9.67
and
selfpropelled)
* Estimated figures; ** Expected; Source: Livestock Census (2003);Tyagi et al. (2010)
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Table 11. Annual market of major farm machines used in India
Items
Tractors
MB plow
Cultivators
Seed-ferti drills
Rice
transplanters
Reapers
Combine
harvesters
Sprayers (TD)
Potato diggers

Numbers
450000 - 500000
45000 - 50000
150000 - 200000
60000 - 75000
2000 - 3000

Items
Power tillers
Rotavator
Harrows
Planters
Power weeders

Numbers
50000 - 60000
100000 - 120000
120000 - 150000
15000 - 25000
35000 - 40000

10000 - 15000
3500 - 4000

Threshers
Trailers

60000 - 75000
150000 - 175000

10000 - 15000

Laser land
levellers
Rotary hoes/Power
weeders

25000 - 30000

2500 - 3500
20000 - 25000

Source: Singh et al., 2015.

Table 12. Availability of power operated implements with respect to the net
cultivated area(no/1000ha)
Year

Sprayer&
Harrow Threshers Tillers Ploughs Planters Levellers
dusters
1972-73
0.249
0.398
1.4631
0.582
0.405
0.064
0.348
1982-83
0.884
1.347
7.3058
2.245
1.019
0.221
2.951
1992-93
2.131
3.734
18.2630
4.965
2.869
0.380
7.433
2002-03
3.810
6.218
35.8569
6.565
5.708
0.517
12.472
2012-13
5.459
8.651
53.1709
8.107
9.040
0.636
16.292
2022-23*
7.134
11.125
70.7360
9.689
12.343
0.750
17.261
2023-24*
7.302
11.381
72.5283
9.851
12.663
0.765
17.132
2024-25*
7.472
11.622
74.2776 10.007
12.967
0.772
16.941
2032-33*
8.990
13.850
90.2800 11.390
15.800
0.870
15.720
CAGR, %
2.34
2.21
2.47
1.63
2.50
1.46
-0.93
Source: Tyagiet al. (2010) & Agricultural Statistics at a Glance 2011-2013. * Estimated
values
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Table 13. Availability of animal operated implements with respect to the
net cultivated area(no/1000 ha)
Year
Wooden
Steel
Seed drills
Cane
Puddlers
Carts
ploughs ploughs
& planters
Crushers
1972-73
0
0
0
0
0
0
1982-83
294.7
50.7
17.9
41.2 98.4
4.9
1992-93
305.6
88.9
36.2
54.1 107.0
5.3
2002-03
312.9
134.4
58.3
69.3 116.5
6.0
2012-13
317.2
178.9
80.0
83.7 124.0
6.7
2022-23*
323.1
224.2
102.0
98.0 131.2
7.4
2023-24*
323.8
228.9
104.3
99.4 132.0
7.5
2024-25*
324.3
233.4
106.5
100.8 132.7
7.5
2032-33*
330.6
273.9
126.0
112.7 138.5
8.2
CAGR, %
0.23
2.02
2.16
1.41 0.54
0.98
Source: Tyagi et al. (2010) & Agricultural Statistics at a Glance. * Estimated values

The medium scale and large scale industries manufacture diesel engines,
electric motors, irrigation pumps, sprayers and dusters, land development
machinery, tractors, power tillers, post-harvest and processing machinery
and dairy equipment (Table 14). The marketing of agricultural machinery
by these industries is through their network of dealerships and, therefore,
these manufacturers are able to provide effective after-sales service. These
industries upgrade their product and process technologies through their own
R&D efforts, in addition to technological support from external agencies.
Table14. Status of farm machinery industry in India
Farm machinery
Number of manufacturing units
Agricultural tractors
22
Power Tillers
5
Irrigation Pumps
600
Plant Protection Equipment
300
Combine Harvesters
48
Reapers
60
Threshers
6,000
Seed Drills and Planters
2,500
Diesel Oil Engines
200
Plough, Cultivators, Harrows
5,000
Chaff Cutters
50
Source: Singh, Kanchan K., 2014. Presentation during 2nd Regional Forum on Sustainable
Agricultural Mechanization at Serpong, Indonesia 9-11, September 2014.
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There are about 250 medium to large scale units, 2,500 small scale
industries, 15,000 tiny industries and 100,000 village level artisans in India.
Most of them are under un-organized sector except the tractor and power
tiller industries. There was no ways to pass on Govt. benefit schemes to
these industries. The All-India Agricultural Machinery Manufacturers’
Association (AMMA-India) was established in the year 2010 on January 17
at the behest of Department of Agriculture and Cooperation (Mechanization
and Technology Division), Ministry of Allied Sectors. The main objectives
of association are:
i)
augmenting and intensifying agricultural mechanization related
activities in different agro-climatic zones;
ii)
promoting scientific development and technological upgradation of need based agricultural machines and power
sources;
iii)
providing technological coordination, management and advisory
back-up to the members of AMMA-India; and
iv)
providing effective liaison with Government organizations,
NGOs and agencies sponsoring national and international
fairs/meets and to establish institutional relations for
implementation of appropriate policies and initiatives to promote
growth of agricultural mechanization.
Presently 448 agricultural machinery manufacturers including tractor
industries are the members of this association. Association is working very
closely with central as well as state governments for implementations of
various Government schemes for the benefit of users/farmers and
manufacturers. The timeliness of operations has assumed greater significant
in obtaining optimal yields from different crops, which has been possible by
way of mechanization. It is apparent from table 15 that the cropping
intensity increases with increase in per unit power availability. The adoption
and application of package of farm machinery and technology for
agricultural mechanization has significantly contributed to improve the
cropping intensity and farm produce during the last 40 years and its positive
relationship with availability and growth of farm power is depicted in the
figure 4.
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Table 15. Cropping intensity and power availability on Indian farms
Power
Power per Net sown
Year
Cropping Food grain
available
unit
area per
intensity productivity (kW/ha) production
tractor
(%)
(t/ha)
(kW/t)
(ha)
1965-66
114.00
0.636
0.32
0.50
2162
1975-76
120.30
0.944
0.48
0.51
487
1985-86
126.80
1.184
0.73
0.62
174
1995-96
130.80
1.499
1.05
0.70
82
2005-06
136.54
1.715
1.49
0.87
45
2010-11
139.56
1.930
1.83
0.95
34
2011-12
138.77
2.079
1.92
0.92
31
2012-13
138.92
2.129
2.02
0.95
29
2013-14
139.29
2.200
2.10
0.95
27.24
2019-20*
141.40
2.650
2.68
1.01
18.7
2023-24*
142.82
3.000
3.24
1.08
14.55
2032-33*
146.06
3.960
5.17
1.31
8.27
**CAGR,%
0.25
3.14
4.78
1.41
-6.08

5
4.5
4
3.5
3
2.5
2
1.5
1
0.5
0

148
128
108
88
68
48
Power available
(kW/ha)
Productivity (t/ha)

28
8

Cropping Intensity (%)

Power availability (kW/ha),
Productivity (t/ha)

* Estimated values ; ** Expected; Source: Singh (2015); Agricultural Statistics at a glance
2015

-12

Year

Figure 4. Farm power availability and average yield of food grains and
cropping intensity in India during 1965- 2033 (* Estimated
values)
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Food grain productivity in India has increased from 0.636 t/ha in 1965-66 to
2.20 t/ha in 2013-14, while farm power availability has increased from 0.32
kW/ha to 2.10 kW/ha during the same period. It is estimated that food grain
productivity and farm power availability will increase to 3.96t/ha and 5.17
kW/ha by 2032-33(Table 15). The relationship between food grain
productivity and unit farm power availability for the period 1960-61 to
2032-33 have shown a linear function, with highly significant value of
coefficient of determination (R2 = 0.99). It is also evident that farm power
input has to be increased further to achieve higher food grain production,
the composition of farm power from different sources to be properly
balanced to meet its timely requirement for various farm operations.
The overall mechanization level in India is only 40-45% even though 90%
of the total farm power is contributed by mechanical and electrical power
sources. The average farm power availability needs to be increased to a
minimum of 2.5 kW/ha by 2020 to assure timeliness and quality in field
operations, to undertake heavy field operations like sub-soiling, chiseling,
deep ploughing and summer ploughing. The concerted efforts have resulted
in the mechanization of critical farm operations of major crops in different
states. The economic benefit due to adoption of improved implements is of
the order of Rs. 833.75 thousand crores per annum, which is only a small
fraction of the existing potential for improvement (Singh, 2015). This has
also resulted in generating employment to rural youths and artisans for the
production, operation and maintenance of these machines. Due to
significant and continuous reduction of the workforce in agriculture, higher
levels of farm mechanization are necessary for sustainable productivity and
profitability.
Machinery Suitable for Different Operations
Modern agriculture mainly depends on timeliness of operations, precision in
application of inputs and efficient utilization of farm power to achieve a
high level of production. With traditional tools, because of their low work
output, it is not possible even for the medium size farmer to cultivate crops
timely due to vagaries of climate. The need to introduce improved
implements and equipment to enable farmers to overcome the constraints of
crop production system is imperative. Agricultural crops are raised both
under dry as well as irrigated farming conditions. Non-availability of
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improved implements for timely completion of farm operations is one of the
constraints especially for farmers with small and medium size farm
holdings.
This information on improved farm equipment and tools for crop
production would be useful for the farmers, extension workers, government
officials and subject matter specialists in technology transfer and create
awareness about availability of wide range of appropriate equipment for
crop production especially for small and medium farmers. The use of
efficient and improved equipment would go a long way in improving the
production and productivity. A number of traditional tools and equipment
are being used in farming by small and marginal farmers, but their
efficiencies are less because more time and labour is required to complete
the farm operations. Scientifically designed and developed machinery can
overcome the above problems to some extent. Table 16 presents the list of
some improved tools and equipment which are operated manually or by
animal, power tillers or tractors.
Table16. Available indigenous and improved tools, implements and
equipment for cultivation of different crops
No. Operation

Improved tools, implements and
equipment
Bullock drawn Power operated

1.

Indigenous
tools /
implements
and equipment
Field preparation Indigenous
plough blade
harrow, plank

MB Plough,
improved blade
harrow, disc
harrow, 3 tine
cultivator,
harrow patela

2.

Fertilizing

3.

Sowing/
transplanting

Seed-cumfertilizer drill,
manual
broadcaster
Seed-cumfertilizer drill

Broad casting
drilling with
indigenous
pora plough
Broadcasting,
drilling with
indigenous
pora plough,
drum seeder

134

Power tiller with rotary
tiller, tractor drawn
mould board/disc
plough, disc harrow,
cultivator (shovel and
sweep type), chisel
plough, leveller and
rotary tiller
Power tiller and tractor
operated fertilizer
broadcasters, seed-cumfertilizer drills/planters
Power tiller and tractor
operated seed-cumfertilizer drill,
transplanter

No. Operation

Indigenous
tools /
implements
and equipment
Interculture/weed Manually with
control
hand hoe
(Khurpi)

Improved tools, implements and
equipment
Bullock drawn Power operated

4.

5.

Plant protection

Broadcasting

6.

Harvesting

Indigenous
sickle

Improved
manual hoe like
wheel hoe, peg
type weeder and
3 tined hoe,
bullock drawn
hoes and
cultivators,
sprayers for
weedicide spray
Knapsack type
sprayers
Improved hand
sickle

7.

Threshing

Manual and
bullock
treading

Electric motor
operated multi
crop threshers

8.

Transport

Indigenous
bullock cart

Improved
bullock cart

Tractor and power
operated weeders,
sprayers for chemical
weed control

Engine, power tiller and
tractor operated sprayers
Self-propelled/tractor
operated reapers, reaper
binders
Motor/tractor operated
multi crop
threshers/combine
harvesters
Power tiller and tractor
trailers

Improved Farm Equipments
Details of some improved farm equipment available for mechanization of
different categories of farms for various cropping systems are summarized
below:
Land preparation equipment
Tillage operations are performed to achieve the desired seedbed to provide
the optimum environment for plant growth. The optimum seed-bed
preparation for raising upland crops involves the farm operations like
loosening of soil, clod breaking, smoothening, etc. Loosening of soil is done
to achieve a desirable granular soil structure for a seedbed and to allow
rapid infiltration and good retention of moisture, to provide adequate air
exchange capacity within the soil and to minimize the resistance to root
penetration and shoot growth.
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In arid and semi-arid areas with high average soil temperature and dry
spells, there is a need to break the soil, which becomes very hard. A pointed
tool like chisel or bar point share are used on country plough to break soil
without inverting or disturbing crop residue in order to collect and store rain
water and reduce wind erosion and evaporation losses. Under such
conditions lister plough, rigid tine cultivator, duck foot sweeps and other
similar equipment are useful and can be operated for one to two passes.
Tractor drawn laser land leveler
Proper leveling of fields is required for
efficient utilization of irrigation water. The
tractor drawn laser land leveler is used for
micro-leveling of fields and pulling loose
soil from one place to other. The machine
is operated at the forward speed between
4.0 to 6.0 km/h. About 50 to 90 m3 volume
of soil can be handled by machine in one
hour. The field capacity of the machine is
0.10 to 0.20 ha/h.
Animal/tractor operated mold board/disc ploughs
Mould board ploughs in different sizes are available for bullocks and its
size varies between 15 - 20 cm while tractor operated ploughs could be of 2
to 3 bottom with size of mould boards varying between 35 - 50 cm. Disc
ploughs are also available with 2 to 3 bottoms each having operating width
ranging from 35 - 50 cm. Disc harrows are commonly of 2 types i.e. single
action and double action. Tandem disc harrow and offset disc harrows are
double action type harrows. The most commonly used disc harrow is offset
disc harrow. In these harrows soil is worked twice in single operation in
opposite directions. Design of these equipment and their size vary with
power unit and with the type of the soils these are to be used.
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Tractor-drawn duck foot cultivator
The duck foot cultivator is the most
versatile tillage equipment for shallow
tillage under black soil conditions. It
consists of a steel frame, rigid tines to
which sweeps are attached. It is attached
to the tractor with three point hitch
system and controlled by the tractor
hydraulic system. The sweeps are
fabricated from high carbon steel. The implement is mostly used for
shallow ploughing. A clod breaker and compaction roller is sometimes
attached behind the cultivator for breaking the clods and compacting the
tilled soil for soil moisture conservation. Number of sweeps can be varied
according to usage. It can be used for primary tillage as well as for
theintercultural operation for destruction of weeds and retention of
moisture. Its field capacity is 0.40 ha/h.
Tractor-operated rotary tiller
The advantage of rotary cultivation
has been found to be more significant
in seed bed preparation during the
turn-around time between the kharif
harvest and rabi sowing. The rotary
tiller prepares the seedbed in single
pass. It is powered by the tractor PTO.
When the rotary tiller works it exerts a
forward push on the tractor and thus,
facilitates the traction. Saving of 60-70% in operational time and 55-65% in
fuel consumption with single pass operation of rotary tiller is achieved as
compared to the conventional method of seed bed preparation.
Sowing and planting equipment
Suitable sowing and planting equipment are used as per the seed placement
requirements of particular crop. For planting of special crops special
equipment have been developed and have been adopted to affect
simultaneous drill/plant crops on flat bed, broad beds, ridge and furrow and
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raised beds as per the requirement of the crops growing under different
levels of water management.
Manually-operated naveen dibbler
This machine is used for dibbling bold seeds like maize,
groundnut, chickpea or costly/scarce seeds in small area
and also for gap filling purpose. This dibbler consists of jaw
type seed placement device, cell type metering mechanism,
lever type power transmission system for roller and jaws
and seed box with delivery system. After filling the desired
seed to be sown in field, the worker should keep the dibbler
at desired place and gently push the lever (front of dibbler)
for opening the jaw so that seed may drop. It has capacity is 150 m2/h.
Manually-operated rotary dibbler
The rotary dibbler is a manually operated push type
device for dibbling of medium and bold size seeds. It
consists of a rotating dibbling head with penetrating jaws,
covering-cum-transport wheel, seed hopper with cell type
wooden roller and a handle. It is suitable for dibbling bold
seeds like maize, pigeon pea, groundnut etc. For its
operation, the hopper is filled with seeds and transportcum-covering wheel is drawn to rear side. The dibbler is then pushed
forward in the direction of travel with covering-cum-transport wheel behind
the dibbling head. The jaws penetrate into the soil and automatically drop
the seeds. The seed to seed distance depends on size of the polygon plate to
which jaws are attached.
Manually operated no-till drill developed for rice-fallow condition
For small farmers a manually operated
no-till drill has been developed at IIPR,
Kanpur. By use of this no-till drill, the
line sowing is done timely at a reduced
cost and at proper depth without any
residue clogging under rice fallow
conditions. It requires low pulling force
due to double disc opener fitted with
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rolling coulter and hence, less drudgery as compared to existing inverted
‘T’ type no-till drill. It has field capacity of 0.05 ha/h with the help of two
manpower and is expected to be used for working on 20 ha per year. The
cost of operating manual zero-till drill is Rs.925/ha(Singh et al., 2012).
Multipurpose tool carriers
Multi-purpose tool carriers or tool frames are
alternate system to utilize the animal's draft power
more efficiently. Tool carrier consists of a frame and
changeable tools, which can be used for farm
operations like tillage, sowing, weeding, etc. Tool
carriers are most suitable for upland row crops.
Many designs have been developed at
different research institutes. Some designs
are Tropiculture, Nikart, and Agricart,
developed at ICRISAT, Hyderabad;
Multipurpose tool frame, developed by
CIAE, Bhopal; Multipurpose tool carrier
developed by TNAU, Coimbatore;
Multipurpose pipe frame implement
developed at Rajkot by local artisans.
Animal-drawn three row seed-cum-fertilizer drill
It is an animal drawn simple, light weight
and compact machine suitable for sowing
of seeds such as gram, pea, moong etc
and drill fertilizer. The machine uses
standard fluted roller type metering
mechanism for seed and fertilizer and
gets drive from ground drive wheel
through chain and sprocket. The shoe
type furrow openers with non-clogging boot place the seeds and fertilizer at
desired depth.
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Three-row animal drawn planter
Animal
drawn
3-row
inclined plate planter is
especially
suitable
for
planting of bold and small
seeds which otherwise
cannot be satisfactorily
sown by conventional seed
drills. The planter can be
used for sowing of crops
like pigeon pea and gram.
The planter is provided with
three modular design seed boxes with independent inclined plate type seed
metering mechanisms.
Seed plates for sowing different seeds can be selected and changed easily.
Shoe type furrow openers ensure deeper seed placement in moist zone for
sowing under dry land conditions. Modular seed box-furrow opener units
are adjustable for sowing seeds at different row-to-row spacing. The planter
gives field capacity of 0.16 to 0.24 ha/h depending on row to row spacing
and with field efficiency of 60 to 70%.
Paddy drum seeder
It consists of a seed drum, main shaft,
ground wheel, floats, and handle. Seed
drum is made by joining smaller ends of
frustum of cones and a number of seed
metering holes of 10 mm diameter are
provided along the circumference of the
drum atboth the ends for a row-to-row
spacing of 200 mm. The slopes of the
cone facilitate the free flow of seeds
towards the metering holes. Two floats are provided on either side to
prevent/ restrict the sinkage and to facilitate easy pulling of the seeder.
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Manual rice transplanter
Manual rice transplanter consists of
floats made of marine plywood,
seedling tray for the mat type nursery,
a tray indexing mechanism and
pickers for planting seedlings.
Different designs of manual rice
transplanters developed for different
regions are commercially available. The operator pulls the machine and
operates the handle, the picker, six in number, gather two or three seedlings
and place them in the puddled soil. The row to row distance can be
maintained at 200 mm.
Tractor-drawn inclined plate planter
Inclined plate planter consists of
individual seed boxes, furrow
openers and transmission system
with ground drive wheel. The seed
boxes are of modular design with
independent inclined plate type seed
metering mechanism. The seed
boxes are bolted to furrow openers.
The furrow opener assemblies are
adjustable for crop row spacing. The
planter is suitable for small and bold
size seeds such as pigeon pea, chickpea, green gram etc., by use of different
seed metering plates.For a six row tractor mounted unit the field capacity
vary from 0.50 to 0.65 ha/h at overall field efficiency of 70-75%.
Tractor-drawn seed-cum-fertilizer drill
The seed-cum-fertilizer drill consists of a
rectangular frame made from mild steel box
section, seed and fertilizer boxes, fluted roller
type seed metering mechanism, gravity type
fertilizer metering mechanism, shanks, furrow
openers, and ground wheel. The ground wheel
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through sprockets and chains provides the power to the seed and fertilizer
metering mechanisms. It is used for sowing such as chickpea, gram etc.
No-till or zero-till drill
The zero-till drill is similar to that of the
conventional seed-cum-fertilizer drill except
that the furrow openers are of specially
designed inverted ‘T’ type, which create furrow
grooves with reduced surface exposure to
maintain humidity for better emergence of
seedlings. Investigations have revealed that
compared to conventional sowing, zero-tilldrilling saved 70% sowing time and 64% cost
of seeding operation with overall increase in
benefit of 20-25% in black soils. The system is more effective in situations
where late harvesting of rice compels delay in planting. It is suitable for
sowing of seeds in rice fallows.
Happy seeder
Development of the Happy Seeder (HS)
machine was initiated in 2002at Punjab
Agricultural University, Ludhiana in
collaboration with Australian scientists and
funded by the Australian Centre for
International
Agricultural
Research
(ACIAR). There are three major prototypes
developed till date, each being an
improvement on the previous versions and
having their own particular advantages. The Fig. 7 Turbo HS sowing wheat in rice
first two versions helped cut and lift the standing stubble and loose straw
ahead of the sowing tynes so that they could engage in bare soil, and then
deposit the stubble as mulch on the sown area behind the seed drill. The
third version of the happy seeder consists of a rotor for managing the paddy
residues and a zero till drill for sowing wheat. Flails are mounted on the
straw management rotor that cuts (hits/shear) the standing stubbles/loose
straw encountered in front of the sowing tyne and cleans each tyne twice in
one rotation of rotor for proper placement of seed in soil. The rotor
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blades/flails guide the residue as surface mulch between seeded rows.
Instead, the straw is chopped finely with the inclusion of fixed blades on the
inside of the rotor volute and concave rotor blades in front of the improved
design inverted-T sowing tynes. All the furrow openers (tynes) are now on
the same bar and are curved so that there is only a very small clearance (15
mm) between the rotating flails and tynes, which are swept clean twice with
every revolution of the rotor and the straw is fed between the tynes. As a
result, the sowing lines are now more exposed, and visible. The rotor speed
is only marginally higher than in combo happy seeder (1300-1500 rpm).
Moreover, the turbo seeder does not have a strip-till mechanism and the
tynes are on a single toolbar (Singh et al., 2011).
Seed drill for sowing on furrow slants
The concept of sowing of
crops on the slant surfaces of a
specifically created furrow
was devised. The furrow
facilitated the collection of
runoff water to create and
maintain a high moisture
concentration in the plant root
zone, resulting in 26%
increases in plant height and
30–70% increase in grain yield
compared to the conventional
method. A three-furrow (six-row), multi-crop seed-cum-fertiliser drill was
designed and developed with the provision
for a seed-pressing device. Performance of
the seed drill was evaluated and compared
to a conventional seeding system with moth
bean (Variety: RMO-40) and cluster bean
(Variety: RGC-936) crops. About 30–40%
more grain yield was obtained for crops
sown using the above-mentioned seed drill compared to the conventional
method of sowing in year with normal rainfall (389.3mm). Greater
increases in grain yield (60–70%) were recorded under severe moisture
stress conditions (wilting stage) arising from a dry spell (28 days) towards
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the end of the monsoon season encountered during Kharif, 2001–2002
(Singh et al., 2007).
Controlled traffic slit drill
The controlled traffic slit drill was designed for zero till seeding in straw
fields after grain combining; the machine was operated on fixed path for
seeding on the area within the rear wheels of the tractor. The machine
consists of 07 number of rotary slit cutter(primary openers) units mounted
on a common shaft for cutting the surface straw/stubbles and opening
narrow and shallow slits (width=10 mm and depth=100 mm) in soil
followed by drill tines with secondary furrow openers for placing seed and
fertilizer into the slit.
Tractor drawn plastic mulch laying machine
Plastic mulch laying
machine is used for lying
of plastic film (width of
film=500–1500mm) for
mulching for efficient
moisture
conservation,
raising soil temperature
conducive
for
germination of seeds in
colder weather, weed
control and maintenance
of soil structure and environment. Machine consists of two concave discs of
400 mm diameter, two pneumatic press wheels of 350 mm diameter, two
pneumatic transport wheels of 600 mm and two scrapers for covering
plastic film roll edges with soil are mounted on telescopically adjustable
shanks with the help of clamps on the main frame. Mountings of press
wheels are assisted with compression springs. Roll holder are provided for
mounting of plastic sheet roll on roll holder assembly with adjustments for
height and width.
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Tractor-drawn raised bed planter
The raised bed planter consists of a
frame, planting hoppers, fertilizer box,
furrow openers, bed shaper and power
transmitting wheel. The bed shaper can
be sliding type or roller type. The
furrow openers are ridger type and have
mouldboard and share point. The
wingspan of the mouldboard can be
adjusted. The machine makes two beds.
Machine can sow two or three rows of crops on each bed. Machine has seed
metering unit of vertical disc type.
Weeding and interculture equipment
Manually operated weeding tools/equipment are available in different
categories i.e. small tools such as hand hoes (traditional), spades or
chopping hoes, long handle weeders (push pull type) and wheel hoes. The
small weeding tools or aids are traditional hand held type hoes like
"Khurpi" are operated in squatting posture of the operator and have very
low work rate. These tools are efficient in removing the weeds but are very
slow in operation. These hoes are suitable for removing weeds in between
rows and fields with broadcasted seeds. Spades or chopping hoes work on
principal of impact and have straight, curved or pronged blades. The weeds
are removed by digging and cutting a slice of top soil along with the weeds
which cuts and uproots the weeds present on soil surface. These are
operated in bending posture of operator and the operation is slow and tiring.
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Long handled weeders have a soil-working tool mounted at the end of a 1.5
to 2.0 meter long wooden/bamboo handle. These tools are operated in push
or push-pull or pull mode and in standing posture of the operator. The soil
working tool consists of one or more blades of different shape and size
mounted on tines which in turn are fixed on a socket for fitting to the
handle. Common shapes of blades are straight, convex, Vshape, sweep,
serrated, etc. The weeders are designed to work under favourable soil
moisture conditions and give high work output at early stages of crop
growth. Wheel hoe type weeders work on push-pull action of operator and
are usually provided with one or two wheels or a weeding roll/drum.
Wheels or weeding roll support weight of weeder, control depth of
operation and add to stability of the weeder. Cutting blade cuts and uproots
the weeds at shallow depth and is provided at rear end for weeding under
upland conditions. The weeders having peg or star type weeding drum also
mix the cut and uprooted weeds, in
the soil, and form soil mulch, which
helps in conserving soil moisture.
These are operated in standing posture
and give higher work output as
compared to other types of weeders.
Some designs are wheel hoe (single
and twin wheel type), dryland weeder
(peg and star wheel type), etc. The
field capacity of this type of weeders
varies from 0.1 to 0.15 ha/man/day.
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Manually-guided self-propelled power weeder
This equipment is powered by a 5 hp light weight diesel engine mounted on
the frame. The power weeder consists of discs mounted with curved blades
in opposite directions alternatively in each disc. The engine power is
transmitted to the ground wheels and rotary blades through gear reduction
unit. The rotating blades can be engaged/disengaged through the actuating
clutch. The rotating blades enable cutting of weeds and integrating into the
soil. The width of coverage and the depth of operation of the power weeder
can be adjusted.
Tractor-operated multi-row rotary weeder
The PTO driven multi-row
rotary weeder consists of a
set of cutting blades, which
penetrate into the soil, cause
removal of weeds in
between the crop rows. The
driving shaft of gearbox is
coupled with PTO shaft of
the tractor and driven shaft
is coupled with rotary units
by means of chain and sprocket power transmission system. The L-shaped
cutting edge is sharpened for easy cutting and fixed at an angle of
inclination of 50o to horizontal. This equipment can also be used for
pulverizing the soil. The equipment required 26 kW tractor for its operation
and can cover 0.25 ha/h.
Pre-emergence herbicide applicatorcum-planter
A pre-emergence herbicide stripapplicator-cum-planter is used to apply
strip of herbicide at the time of sowing
in widely spaced crops to control weeds
along the crop rows. A 6-row stripapplication unit is used as an
attachment to inclined-plate planter and
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consists of a frame on which 6 flat fan spray nozzles are mounted by means
of clamps, a single action piston pump with 9l/min capacity, pressure
regulator valve, pressure gauge and pressure pipes. The spacing between the
spray nozzles, angle and height of spray nozzles canbe varied by adjusting
the clamps. The field capacity of the machine is about 0.4 ha/h and saves
about 40-50% herbicide. The same machine can be used as post-emergence
herbicide/pesticide applicator after the removal of furrow openers and
increasing the height of nozzles from the ground.
Plant-protection equipment
Various crops are also very susceptible to insect attacks. Timely and proper
plant protection measures are needed by the crops to avoid yield losses to
the crops. Manual and power operated
sprayers are used to apply plant
protection chemicals. Equipment for
increasing the application efficiency of
chemicals are needed to make
application
more
effective
and
minimize the expenditure on chemicals.
Hand-operated knapsack sprayer
Knapsack sprayers are used for
spraying insecticides and pesticides on small trees, shrubs and row crops.
The handle of the pump extending over the shoulder or under the arm of
operator is operated with short up and down strokes to pump with one hand
and spray with the other. Uniform pressure can be maintained by keeping
the pump in continuous operation. Knapsack sprayer consists of a pump and
air chamber permanently installed in a 9.0 to 22.5 l tank. Uniform pressure
maintained by keeping the pump in
continuous operation forces the spray liquid
out of spray nozzle on opening of control
valve.
Self-propelled sprayer
The self-propelled lightweight boom
sprayer can be used for chemical
application in different crops. The machine
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is operated by 3.75 kW diesel engine and is controlled by the operator from
the handle. The machine consists of a lightweight power tiller unit and a
spraying unit. Spray pump and two narrow pneumatic wheels get power
from the engine through gears, chains and sprockets. One caster wheel is
also provided at the rear, which acts as supporting wheel. The spray boom is
mounted on the power unit through a canopy frame.
Self-propelled intra-canopy sprayer
Self-propelled
high
clearance sprayer is
most
suitable
for
spraying on tall crops
like pigeonpea, cotton
etc. The front two
wheels are narrow in
width (20 cm) and are
given drive, while the
rear wheels are steering wheels. Fenders have been provided in front of the
drive wheels to deflect the crop branches away from the wheels for reducing
mechanical damage. The machine has a chassis with 1200 mm ground
clearance, four wheels, and 15 kW diesel engine, gearbox, water tank, seat
for the operator, spray pump and boom with18 nozzles. The nozzles are
spaced at 675 mm and total boom width is 10.80 m. The boom height can
be adjusted from 315 to 1685 mm to suit different crops and can be folded
during transport.
Harvesting and threshing equipment
Harvesting and threshing of most of crops is done using manual labour. For
threshing of the crops both special crop and multicrop threshers of varying
capacity operated by electric motor and
tractors are also being adopted by the
farmers.
Improved sickle
It is used for harvesting chickpea, grasses
and thin stalked crops. It consists of
serrated blade, ferrule and wooden
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handle. Cutting of crop stalk is being done with the improved (serrated)
sickle by sawing action as against by impact or pulling action in case of
local (plain) sickle. Due to its less weight i.e. about 180 g the fatigue
coming on wrist is less and the drudgery involved in harvesting is reduced
as compared to local. Its capacity is 150 m2/h.
Self-propelled walk-behind type vertical conveyor reaper
The self-propelled walk-behind
type VCR consists of 6 hp diesel
engine, crop row dividers, star
wheels, standard cutter bar having
76.2 mm pitch of knife sections,
vertical conveyor belts, steel
lugged wheels and power
transmission system. The weight
of the reaper is about 160 kg
without engine. The crop row
dividers guide the standing crop,
the star wheels direct the crop
towards cutter bar and help in slightly lifting the crop after it is cut, turn it at
90 degree and help in conveying by the lugged conveyor belts. The two
lugged flat belts convey the cut crops towards the right side of the machine
keeping the crop in vertical orientation. At the end, the crop is discharged
and laid on the ground in the form of windrow. The power is transmitted
from the engine to the cutter bar and conveyor belts through V-belts and
pulleys. The top conveyor belt drives the star wheels on the crop row
dividers. Pressure springs are fitted below the star wheels and between the
conveying platforms to keep the cut crop in upright position while it is
being conveyed out of the machine. A second prototype with the addition of
one more crop row divider was fabricated and the effective cutter bar width
was increased from 927 mm to 1250 mm. The modified reaper was
evaluated for harvesting MACS 58 variety of soybean crop. The average
area covered, fuel consumption, stubble height and total machine losses
were 0.418 ha/h, 0.74 l/h, 85 mm and 4.66%, respectively.
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Self-propelled riding type vertical conveyor reaper
A riding type self-propelled
vertical
conveyor
reaper
windrower is powered by a 6 hp
diesel engine and the effective
cutter bar width is 153 cm. It is
provided with four pneumatic
wheels, two driving wheels in the
front having size of 7.50–16, 14
PR and two steering wheels on the
rear having size of 4.50–10, 8 PR.
Simple systems of clutch, brakes, steering and hydraulics have been
incorporated and an operator’s seat is provided to make the machines riding
type. It has two forward and one reverse speed.The machine was evaluated
for harvesting four varieties of wheat and four varieties of soybean. In case
of wheat the machine could be operated at an average speed of 3.31 km/h
and effective field capacity, fuel (diesel) consumption and total machine
losses were 0.260 ha/h, 0.99 l/h and 0.472%, respectively. The overall mean
values of forward speed, effective field capacity, fuel (diesel) consumption
and total machine losses for soybean harvesting were 3.25 km/h, 0.288 ha/h,
0.96 l/h and 5.89%, respectively.
Power tiller-operated vertical conveyor reaper windrower
A power
tiller-operated
vertical
conveyor reaper with 1.2 m size cutter
bar has been developed. The basic
features of the machine are similar to
that of walk behind type reaper. Based
on the tests conducted for wheat
harvesting, the effective field capacity
was recorded as 0.12 ha/h at a forward
speed of 1.64 km/h. The average fuel (diesel) consumption was 1.1 l/h preharvesting losses and harvesting losses were recorded as 2.6% and 6.41%,
respectively.
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Tractor-front-mounted vertical conveyor reaper
The
machine
consists
of
reciprocating cutter bar assembly,
crop row divider, two vertical
conveyor belts fitted with lugs,
pressure springs, pulleys and
gearbox for the power transmission
system. The crop row divider fitted
in front of the cutter bar assembly
divides the standing crop and the star
wheels mounted on the crop row
divider direct the crop towards cutter
bar. The machine is mounted in front of the tractor and the power to the
machine is given from tractor PTO with the help of intermediate shaft
running beneath the chassis of the tractor. Height of the machine above
ground is controlled by tractor hydraulic with the help of pulleys and steel
ropes. After the crop is cut by the cutter bar, it is held in a vertical position
and conveyed to one side of the machine and fall on the ground in the form
of a windrow perpendicular to the direction of movement of machine. It
saves about 125-130 man/h/ha and cost of operation is 40-50% less in
comparison to manual harvesting.
CIAE multi-crop thresher
It consists of spike tooth cylinder
(50 cm dia), aspirator type blower
and sieve shaker. Two top covers,
three concave, three sieves, variable
cylinder speeds (7-21 m/s) are
provided for threshing different
crops. It is suitable for threshing
wheat, maize, sorghum, rice, gram, pigeon pea, soybean, mustard,
sunflower and safflower crops and the output capacities and total grain
losses are 276, 1635, 540, 392, 392,348, 98,200, 79,166,150 kg/h and 0.82,
2.2, 1.66, 1.86, 1.86, 0.98, 2.2, 3.7, 7.3 and 2.9%, respectively.
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Axial-flow multi-crop thresher
This thresher can be used for threshing
many types of crops such as blackgram,
cowpea and soybean. The thresher has an
axial flow system and the material flows
parallel to the axis of the threshing cylinder.
It consists of threshing cylinder, concave,
cylinder casing, cleaning system, feeding
hopper and blower frame. The threshing
portion has raised spikes. The machine is operated by PTO of 26 kW tractor
or 6 kW diesel engine or 3.7 kW electric motor.
Straw Reaper with in-built trailer
Combine harvesting is widely
practiced by medium and large
farmers for wheat harvesting on
custom hire basis due to
scarcity of labour during
harvesting period. Straw reaper
was developed to retrieve
bhusa left over as a result of
combining
which
was
otherwise being burnt by the
farmers to have clear field for the next cropping season. The machine
required operation of a tractor trailer along with the unit for collection of the
harvested straw by the machine. The system also was adopted by the
farmers on custom hire basis. The machine is being adopted by the farmers
as it resulted in retrieval of the wheat straw, which is an important animal
feed and has economic value (about Rs. 2000–2500/q).
Self-propelled combine harvester
Combine harvesting of field crops offer the
advantage of timely harvesting with
reduced grain losses and drudgery and
makes available the field for immediate
sowing of subsequent crops. The machine
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being a self-propelled unit has the provision of cutting/reaping, conveying,
threshing, cleaning and delivering the grain to tank/bags. It is generally
suitable for harvesting chickpea, rice, wheat, soybean, and similar crops and
covers wide area depending on the size of cutter bar and conditions of field.
A medium size combine attached with 26 kW engine and having reaping
width of 1.4 m can give field coverage of 0.25-0.30 ha/h with good quality
grains and chopped/stripped straw.
Selection, adjustments and operation of farm machinery
For getting desired performance from the machinery, its proper selection,
adjustment and operation is desirable. Machinery to be used for seedbed
preparation should be suited to soil type and operating soil moisture
conditions. In seedbed preparation machines, adjustment of proper depths of
operation and overlap to be provided during operation are essential to get
good seedbed with optimum use of energy. Proper operation of seedbed
preparation equipment would lead to preparation of good seedbed.
Machines to be used for establishment of crops on residual moisture should
be capable to do the seedbed preparation operations in single pass or lesser
number of passes as compared to conventional systems. Similarly, selection
of machines for drilling and planting should be able to drill/plant the crops
as per the requirement. Efficient placement of fertilizer during sowing
improves production to a great extent. Therefore, sowing machines should
have provision for placement of fertilizer with seeding operation. Crops
requiring precise plant to plant spacing in rows should be planted using
suitable planting machines. Type of machines to be used (manual/animal
operated or tractor operated) should be decided based on size of land
holding on which it is to be used. Interculture and plant protection
equipment are also selected according to the requirements of the crop and
crop planting geometry and size of the land holding. Different crops have
high requirements as far as application of plant protection chemicals is
concerned. The equipment to be used should have high chemical application
efficiency. Similarly, selection of harvesting and threshing machines is also
governed by the crop, crop variety and crop conditions at harvesting stage.
Proper adjustment of the machines is also very important for getting most
efficient performance from the machine.
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Seeding machines need proper calibration for seed rate and precise control
of seeding depth for different crops. Plant protection equipment again
require calibration for proper application rate and pressure. Use of proper
nozzles for getting desired particle size of spray droplets is also required.
Intercultural equipment need to be adjusted for proper row spacing, speed
of operation and type and size of the soil working components as per the
crop requirement and type of the soil. Among the harvesting equipment,
reapers are adjusted for proper speed of cutter bar and conveying unit
according to crop condition. Threshing equipment require proper
adjustment of speed of threshing cylinder, concave clearance, provision for
proper sieves and their speed, speed and air flow rate of blowers etc.
Training of operators in proper operation of equipment is very much
desirable to get the best results from operation of machines. Regulation of
proper speed and depth of operation and adequate overlap is very much
desirable. Similarly proper operation of seeding/planting machine is
desirable for establishment of good crop. During operation, proper watch on
proper delivery of seed and fertilizer in furrows, maintenance of proper
seeding depth and speed of operation is required to achieve proper
seeding/planting of crops. Proper operation of intercultural equipment is
desirable for control of weeds and aeration of soil without damage to the
crop. Plant protection equipment should be operated to achieve required
quantity of chemical application in efficient manner. This would require
maintenance of proper pressure and uninterrupted spray of chemical. Proper
operation of harvesting machines should ensure proper speed of operation
and proper working of cutter bar, conveying unit and their drives. Proper
operation of threshing machines should ensure proper operation of belts and
pulley and other drives, viz. operation of threshing cylinder, sieves and
blowers. Feeding of crop is to be regulated such that the unit works
uninterrupted and at the same time throughput is optimum. Proper threshing
with minimum damage and good cleaning should be ensured.
Promotion of Improved Agricultural Machines
Good numbers of improved machines and implements have been developed
and are available for different crops. However, their adoption at farmers is
quite low. It has been established that productivity of crops could be
enhanced through mechanization. There is need for popularization of these
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equipments through front line demonstrations and promotion of custom hire
service. Availability of quality equipment in different location is also a big
bottleneck in promotion of these equipments. Efforts should be made to
promote manufacture of need based quality equipment in different regions.
In India, Department of Agriculture and Cooperation, Government of India
launched technology mission programmes for enhancing productivity and
production. These programmes are aimed at introduction of improved
varieties of the crops, promotion of efficient management of crops and
improved agricultural machinery through FLD programmes. FLD on
improved agricultural machinery is being operated through 39 and 38
centres which include KVKs and centres of AICRPs on Farm Implement
and Machinery. Improved frontline equipments being promoted are given at
table 17.
Table 17. Improved agricultural equipment being promoted
Capacity,
Approx. unit price,
Name of implement
ha/h
Rs.
Rotavator
0.35
90,000
Tractor drawn bed planter
0.30
30,000
Ridger seeder
0.30
28,000
Animal drawn inclined plate planter
0.15
15,000
Animal drawn 3 row seed drill
0.1 – 0.3
7,000
Tractor drawn inclined plate planter
0.50
37,000
Power weeder
0.25
50,000
Self-propelled vertical conveyor
0.25
70,000
reaper
CIAE high capacity multi-crop
15-25
100,000
thresher, q/h
Hand operated grain cleaner, q/h
2.0
24,000
Power operated grain cleaner, q/h
3-8
20,000
Dal mill with motor and starter, q/h
1.0
30,000
Challenges and Opportunities for Agricultural Mechanization
The decreasing trend in operational land holding is obstructing the growth
of agricultural mechanization. High costs of machines and maintenance,
non-availability of appropriate agricultural machines and equipment that
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cater to and suit the requirements of small scale farms, non-availability of
and/or difficulty in getting bank credit and small land holding are some of
the 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.
Decreasing size of land holding
The number of land holdings is increasing and holding size has declined
from 2.28 ha in 1970-71 to 1.15 ha in 2010-2011. Small (1 to 2 ha) and
marginal (below 1 ha) farms constituting 85 per cent of the total number of
holdings, cultivate only 44.3per cent of the area; whereas 14.2 per cent
medium farms (2 to 10 ha) account for 44.8 percent of the cultivated area
and 0.7 per cent large farms (above 10 ha) account for 10.6 per cent of the
cultivated area. Farm sizes, therefore, are generally small, and there will be
little mechanization unless machines appropriate for smallholdings are
available or substantial farm amalgamation takes place. However, it is to
note that average emerging land holdings are large enough for mechanized
farming as evidenced in Punjab and Haryana. The new draft National
Agricultural Policy states that its approach on land reforms will focus on
development of lease market for increasing the size of the holdings by
making legal provisions for giving private lands on lease for cultivation and
agribusiness.
Farm power availability
One of the major constraints of increasing agricultural production and
productivity is the inadequacy of farm power and machinery with the
farmers. The average farm power availability needs to be increased to
minimum 2.5 kW/ha to assure timeliness and quality in field operations,
undertake heavy field operations like sub-soiling, chiseling, deep ploughing
and summer ploughing. The availability of draft animals is reducing, thus
shortfalls have to be met mostly through electro-mechanical power sources.
Custom hiring services
Due to reduction in the size of the holdings, it is difficult for the farmers to
procure the machinery on their own. As a result, the benefits of
mechanization have been enjoyed by only a section of the farmers who have
large farm holdings. Besides, inputs of farm machinery are capital intensive
157

and majority of our farmers do not get the desired advantages in view of the
shortage of capital with them to acquire these assets. Therefore, an
arrangement to provide custom hiring service facility for these farm
machinery to the farmers by engaging unemployed agricultural graduates
will go a long way in meeting the requirements. Agro service centres will
be able to provide the machinery on custom hire basis to these small and
medium farmers as and when it is needed.
Future Scope of Agricultural Mechanization
Conservation agriculture technologies: Food and Agricultural
Organization (FAO) of the United Nations defined conservation agriculture
(CA) as a concept for resource saving of agricultural crop production that
strives to achieve acceptable profits together with high and sustained
production levels while concurrently conserving the environment and
minimizing or eliminating manipulation of the soil for crop production. It is
estimated that global conversion of all crop lands to conservation tillage
(CT) could sequester 5 billion tonnes of carbon annually. Zero tillage
farming on 1.2 million ha of Indo-Gangetic plains reportedly saved 360
million m3 water. It would also reduce the number of operating hours of the
tractors and pumps, thus, reducing emission of CO2 from the tractor and
engines used for operating the agricultural equipment and pumps.
CA is characterized by three sets of practices which are linked to each other
in a mutually reinforce manner, namely
-

Continuous no-or minimal mechanical soil disturbance
(minimum/zero tillage);
Permanent organic matter soil cover, especially by crop residues and
cover crops;
Diversified crop rotations in the case of annual crops or plant
associations in case of perennial crops, including legumes.

Because of the benefits that CA systems generate in terms of yield,
sustainability of land use, income generation, timeliness of cropping
practices, ease of farming and ecosystem services, the area under CA
systems has been growing rapidly, largely as a result of the initiative of
farmers and their organizations. In addition to this, the use of fertilizer and
agrochemicals can be reduced in the long term by 20 per cent. Even the
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capital investments into heavy machinery such as tractors can be reduced by
50 per cent. This would reduce the emissions resulting from the production
of these inputs. However, the largest contribution to mitigate climate
change with CA can be obtained from carbon sequestration and the storage
of atmospheric carbon into the soil. The levels of carbon to be captured in
the soil vary depending on climate and production system. Suitable
selection of fertilizers and placement in the soil can reduce the GHG
emissions also under zero tillage conditions.
Precision farming for enhanced input use efficiency: To achieve
sustainable higher levels of productivity, mechanization is essential.
Resource management problems are complex and vary greatly among farms
and in various agro-eco-regional levels. Due to variability in placement of
agricultural inputs or low efficiency of agricultural inputs, farmers tend to
apply additional quantity of agricultural inputs, thereby increasing the cost
of production and raising environmental concerns. Improvement in
efficiency of agricultural inputs delivery systems needs to be addressed
through appropriate mechanization. The seed rate variability has been
reported to the tune of 20-25% in conventional seed drills. However,
comparable yields were obtained with the use of planters using lower seed
rate, thereby, saving costly seeds. Similarly, application of fertilizer using
gravimetric metering system leads to very high variability in proper
placement at desired application rate. Concerted R&D efforts are needed to
develop efficient metering systems, which will positively meter the inputs
like seed and fertilizer and address the placement issues.
Irrigation: Water is the most critical agricultural input and increasing
worldwide shortage of water and costs of irrigation are leading to an
emphasis on developing methods of irrigation that minimize water
application or maximize the water use efficiency. The advent of precision
irrigation methods such as trickle/drip irrigation has played a major role in
reducing the water required in agricultural and horticultural crops, but has
highlighted the need for new methods of accurate irrigation scheduling and
control. A computer-based control system consists of a combination of
hardware and software that acts as a supervisor with the purpose of
managing irrigation and other related practices such as fertigation,
chemigation and maintenance. Real-time soil moisture based irrigation
scheduling is a new approach, where the irrigation scheduling system
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determines the required input for the system control algorithms. This results
in 15-20% saving of water. Another major concern is drainage of excess
water from root zone of the crops, especially with the crops, which are
susceptible to temporal water logging. Yield reductions have been reported
in case of crops like maize and pigeonpea due to temporal water logging.
Appropriate technology needs to be made available to drain the excess
water from root zone of the crop and recycling of this water for irrigating
the subsequent crop. In absence of a well-established drainage grid, sitespecific mole drainage grids can help in temporarily draining excess water
from the field.
Spraying: Pesticides are another costly agricultural input, which has raised
environmental concerns. However, with prime concern of safeguarding the
produce coupled with use of inefficient spraying system has led to higher
application rates (600-1000 l/ha). Innovative spraying equipment such as air
assisted sprayers, ULV sprayers and canopy sprayers can improve the
efficacy of spray. This will reduce the application rate as well as number of
sprays in field and horticultural crops, thereby, reducing the pesticide
requirement, hazards of over application and reducing the pollution of soil
and ground water
Future Thrust Areas for Farm Mechanization
The major emphasis during the last four decades was on the development
and promotion of hand tools, animals drawn equipment and low power selfpropelled machinery. With modernization and diversification of agriculture,
and expansion of market, the demand of farm machinery in future will be
more for high capacity crop production equipment to be used on custom
hiring basis.
The targets for mechanization in India are:
-

Increase of power input to 2.5 kW/ha by the year 2020.
Development of equipment/system for dry land farming, precision
farming and conservation tillage.
Development of equipment for harvesting of pulses.
Development of high capacity farm machines for timeliness of farm
operations.
Improvement in management of farm machinery.
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-

Prototype manufacturing and frontline demonstrations of improved
agricultural equipment for mechanization.
Strengthening research/development and manufacturer linkages.
Development of database on farm mechanization and agricultural
equipment manufacturing for improved farmer-manufacture linkage.

Future Prospects for Mechanization and Suggested Strategies for its
Promotion
Small and scattered land holdings, high initial cost of equipment, nonavailability of high-tech precision equipment, poor quality of equipment
available in the market and poor after sales services are some of the major
challenges for mechanization of Indian agriculture, which hinders faster
growth of farm mechanization. The efforts so far have been mainly towards
tractorization rather than mechanization of Indian agriculture. Although,
farmers have a number of options for financing, a number of challenges
continue to hinder credit flow within the beneficiaries. These include high
collaterals, especially for loans of more than 1.0 lakh, high interest rates and
relatively low repayment periods (5-7 years). Small and marginal farmers
are still far away from the benefits of farm mechanization. Even after a
large number of custom hiring centres are in operation small and marginal
farmers struggle to perform the farm operations timely. Since, about 85% of
farm holdings are under small and marginal category this group of farmers
needs to be targeted with appropriate farm machines and technologies.
The future investment in agricultural mechanization will be guided by a
number of factors. Sales data gathered over the past years indicate growing
preference for tractors in the 41 to 50 hp or higher hp range. High capacity
machines including rotary tiller, harrows, laser levelers, high clearance
sprayers, planters, high capacity threshers and self-propelled and tractors
drawn combines will also be preferred in future. The custom hiring of
mechanical power for tillage, irrigation, harvesting and threshing will be
preferred by those farmers who cannot afford to own machines. The present
trend in agricultural mechanization is for the high capacity machines to be
used for custom hiring and for contractual field operations. Hand operated
tools and implements will only grow very slowly as the number of
agricultural workers increase. Animal operated implements will decrease
due to the continued decrease in the number of draft animals. In contrast,
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the use of power operated farm equipment will increase rapidly.
Horticulture mechanization and mechanization of hill agriculture are areas
where mechanization has to go in a long way to increase the farmer’s
income by reducing labour requirement.
Business and enterprise friendly policies, laws, and regulations as well as
physical and institutional infrastructures, which encourage commercial
activities and entrepreneurship in farming, input supply, produce handling,
processing and marketing as well as in manufacturing will be key factors to
the success of agricultural mechanization in the different states of India.
Following strategies may be considered for promoting farm mechanization
in the country.
 Reduce or eliminate subsidies and use these funds to reduce interest
rates on loans and taxes for purchase of equipment and machinery
for agricultural operations and food processing.
 Promote on-farm storage, processing and marketing facilities in
catchment areas.
 Number of custom hiring centres, especially in areas of small and
marginal land holdings should be increased substantially.
 Quality of farm machines must be assured at as it brings more
confidence among farmers for adoption of farm mechanization.
 Strengthen support services for research and development; testing
and standardization; as well as for human resource development in
support of agricultural mechanization.
 Manufacturing facilities should be developed especially in areas
with low level of farm mechanization by providing incentives to
manufacturers establishing such facilities in these areas.
 Since %age of women workers in agriculture is increasing day by
day development of gender friendly equipment should be taken up.
 In order to provide economical mechanization solutions to the
farmers, cooperative farming should be promoted in areas of small
sizes of holdings.
 More research and development efforts should be diverted towards
development of machines for mechanization of horticulture and hill
agriculture.
 In order to reduce the input cost the use efficiency of various farm
inputs needs to be improved through high-tech interventions such as
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site-specific nutrient management, mechatronics and optoelectronics.
 Skill development in the area of operation, repair and maintenance
of farm machines should be taken up.
Conclusions
In spite of governmental efforts, production and productivity of agriculture
crops is much lower as compared to other major crop producing countries
of the world. Low productivity apart from other factors is due to delay and
improper establishment of the crops and further management. Through
introduction of mechanized cultivation of the crops, above issues could be
substantially addressed. Good number of improved equipment has been
developed and is available in the country. However, due to their high initial
cost and low annual use, their adoption by the farmers is very low. There is
a need to promote their wider adoption through demonstration and
popularization programmes and promotion through custom hiring services.
Availability of these equipment in different crop growing regions is also a
bottleneck in their adoption. Efforts need to be speeded up to ensure
manufacture of need based equipment in different crop growing regions.
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Introduction
Nepal is a mountainous and predominantly agrarian land-locked country of
28.98 million people as of 2016 with 10 religious having 125 caste/ethnic
groups and 123 languages spoken as mother tongue. Which is located in the
southern slopes of the Himalayas, bordering the Tibet Autonomous Region
of People's Republic of China in the North and Republic of India in the
South, East and the West. In the north, there is the great Himalayan range, 8
out of the 14 highest peaks in the world above 8,000 meters including the
highest peak of the world Mt. Everest of 8848 meters. It has three
ecological zone, mountain, hill and terai (plain land), starting from 72
meters above mean sea level. The hilly and the mountainous regions
account for 77% of the total land area of 147,181 sq. km, while the terai
plain accounts for 23% of the area. The country has 7 provinces and 5
agroecological zones (Figure 1).

Figure 1. Physiographic division of Nepal
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Climatic condition is strongly influenced by the monsoon circulation. On
the basis of monsoon phenomena there are four season: winter (DecemberFebruary); Pre-monsoon (March-May); Monsoon (June-September) and
Post-monsoon (October-November). Country receives mean annual rainfall
of 1550 mm, total rainfall is 102 days, more than 80% of annual rainfall
during monsoon. Irrigation is one of the major factor to boost productivity,
2,641,000 ha (around 18 %) of the total land area is cultivable, out of which
47 % rain-fed. Irrigable area is 1,766,000 ha, at present 1,392,177 ha has
been irrigated by different irrigation system as shown in table 1. About 22%
people still below poverty line. Average land holding is 0.68 ha with major
crops: paddy, maize, wheat, horticulture etc. Livestock: cattles, buffaloes,
sheep/goat, pigs and poultry.
Table 1. Current irrigation status up to fiscal year 2015/16
Particulars
National Area
Cultivable Area
Irrigable Area
Farmer Managed Irrigation
Surface Irrigation
Underground Irrigation
Total Irrigated Area

Area (ha)
14,718,100
2,641,000
1,766,000
198,140
785,494
408,543
1,392,177

Percentage Compared
17.94% of National Area
66.86% of Cultivable Area
14.23% of Irrigated Area
56.42% of Irrigated Area
29.34% of Irrigated Area

Source: Statistical Information on Nepalese Agriculture, 2072/73 ( 2015/16), MoAD

Overview of Agriculture Sector
Traditionally Nepal is an agrarian country, agriculture contributing 29.37%
of total national GDP (2016/17) and more than 66% of total employment.
Agriculture occupies around 21 % of total land area of the country, of
which 53% of cultivated area is irrigated. It is the backbone of rural
livelihood. Major agricultural products include paddy, wheat, maize, barley,
millet, potato, lentils, tea, sugarcane, coffee, ginger and large cardamom;
and some of these are also exportable products. The area of food crops, cash
crops and their production details are given in table 2 and 3.
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Table 2. Area of food crops and their production details

Source: Economic Survey, Fiscal Year 2016/17, Ministry of Finance, GoN; Note: Figures
in the lower rows denotes growth in % as compared to that of previous fiscal year

Table 3. Area of cash crop their production details

Source: Economic Survey, Fiscal Year 2016/17, Ministry of Finance, GoN
Note: Figures in the lower rows denotes growth in % as compared to that of previous fiscal
year
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However, the average growth rate of this sector in last 10 years remained at
2.9%. Agriculture is important for Nepalese economy not only for
providing consumable product but also for raw materials to industries and
tradable items. Significant numbers of industries in Nepal are based on
agricultural products. Similarly, agricultural products occupy a considerable
share in Nepal’s export. Realizing the importance of agriculture for national
livelihood, promoting employment and income generation, earning foreign
exchange, ensuring food sufficiency and meeting the need for consumption
and trade, the Government implemented and completed a long-term
Agriculture Perspective Plan (APP) for 20 years started in 1995. Currently,
the Government has approved the Agriculture Development Strategy (ADS)
for next 20 years.
Ministry of Agricultural Development (MoAD) is the apex body for overall
responsibility for the growth and development of agriculture sector. The
Department of Agriculture (DoA) of Ministry of Agricultural Development
is the implementing agency, which has 12 professional directorate and
various projects in agriculture has given high priority in agricultural
mechanization to overcome current situation of agricultural labour shortage
and commercialization in the country.
Agricultural Policy and Strategy
The Constitution of Nepal 2072 (2015) is the fundamental law of Federal
Democratic Republic of Nepal, in which agriculture and related subject are
given special emphasis and clearly spell out its importance. The different
parts, article, section and schedule briefly describe about agriculture and
related subjects as below:
PART 3 . Fundamental Rights and Duties
-Article 25. Right to property: Point (4) The provisions of clauses (2) and
(3) shall not obstruct the state in carrying out land reforms, management
and regulation by law in order to increase the production and productivity
of land, modernize the agriculture and make it professional, environment
protection and managed housing and urban development.
-Article 42. Right to social justice: Point (4) Each peasant shall have the
right to access to land as provided for in law for agricultural purposes, along
169

with the right to choose and preserve traditionally adopted and used
endemic seeds and agricultural species.
PART 4 . Directive Principles, Policies and Responsibilities of the State
-Article 51. State policies: Section (e) Policies regarding agriculture and
land reform:
• Introducing scientific land reform by ending dual ownership of land
for the benefit of farmers.
• Increasing produce and productivity through land plotting and by
discouraging absentee land ownership.
• Protecting and promoting rights and interests of peasants and
utilizing the land use policy for increasing production and
productivity of agriculture and for commercialization,
industrialization, diversification and modernization of agriculture;
• Making proper utilization of land through proper regulation and
management on the basis of productivity of land, its nature, and also
by maintaining environmental balance.
• Making arrangements for agricultural tools and an access to market
with appropriate price for the produce.
Section (h) Policies regarding the basic needs of citizens:
• Increasing investment in the agricultural sector by making necessary
provisions for sustainable productivity, supply, storage and security,
while making it easily available with effective distribution of food
grains by encouraging food productivity that suits the soil and
climate conditions of the country in accordance with the norms of
food sovereignty.
Schedule 6 (related with article 57 (2), 162 (4), 197, 231 (3), 232 (7), 274
(4) AND 296 (4) list of provincial powers/jurisdiction
sl. no.20 Agriculture and livestock development, factories,
industrialization, business, transportation
Schedule 8 (related to 57 (4), 214 (2), 221 (2) AND 226 (1)
list of powers/jurisdiction for local level
sl.no.11 local roads, rural roads, agriculture roads, irrigation
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S.No.15 Farming and livestock, agriculture production
management, livestock health, cooperative;
S.No.18 Management, operation and control of agriculture
extension
Schedule 9 (related to 57 (5), 109, 162 (4), 197, 214 (2), 221 (2) and 226 (1)
list of concurrent powers/jurisdiction for federation, province and
local level
sl. no. 4 Agriculture
Sector wise Policies
Nepal has sector wise policies for properly implementing related plans and
programs. In agriculture, there are more than 20 different policy formulated,
including: National Agriculture Policy 2061 (2004), Agriculture Business
Promotion Policy 2063 (2006), Agriculture Biodiversity Policy 2063
(2006), National Tea Policy 2057 (2000), National Coffee Policy 2060
(2003), Dairy Development Policy 2064 (2007), National Seeds Policy
2056 (1999), National Fertilizer Policy 2058 (2001), Irrigation Policy 2060
(2003), Poultry Policy 2068 (2011), Pasture Policy 2068 (2011), Floral
Promotion Policy 2069 (2012), National Land Use Policy 2069 (2012),
National Cooperatives Policy 2069 (2012), Commerce Policy 2065 (2008),
Climate Change Policy 2067 (2010), Industrial Policy 2067 (2010), Supply
Policy 2069 (2012), Science and Technology Policy 2069 (2012),
Biotechnology Policy 2063 (2006.), Agricultural Mechanization Promotion
Policy, 2071 (2014), etc.
National Agriculture Policy 2061 (2004)
The National Agriculture Policy, 2061 follows an objective of creating an
enabling environment for agriculture-led rural development. It emphasizes
competitiveness of the agricultural sector encouraging farmers to go for
commercial production. The policy divides farmers into two groups – small
and large ones and aims to provide more resources to the small farmers.
Farmers who own less than four hectares of land are labeled as resource
poor farmers. They enjoy government assistance provision to boost their
productivity. The policy aims at increasing productivity and promoting
availability of natural resources to leverage them in the interest of farmers
with limited resources.
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The long-term vision of the agricultural sector is to bring improvement in
the living standards through sustainable agricultural development by
transforming subsistence agricultural system into a commercial and
competitive agricultural system. The policy aims at achieving high and
sustainable economic growth through commercial agriculture system
contributing to food security and poverty reduction. It emphasizes:
 increased agricultural production and productivity,
 making agriculture competitive in regional and world markets with
commercial agriculture system,
 conserving, promoting and utilizing natural resources, environment
and bio diversity
Agricultural Development Strategy (ADS) (2015)
For the overall development of agriculture in the country, the Government
of Nepal (GoN) has approved the Agricultural Development Strategy
(ADS) on 26 July, 2015. It is a 20-year strategic planning from 2015 to
2035. ADS has identifies Agricultural Mechanization as one of the thirteen
outputs/core priorities for achieving the higher productivity target envisaged
by it (Agricultural land productivity AGDP value US$ 4787/ha). Before
ADS, the plans and programs in agriculture were guided by the Agricultural
Prospective Plan (APP) which ended on 2015.
The vision of ADS is "a self-reliant, sustainable, competitive, and inclusive
agricultural sector that drives economic growth, and contributes to
improved livelihoods and food and nutrition security leading to food
sovereignty."
The ADS activities will have impact on three groups of farmers
(commercial, subsistence and landless). Commercial farmers are directly
affected by most of the ADS measures and in some cases, the impact is
direct and obvious, for example in the case of irrigation, mechanization,
value chain development, and exports.
The role of the private sector is well defined in the Agricultural
Development Strategy (ADS), in which it identifies that the private sector is
the major player to boost agricultural mechanization in the country. In the
output section 2.10 on a range of mechanization options accessible to
farmers through the Private Sector, it is clearly mentioned that: "A
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mechanization strategy focusing on awareness creation, demand
stimulation, a concessionary financing arrangement, technical capacity
building of the dealer network, particularly for the 2-wheel power tillers and
mini-tiller dealers throughout the country and some modifications in
taxation."
This strategy needs a lot of coordination with the private sector equipment
providers and with the commercial banking sector. The approach would be
oriented to: (i) power tillers with multifunctional tilling options in the terai;
(ii) gradual increase in the numbers of mini 2-wheelers (with some optional
attachments) in hilly areas; and (iii) labour saving low energy implements
and mechanized irrigation in the mountains. There are six components to
this strategy:
Components
Information dissemination

Improve customer access to
finance

Capacity building of service
and maintenance providers

ADS Proposal
(a) Conduct social marketing campaigns on a
cost sharing basis with 2-wheel tractor
importers and dealers emphasizing the
advantages of a 2-wheel tractor for the
traditional forms of cultivation, harvesting
etc.
(b) Conduct three separate campaigns; viz., one
each for the mountainous, hilly and terrain
regions, with the aim of creating awareness
to farmers of the potential options and
choices.
Promote commercial banks to finance dealers to
on-lend to their customers under two options: (i).
Extend credit on commercial terms to dealers
(ii). Access cheaper credit from the Rastra
Bank’s “deprived sector” lending program
(cooperatives and micro-finance institutions).
(a) Support dealers to increase the technical
capacity of existing smaller workshops that
are scattered through the countryside, rather
than setting up their own repair workshops.
These workshops could also stock spare
parts and act as small brokers for around 3035 dealers operating in major commercial
centers.
(b) Support dealers to offer technical training for
1,000 farmer/service providers to enable
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Components

Enable the business
environment for leasing
agricultural equipment

Revise regulation and taxes
to support mechanization

Pilot a voucher scheme

ADS Proposal
them to become local experts in the impacts
of mechanization (additional germination
rates, cost saving implications, the advantage
of zero leveling, the impact of seed drills
etc.)
(a) Provide legal clarification (ruling) that the
Banking Institutions Act does not restrict
nonbanking institutions to engage in leasing;
(b) Establish a pledge registry (under the
Secured Transactions Act or under by
amendment to the Contracts Act) to allow
securing the financing for leasing operations
by leasing companies.
(a) Waive the VAT amount and import duty on
spare parts to reduce the proliferation of substandard spare parts brought illegally across
the border and promote business of local
dealers and sub dealers.
(b) Remove the 5-year restriction on change of
ownership of 2-wheel tractors, to encourage
mechanization
(c) Impose full VAT on the purchase of 4wheelers but not on 2-wheelers. Most 4wheel tractors are used exclusively for
commercial transport rather than for
agriculture.
(d) Reduce the road tax for Power Tillers.
Currently, the levy is US$28 for Tractors
and US$22.3 for Power Tillers, which is
clearly a disincentive for a Power Tiller
buyer, if it is to be used solely for
agriculture.
Entail provision of a 30% subsidy on all
attachments for 2-wheelers and 4-wheelers, to
increase the rate of attachment usage (seed drills,
reapers, laser levelers, planters etc.). This would
last just 3 years and be accompanied by the
above mentioned social marketing campaign.
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Agricultural Mechanization Promotion Policy, 2071 (2014)
Apart from ADS, GoN approved and released the Agricultural
Mechanization Promotion Policy, 2071, (AMPP) on 29th August 2014.
The Vision of the AMPP is "contribute to national development through
modernization and commercialization in present agriculture system using
agricultural mechanization."
The Mission is "to contribute to sustainable economic development through
the agricultural mechanization and agribusiness modernization."
The Goal is "to research, develop, adopt, extend, and promote agricultural
machines, implements & equipments to increase agricultural productivity
and make it sustainable and competitive."
It has visualized 4 main Objectives to achieve agricultural mechanization in
the country.
1. To increase productivity through appropriate agricultural mechanization
as per the economic and geographical need of the country in order to
develop the sustainable, competitive and commercial agriculture sector
2. To develop the services and business of agriculture machineries through
the coordination among the government, private sectors and
cooperatives in order to increase the access of the farmers and the
business people.
3. To identification and promotion of women and environment friendly
agriculture machineries.
4. To establish and strengthen the organizational structural to develop,
quality standardization, regulation, monitoring and promotion of
agriculture machineries for agricultural mechanization.
The Agricultural Mechanization Promotion Operational Strategy along with
implementation plan and budget estimate is in final stage of approval at
MoAD for effective implementation of AMPP for the betterment of
traditional agriculture transforming to commercialization.
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Agricultural
(AMP_OS)

Mechanization

Promotion

Operational

Strategy

AMP_OS is the guiding document with implementation plan, costestimation, institutional and regulatory framework that has been formulated
following intensive review of the current practices and status of agricultural
mechanization in the country, best practices and lessons learned from Nepal
and other countries. It has focused on “Sustainable Agricultural
Mechanization for Food Security and Agricultural Commercialization”, the
overall purpose of AMP_OS is to raise the level of mechanization for
increased land and labour productivity by adopting appropriate and
sustainable agricultural mechanization technologies. The strategic
framework for the AMP_OS is comprised of the following four interrelated
elements:
1.
2.
3.
4.

Enhancing demand and use of appropriate agricultural machinery
Improving supply situation giving priority to domestic fabrication
Strengthening innovation system
Providing appropriate policy, institutional and regulatory measures

AMP_OS identified six components comprised of the above four
interrelated elements. Six components of agricultural mechanization
promotion operational strategy are:
Component 1 :
Component 2 :
Component 3 :
Component 4 :
Component 5 :
Component 6 :

Enhance access to and use of agricultural machines and
equipment at farm level
Domestic production and fabrication of feasible
agricultural machines, movable parts and equipment
Innovation in agricultural mechanization
Improvement in business environment for the traders
Repair and maintenance facilities of agricultural
machinery
Policy, Institutional reform and regulatory support

Focused on private sector led agricultural mechanization with optimal
regulation and facilitation from the part of the government, the AMP_OS
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has identified 38 activities and 105 sub-activities within 6 components as
shown below:
Component
Component 1

Key target
groups/ focus
Farmers

Component 2

Fabricators/
Manufacturers

Component 3

National
Agriculture
research and
Extension
system

Component 4

Traders

Emphasis
Information
dissemination, awareness
raising,
training
and
capacity
enhancement,
demonstration, exhibition
and fair
Identification,
development and capacity
enhancement of public,
cooperative and private
enterprises,
partnership
and coalition building
among
education,
research, extension and
business/industry,
financial
and
nonfinancial incentives to
domestic
fabricators/
producers, revitalization
of Agricultural Tools
Factory
Enhancing public sector
research
capacity,
Participatory Technology
development, AM design
& testing, Upgrading
AED/NARC
researchextension linkages
Import
and
trade
facilitation, reforms in tax
and vehicle registration,
monitoring the quality,
standard and market price
enhancing
access
to
credit, after sale support.
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No of
Activities
7

No of subactivities
21

6

26

8

24

5

9

Component
Component 5

Component 6

Key target
groups/ focus
Repair
Mechanics

Service
Providers
Policy Makers

Emphasis
Repair and maintenance,
Produce, train and assist
village
agricultural
mechanics
Workshops
support,
Ensure
availability of spare parts
at fair prices, Ensure
availability of after sale
support from traders and
producers
Reorganization
and
upgrading of DoAEngg,
policy and institutional
interventions to support to
improve
access
of
farmers, fabricators and
traders to credit and spare
parts,
Reforms
in
institutional
and
regulatory
measures
including AM Promotion
Act

No of
Activities
6

No of subactivities
14

6

11

The AMP_OS has set targets for raising the level of agricultural
mechanization over short-term (2 years), medium-term (5 years) and longterm (10 years) targets as shown in Table below:
Indicators and unit
% of agricultural
mechanization

Current status
40%
(Terai-61%,
Mid-hill 15%,
mountains-2%)
0.67

Power use in
KW/Ha
(Mechanical)
Source: AMP_OS study team report

Short-term
(2017-2019)
50

Medium-term
(2019-2022)
60

Long-term
(2022-2027)
70

0.74

0.85

1.19
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Overview of Agricultural Mechanization
In previous days mechanization was not considered as input to enhance
productivity and was not given emphasis in national plan and program.
While formulating National Agriculture Policy 2061 (2004), it was not been
considered necessary with the concept that it will replace human resources.
But at present scenario of youth migration to urban and aboard for better
opportunity, nation compile to consider agricultural mechanization as one
of the input to retain and to attract youth in agriculture. Which was the
pathway to develop AMPP and AMP_OS and include it as one of the 13
core output of ADS.
Agricultural mechanization timeline
It is almost one century that the first single cylinder tractor was imported
and agriculture office was established in the country. Still agriculture and
agricultural mechanization development is in infant stage, due to various
unavoidable circumstances. Various intervention and effort has been done
to adopt available technology at different period of time, which can be
summarized as below:
• 1921-Agriculture office established at Charkhal, Kathmandu.
• 1924-Beginning of modern agricultural mechanization after Mr.
Krishna Bdr. Thapa of Biratnagar 1st. time imported single
cylinder tractor.
• 1953-Establishment of agricultural engineering unit under ministry
of agriculture development. Importation of modern farm
equipments started for government agriculture and livestock farm.
• 1959-Agriculture equipment research unit was established in
Ranighat, Birgunj of Parsa district for research and promotion of
agricultural equipment for terai region- iron-made plough and rice
thresher.
• 1964-Agriculture tool factory (ATF), Birgunj was established by
former USSR- iron-made plough, pedal thresher, corn thresher,
wheel barrow, wheat thresher, pump-set and tractor-trailer.
• 1970-Food technology and quality control department established a
fruit processing pilot plant.
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• 1971-Janakpur agriculture development project (JADP) by Japan
Government (JICA) to promote
deep tube-well irrigation,
power-tiller and modern agriculture equipments.
• 1973-1983-Agriculture development bank (ADB/N) started to
prioritized the loan on tractors and pump-sets.-Livestock
development farm, Pokhara -German technical cooperation agency
(GTZ), use of Forage harvester, incubator, hatcher and equipment
to prepare silage -Jiri farm, Dolakha -Swiss Government , use of
some machineries.
• 1991-Agriculture engineering division (AED),NARC-testing and
developing different agriculture machines and equipment.
• 1996-ATF privatized, now collapsed
• 2004-Directorate of agricultural engineering (DoAEngg) under
DoA has been established- agricultural engineering extension and
training services.
• 2014-Agricultural mechanization promotion policy, 2071approved.
Status of agricultural mechanization
Most of the agricultural operations in the country are labour intensive. As
the productivity of both crop and livestock is low, the return to labour is less
lucrative. The application of machines is limited for selected operations
only.
Animate power is the main source of power in Nepalese agriculture. A
exploratory study carried out as a contribution to ADS formulation and
design, Tomeco and KC (2012) estimated agricultural mechanization rate
something closer to 40% with highest (61%) in Terai, low in hills (15%)
and the lowest (2%) in mountains1. Out of the total 2.65 million hectares of
arable land, only 1.03 million has been mechanized, and that too largely
through 2-wheelers and 4-wheelers based on utilization of tractor power.
The traditional wooden tools and implements have continued to remain in
use in the hills and mountains. There has been some improvement in their
design and performance capabilities over time. Due to the lack of physical
facilities (viz. road networks and electricity) and cultivation in narrow
terraces in hilly areas, hill agriculture is mainly depended upon human and
1

Agricultural Mechanization Promotion Operational Strategy (AMP_OS)
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animal power. Indigenous wooden plough, local hoes, sickle are the major
implements/tools used for agricultural operation. In the valleys near the
road heads it is observed that farmers have started using power tiller for
tillage operation and it is spreading along with the extension of rural road.
Due to increasing cultivation of vegetables near urban and peri-urban areas
hand sprayer are common in practice for plant protection. The paddy sheller
and polisher and mechanical grinding mills are found to be adopted in
majority of villages of terai and hills. However in the mountains, still the
milling is found to be performed in local devices such as mortar & pestle,
quern and traditional water mills.
In terai, agricultural mechanization related tools used are manual tools,
animal drawn implements (ploughs, harrows, and cultivators) and
mechanical power operated machinery. Traditional farm tools and
equipment are still found to be widely used in terai. Spade, hoe, axe, sickle
etc. are major hand tools used. Animal drawn traditional as well as
improved implements are found to be used in agricultural operations in
terai. Traditional wooden plough, iron mould board plough, disc harrow,
wooden plank etc, are major animal drawn implements. More than 51 % of
holding in terai own and use animal drawn iron plough due to increased
field efficiency than traditional plough and easy availability in border
towns. Animal power is also widely used for threshing through tramping
action. Similarly, bullock- carts with traditional type (wooden wheel) as
well as improved type (rubber tyre wheel) are common in terai, as 12 % of
the holdings own bullock cart in terai. Diesel pump-sets are also found to be
commonly used for pumping water in terai. 4-wheel tractor as well 2-wheel
power tiller is increasingly used for tillage (with ploughs, harrows,
cultivators, and rotavators) and transportation. Use of thresher and combine
harvester (rice and wheat) are also increasingly used for harvesting and
threshing operation.
Database in Agricultural Mechanization
As stated above modern agricultural mechanization started in the year 1924,
after importing single cylinder tractor in Nepal. Acquiring data in
agricultural machine types, models, numbers etc. is really difficult to find
from single source, as organization responsible for these matter varies
according to scope of respective organization. But the nation conduct
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National Sample Census of Agriculture in every 10 years by Central Bureau
of Statistics (CBS), National Planning Commission Secretariat which
started from 1961/62, It is considered as one of the largest statistical
operations in Nepal. The Sixth National Census was conducted in 2011/12,
which has included the house hold using agricultural implements and others
machines. Table 4 shows the trend of household using agricultural
machinery/equipments for last 20 years and table 5 shows according to
ecological belt as of 2011/12.
Table 4. Trend of agricultural machinery/equipments used in 20 years
Type of
Equipments

1991/92
Holding
No. of
using
Items
equipment
(‘000)
(‘000)
315.1
354.5
5.6
1.6
50.9
48.2

2001-02
Holding
No. of
using
Items
equipment
(‘000)
(‘000)
870.3
890.2
15.6
11.8
119.7
109.5

Iron Plough
Power Tiller
Shallow
Tube Well
Deep Tube
20.1
15.7
58.6
Well
Power
3.5
3.8
22.7
Pumps
Tractor
35.2
5.5
272.9
Threshers
85.6
19.9
249.5
Pimp Set
81.1
41.3
210.4
Animal
204.6
198.1
226.4
drawn cart
Sprayers
50.2
23.4
203.0
Others
296.5
878.4
449.0
Source: National Sample Census of Agriculture, CBS
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2011-12
Holding
No. of
using
Items
equipment
(‘000)
(‘000)
1073.4
856.3
75.7
10.4
367.7
262.0

51.5

159.7

82.0

21.8

79.1

36.2

150.6
129.1
146.1
199.1

844.7
803.1
548.2
335.0

37.4
51.9
150.3
159.9

145.9
1072.7

574.0
290.1

282.3
83.5

Table 5. Holdings using agricultural implements and others by ecological
belt, 2011/12 (in thousands) and % to totalholding
Agricultural
implements
and other
facilities

Nepal
No. of
%
holding
using
3831
1073
28.9
75.7
2.0

Mountain
No. of
%
holding
using
327.5
0.2
0.06
0.1
0.03

All holdings
Iron ploughs
Power tillers
Shallow
367.7
9.9
0.0
0.00
tube well
Deep tube
159.7
4.3
0.0
0.00
well
Rower pump
79.1
2.1
0.0
0.00
Tractor
844.7
22.7
0.0
0.00
Thresher
803.2
21.6
0.6
0.17
Pumping Set
548.2
14.8
0.2
0.07
Animal
335.0
9.0
0.0
0.00
drawn chart
Sprayer
574.0
15.4
8.7
2.66
Other
290.1
7.8
1.0
0.30
Source: Statistical Pocket Book of Nepal, CBS, 2014

Hill
No. of
holding
using
1729.7
94.2
40.2

%

5.45
2.32

Terai
No. of
%
holding
using
1773.9
979.0
55.19
35.4
2.00

5.9

0.34

361.9

20.40

3.9

0.22

155.8

8.78

1.6
29.3
34.5
25.6

0.09
1.69
1.99
1.48

77.5
815.4
768.1
522.4

4.37
45.97
43.30
29.45

1.8

0.11

333.2

18.78

116.2
37.7

6.72
2.18

449.1
251.4

25.32
14.17

Another source of data for agricultural machines are the number of tractors
and power tiller operating in the country. All vehicles plying in the roads
have to be registered at respective district transport office. Tractors and
power tiller that are using road has to be register accordingly, hence
according to Department of Transport Management, the cumulative number
is 113,481 till 2015/16, but actual numbers of tractor and power tiller
cannot be distinguish as both are in same category of registration and HS
code of trade. The total number may vary as power tiller operating only in
agriculture are not been registered. The trend of registration is as shown in
figure 2. It is in ascending trend as demand of rural transport and
agricultural mechanization is also in increasing trend. The sales of tractor
my decline slightly as GoN has enforced 13% VAT from current fiscal year
2017/18.
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Figure 2. Trend of tractor/power tiller registration
Source: Department of Transport Management (https://www.dotm.gov.np/en/vehicleregistration-record/)

The agricultural machinery such as small tools, ploughs, different
attachments of tractors and power tillers, different threshers, seed grader,
coffee roaster and pulper, processing machines etc. are being locally
manufactured. But the exact data of manufactures, types, models, number
are unavailable at this present condition. Most of the demands of
agricultural machinery are being fulfilled by importing from different
countries. These machineries are subject to 1% customs duty and zero VAT
till 2016/17. The table 6 below shows the import volume in numbers and
value of agricultural related machineries according to HS codes in the year
2016/17.

184

Table 6. Agricultural machineries imported in the year 2016/17
Agricultural Machinery Imported in the F.Y. 2016/17 (2073/74)
HS Code

87011010
87011090
87019000
84321000
84322100
84322900
84323000
84323100
84324000
84328000
84331100
84332000
84333000
84334000
84335100
84335200
84335300
84335900
84336000
84341000
84342000

De scription

Unit

Quantity

Tractor up to 1800 C C
Tractor more than 1800 C C
Other tractors including Power Tiller
Ploughs
Disc harrows
Harrows (excl disc harrows), scarifiers, cltivators,
weeders, hoes including Mini Tiller
Seeders, planters and transplanters
No-till direct seeders, planters and transplanters
Manure spreaders and fertiliser distributors
Soil preparation/cultivation machinery; lawn/sportsground rollers
Mowers, powered, the cutting device rotating in a
horizontal plane
Mowers (including cutter bars for tractor mounting)

PCS
PCS
PCS
PCS
PCS

5,458
293
33,145
18,946
4,595
221,151

Haymaking machinery
Straw or fodder balers (including pick-up balers )
Combine harvester-threshers
Threshing machinery for agricultural produce

PCS
PCS
PCS

Root or tuber harvesting machines
Harvesting machinery
Machines for cleaning, sorting or grading eggs, fruit or
other agricultural produce
Milking machines

PCS
PCS

Dairy machinery

PCS
PCS
PCS
PCS
PCS
PCS
PCS

PCS

PCS
PCS
PCS

2,763
1
64,891
38,068
232
1,129
679
677
1,930
21,933
2,711
17,802
133
1,820
1,358

Machinery for preparing animal feeding stuffs
84361000

PCS
176,638

84362100

Poultry incubators and brooders

PCS

844,222

Poultry-keeping machinery
84362900

PCS
654,243
Agricultural forestry or bee-keeping machinery

84368000

PCS
57,313

84371000

Machines for cleaning/sorting/grading seed grain or dried
vegetables
Machinery for milling or working cereals, dried vegetables

84378000

PCS

10,666

PCS
10,752

84385000
84386000
84388010

Machinery for the preparation of meat or poultry
Machinery for the preparation of fruits, nuts or vegetable
Machinery for tea shorting, CTC, tea formeting, tea drier

PCS
PCS
PCS

1,616
635
548

Value in
NPR '000

Source Country

489,224
258,052
10,703,916
20,386
35,125
1,070,647

India, China
India, China
India, China
India, China
India, UK
India, China, Indonesia

20,042 India, China
61 China
3,923 India, China
India, China
143,689
India, China
2,401
India, China, Australia
26,899
18,322 India, China
9,095 India, China
353,761 India, China, Japan
India, China,New
654,189 Zealand,Turkey
23,855 India, China
58,737 India, China, Japan
India, China
20,318
India, China,
15,781 Netherlands,Turkey
India, China, Turkey,
183,192 Bulgaria, France
India, China,
Netherlands, Germany,
697,678 Republic of Korea
India, China, UK,
219,934 Malaysia
India, China, European
Union, Germany, Israel,
393,445 Malaysia, Namibia
India, China, Austria,
Ireland, Malaysia,
32,728 United States
India, China, Germany,
508,893 Republic of Korea
India, China,
Bangladesh, Indonesia,
Thailand, Turkey,
729,009 United States
India, China, Germany,
34,441 Canada, Spain
India, China, European
35,813 Union
India, China, Germany,
189,987 Japan, Sir Lanka, Taiwan

Source: website of Department of Customs (http://www.customs.gov.np/en/newdata.html)

Nepal being member country and involved in the activities defined for
agricultural mechanization of the Centre for Sustainable Agricultural
Mechanization (CSAM) of the United Nations Economic and Social
Commission for Asia and the Pacific (UNESCAP), based in Beijing, China.
One of the activities of CSAM is to generate database in the region and has
initiated regional database on agricultural mechanization in Asia and the
Pacific on March 29, 2016. The proposed database aims to enhance the
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effectiveness of regional, as well as complementing and strengthening
existing national databases, it will assist member country to identify the
level of agricultural mechanization and to facilitate technology innovation
and trade of agricultural machinery by improving the quality and quantity of
comparable, timely and reliable data. Directorate of Agricultural
Engineering (DoAEngg) is working as focal institute for Nepal, the
common indicators for database has already been finalized by the
representatives of Technical Working Group (TWG) member of respective
country and questionnaire on status and trends in member country in
relation to proposed indicators has been circulated, the resourceful database
information is excepted to be generated by this initiative.
Access to Agricultural Mechanization and Services
Traditional agriculture practices of bartering work during major agricultural
operations do not exist at present. Since last few decade agriculture scenario
has changed, land are left fallow, even cultivated it is difficult to find
agriculture labour as per need, hence untimely planting or harvesting is
done which result uneconomic return. Traditional agriculture operation
cannot retain youth in agriculture and it is uneconomic, hence migrate to
urban/aboard for non agriculture employment. The acute labour shortage
has created an increasing demand of mechanization and means to attract
youth back to agriculture. Young generation love to drive tractor, operate
machine, use drone etc. Now the policy maker, bureaucrat, planner from
Government, NGO, INGO, donor agency, development organization has
realized the importance of agricultural mechanization and has inbuilt the
related activities to attract, retain and return youth in agriculture.
Organization working for Agricultural Mechanization
Organization that has programs and activities in agricultural mechanization
and services are as follows:
Government Project
There are numerous agricultural project under implementation in the
country which has activities related to mechanization providing access and
services. Some of them are as below:
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Project for Agriculture Commercialization and Trade (PACT)
High Value Agriculture Project (HVAP)
Kishankolagi Unnat Biu-Bijan Karyakaram (KUBK-ISFP)
Agriculture and Food Security Project (AFSP)
Agricultural Development Project, Janakpur (ADP,J)
Irrigation and Water Resources Management Project (IWRMP)
Raising Incomes of Small and Medium Farmers Project (RISMFP)
Community
Managed
Irrigated
Agriculture
Sector
Project (CMIASP)
 High Mountain Agri-business and Livelihood Improvement
(HIMALI) Project
 Earth Quake Rehabilitation Program
 Prime Minister Agricultural Modernization Project (PMAMP)
NGO/INGO/Development Organization
There are numerous development organizations working in agriculture in
the country which has activities related to mechanization providing access
and services. Some of them are as below:
 International Center for Integrated Mountain Development
(ICIMOD)
 CIMMYT Cereal System Initiative for South Asia in Nepal
(CSISA-NP)
 Policy Reform Initiative Project (PRIP):International Food
Policy Research Institute (IFPRI)/USAID
 iDE-Nepal
 Renewable World
 SAMARTH
 IRRI
 Winrock
 Practical Action
 SNV Nepal
 CEAPRED
 LI-BIRD
 Private Sector
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Educational Institutes
Purbanchal Campus at Dharan is the only one education service institute
under Institute of Engineering (IOE) of Tribhuwan University, which
graduates 48 Agricultural Engineer each year. Till date around 400
undergraduate agricultural engineers graduated and there is no masters
degree till date. There is no institute that educate mid level technician in
agricultural engineering. None of other university or institute educate
agricultural engineering. Even though the current scenario demand
agricultural mechanization service there is lack of skilled agricultural
mechanization human resources in the country.
Research Organization
After the establishment of Nepal Agricultural Research Council (NARC) in
2048 BS (1991 AD) Agricultural Engineering Division (AED) was
mandated to develop appropriate technology in agricultural engineering for
various agro-ecological zone of the country. AED continuously works for
the promotion of agricultural mechanization with programs in their annual
and periodic plans. AED has tested, developed, and recommended
technologies like zero tillage, improved iron plough, direct seeded rice, rice
weeder, pedal paddy thresher, pedal rice-wheat thresher, corn sheller, coffee
pulper, low cost solar dryer, cardamom dryer, low cost poly-house, ginger
washing machine, seed drill, jabs planter, millet thresher, testing of
matching equipment for 2-wheeler tractor, low cost drip irrigations,
fertigation system. It has also successfully introduced rice mechanical
transplanting technology, sugarcane planter, potato planter & digger,
milking machines, fish pond aerator, mini tillers, and 2-wheel tractors. AED
also provide training service to local manufacture for such developed
machineries and sign the contract for manufacturing in commercial scale
and take the royalty against its sales.
Nepal does not have testing center for agricultural machineries. AED has
mandate of testing machine, USAID- INDIA through CSISA-up scaling
project has supported for facility development of Testing Center for AED.
NARC has agreed to provide required land area at Oil Seed Research
Station, Nawalpur for establishment of the centre. Work has already been
started with purchase of some necessary equipments and accessories for
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testing facility. With this facility the importers, manufactures of machine
will get the service of testing their product in the country and get test
certificate, which ensure the quality of the machine. AED is focal institute
for Asian and Pacific Network for Testing of Agricultural Machinery
(ANTAM) of CSAM, which is an open regional network composed of
national testing stations of agricultural machinery of participating countries,
research institutes, associations and farmers organizations across the AsiaPacific region.
Extension Organization
Directorate of Agricultural Engineering (DoAEngg) under Department of
Agriculture (DoA) of Ministry of Agricultural Development (MoAD) has
been established in the year 2004. It's only one organization mandated for
extension of agricultural engineering technology which includes short term
training, demonstration of agricultural machineries, resource center
development, develop custom hiring centers, post harvest centers, interest
subsidy, subsidize machineries and so on.
a. Human resource development for agricultural engineer/technician
working under DoA:
 Fiscal Year (FY) 2008/09 Refresher Training on Agricultural
Engineering for 10 days to 20 agricultural engineers and subengineers.
 FY 2009/10 Training on Gravity Goods Rope Way for 7 days to 20
agricultural engineers and sub-engineers in association with
Practical Action Nepal.
 FY 2010/11 Training on Procurement Including e-Bidding for 7
days to 27 agricultural engineers, sub-engineers and support staffs.
 FY 2011/12 Training on Passive & Mechanical Cold Storage for 7
days to 28 agricultural engineers, sub-engineers and support staffs.
 FY 2012/13 Training on Power Tiller Operation and General
Maintenance for 7 days to 28 junior agriculture technician working
under DoA.
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b. Training Seed Producer Entrepreneur:
In FY 2008/09 the training on Community Post Harvest Storage Processing
Technology had been conducted for 45 seed producer representatives of
farmers groups, cooperatives and private entrepreneurs to establish
community post harvest service center working in seed production business.
Till date 12 such center has been established.
c. Agricultural Mechanization Program for Rural Livelihood:
 Basic Training for Black Smiths: Black smiths are the back bone of
rural farmers to develop, repair and maintenance of their hand
tools, hence DoAEngg has felt the need to upgrade black smith skill
and started conducting short term training of 7 days from its
establishment period FY 2004/05. Till date 250 had been trained.
Training are conducted in association with AED and private
manufacture.
 Special Training for Black Smiths: Basic trained black smiths who
are keen in their work are selected for special training of 7 days.
Till date 60 had been trained to fabricate hand corn sheller, mould
board plough, harvesting screeted sickle, pedel paddy thresher,
water can, biomass stove, jab seeder etc. Training are conducted in
association with AED and private manufacture.
 Resource Center for Black Smiths: In early years basically trained
and in recent years specially trained blacksmiths are been supported
by financing tools and machines like welding m/c, grinder, drill
m/c, hand tools etc, with cost sharing of around US$ 800 from
DoAEngg and around US$100 from the legally registered trained
black smith. Till date 29 resource center has been established.
 Basic Training for Power Tiller Operator: Operation, Repair and
Maintenance of power tiller/mini tiller for farmers. Farmers having
power tiller or willing to purchase has been trained for 7 days to
operate and general maintenance with its attachments. Till date 260
had been trained. Training are conducted in association with AED
and private entrepreneur.
 Special Training for Power Tiller Repair and Maintenance:
Farmers having basic training and keen in their work has been
trained for 7 days to overhaul the engine, transmission system, fuel
system etc. Till date 60 had been trained.
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 Resource Center for Power Tiller Repair and Maintenance: In
early years basically trained and in recent years specially trained
farmers are been supported financing tools and machines like
welding m/c, grinder, drill m/c, hand tools etc with cost sharing of
around $900 from DoAEngg and around $100 from the legally
registered trained power tiller operator. Till date 20 resource center
has been established.
d. Demonstration and Exhibitions:
 Minimum Tillage Technology: Starting from FY 2005/06 minimum
tillage technology with seed/seed cum fertilizer drill driven by
power tiller has been demonstrated in farmers field in wheat and
later on direct seeded rice with side by side traditional methods of
cultivation. This showed comparative advantage of agricultural
mechanization. Till date 26 demonstration has been conducted in
different district. The crop has been monitor throughout the
cropping season. Farmers field days are conducted 3 times in the
cropping season. The impact of this kind of demonstration has
encouraged farmers to adopt the technology and purchase the
machines.
 Harvesting Technology: Power tiller attached reaper, self propelled
mini reaper and mini combine harvester are been demonstrated at
the area where minimum tillage technology had been demonstrated
and to some other areas for harvesting wheat and rice. The
demonstration has encouraged farmers to use and purchase such
machine for harvesting. Till date demonstration has been conducted
for more than 50 locations.
 Mini Tiller Technology: Mini tiller for land preparation has been
demonstrated in the area where there is narrow terrace land of midhill and high hill. It has encouraged farmers to use mini tiller and
purchase rather than using bullocks driven traditional or improved
plough for land preparation. Till date demonstration has been
conducted for more than 50 locations.
 Mobile Demonstration: Audio visual equipped pickup jeeps loaded
with seasonal machines are been taken to the village. The video
related to the machine will be screen during evening time in the
open air and the next day field operation of the machine has been
carried out. This type of activate has made farmers and rural youth
aware and encourage them to return and retain in agriculture. Till
date demonstration has been conducted for more than 30 location.
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e. Agricultural Mechanization Exhibition:
First National Agricultural Mechanization Exhition-2014 was organized in
joined cooperation with AED, Agro Enterprise Center (AEC) of Federation
of Nepalese Chamber of Commerce and Industries (FNCCI) at the terai plan
of Narayanghat, Chitwan district on February 21-24, 2014. Out of 75
districts, 52 districts farmers, groups, cooperatives including policy maker,
educationist, researchers, students, NGO/INGO, entrepreneurs etc. visited
the exhibitions. Around 25 thousand visited the exhibition. There were 72
exhibitors, exhibiting more than 500 agri. machineries, tools, equipments
etc from 16 countries. Total translation was NRs. 25 millions. Till that
period there was no professional organization working in agricultural
machineries manufacture, trader, dealers etc. hence ad hoc committee was
form to process the registration. Finally, Nepal Agricultural Machinery
Entrepreneurs Association (NAMEA) has been registered and functioning
at present. The commitment was made to organize this sort of exhibition in
every two years in different location of the country.
As per the commitment Second National Agricultural Mechanization
Exhibition-2016 was organized in cooperation with DoAEngg and NAMEA
at Kohalpur, Banke district on March 6-10, 2016. 30 thousand visitor from
40 districts farmers, group, cooperative, policy maker, educationist,
researchers, students, NGO/INGO entrepreneurs etc. visited the exhibitions.
There were 100 exhibitors, exhibiting more than 1000 agri. machineries,
tools, equipments etc from 12 countries. Total translation was NRs. 35
millions. Similarly Third National Agricultural Mechanization Exhibition2018 will be organized from February 22-25, 2018 in the eastern part of
Nepal, venue yet to be decided.
First International Agricultural Mechanization Exhition-2017 Nepal
AgriTech 2017was organized at Bhrikuti Mandab, Kathmandu in
association with NAMEA and M&S Solution Pvt. Ltd supported by
DoAEngg on February 17-19, 2017. 50 thousand visitor from 50 districts
farmers, group, cooperative, policy maker, educationist, researchers,
students, NGO/INGO, entrepreneurs, diplomats etc, visited the exhibition.
200 Plus exhibitors, exhibiting more than 10,000 agri. machineries, tools,
equipments etc, from 12 countries. Total turnover was more NRs. 50
millions.
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f. Custom Hiring Center:
As usual custom hiring of agricultural machineries are informal business
between farmers to farmers. Model formal custom hiring center with the
name "Community Agricultural Machinery and Implement Service Center
for Custom Hiring" has been initiated in 4 locations of terai districts since
last 4 years. Due to budgetary constrain infrastructure construction like
shed, workshop, training hall with agricultural machines are been provided
in cost sharing basic. It is expected to complete within next 2 years. New
concept of custom hiring center with locking period of 4 years for
individual farmers financing by bank 50% and 50% by the government has
been initiated and guideline named "Custom Hiring Service Centre
Guideline 2017" has been developed and submitted to MoAD for final
approval.
A brief survey was conducted to find out the rental rate of some popular
machinery for custom hiring of terai region and summarized according to
development region as shown in table 7 below.
Table 7. Custom hiring charges of some agricultural operations
Custom Hiring
Service
Tractor with cultivator
(Rs/hour)
Tractor with rotavator
(Rs/hour)
Power Tiller
(Rs/hour)
Animal drawn Plough
(Rs/hour)
Sprayer (Rs/day)
Pumpset (Rs/hour)
Combine harvest
(Rs/hour)

Eastern

Central

Western

1200-1500

500-600

12001500
15002000
500-600

450-1000
25-100
300-400
5000

1600-2000

1200

Mid
Wesern
100-1200

Far
Western
1100-1500

2000

1400-2000

-

600

300-500

400-600

1000

1000

700-1000

1300

80-100
250-350
5000

35-40
300-500
48005000

80-100
250-400
-

15-50
250-350
4500

g. Establishment of Community Post Harvest Service Center (CPHSC)
Eight CPHSC in terai and 1 in mid hill have been established on cost
sharing basic. Infrastructure such as seed storage, threshing floor, drying
yard, transit shed, training hall etc. and machinery required for seed
processing such as seed grader, cleaner, treater, weighting, packaging etc.
are in operation. 3 similar CPHSC were developed in interest subsidy
through bank finance.
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h. Interest Subsidy:





To establish Community Post Harvest Service Center (CPHSC).
To purchase agricultural machinery for CPHSC.
To establish large capacity cold storage.
Small machinery financed by micro finance, saving and credit
cooperative.

i. Focus Program to Subsidies Agricultural Machineries:
Subsidy in agricultural machineries has been started since last 4 years in
demand basic of the farmers. Short listed agricultural machineries
manufacture, suppliers, dealers are been distributed to all 75 district
agriculture development office (DADO). Farmers/farmers groups/
agriculture cooperative from 29 districts out of 75 had chosen 448 power
tillers, 236 mini tillers and 344 attachments from the short listed machines
in the FY 2013/14. First year 50 % subsidy was provided for machine that
will operate for more than 6 months, 75% subsidy that operate seasonal.
Second year FY 2014/15 subsidy %age had been changed as per
geographical regions: 25% terai, 30% mid hill, 35% for high hill.
Farmers/farmers groups/ agriculture cooperative from 35 districts out of 75
chosen 1299 power tillers, 1008 mini tillers and 1288 attachments from the
short listed machines. Third year FY 2015/16 50 % subsidy in specialized
machine for 13 Rice mission, 20 Fish mission districts and 24 Earth Quake
highly affected districts are eligible for the program. Farmers had chosen
453 PT, 514 MT, 610 attachments, aerators, feed machines etc. Fourth FY
2016/17 data is yet to be finalized.
j. Community Seed Bank:
After the devastating earthquake on 25 April, 2015 of 7.8 magnitudes there
was massive damage of seed and grain kept at individual farmers home in
the affected districts. Hence, government has decided to construct
community seed banks for safe storage in these districts, which is been
managed by DoAEngg. The farmers group and cooperatives have to
contribute 10 % of construction cost and 50 % for seed grading machine.
k. Training Center
USAID-INDIA through CSISA-up scaling has supported for facility
development with necessary training materials like cutaway section of
power tiller, mini tiller, workshop tools and machine for Training Center to
be establish for DoAEngg. The location will be finalized in near future
since GoN have to provide required land for facility development.
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Professional Organization
Nepal Agricultural Machinery Entrepreneurs Association (NAMEA)
members conduct demonstration and on the spot training for farmers,
mechanics. Demonstrations are done individually or with the collaboration
with development organizations, DoAEngg to expand their business and
gain reliability to their customers. NAMEA member has realized that the
service center and dealership network are other key factors, hence in recent
days the expansion of it are considerable and had reached remote areas of
the country. Still it is not adequate and it is been realized, there is positive
sign of expansion. There is a mandatory clause in the agreement for subsidy
that the suppliers have to train the end users after delivery of the machine,
hence they conduct group training on operation and regular maintenance.
Gender and Small Holder Farmers
The third objective of approved Agricultural Mechanization Promotional
Policy is "To identification and promotion of women and environment
friendly agriculture machineries." With this set objective most of the
program related to agriculture mechanization has given emphasis for gender
friendly and small holder farmers. The subsidy program of DoAEngg has
identified small machine as mini tiller and its attachments, electrical corn
sheller etc. which are women friendly. These are easily operated by them.
For example the figure 3 show gender wise farm labour involvement in
agricultural in terai, studied by AED, show that female work force is the
backbone of Nepalese agriculture. Majority of operation like planting,
sowing, weeding, harvesting are done by female. In recent days there are so
many technology that are women friendly, ergonomically designed for
them.
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Figure 3. Gender-wise farm labour involvement in agricultural operation in
terai (Source: Presentation of Er. Shreemat Shrestha, AED)
Nowadays machine like rice transplanter is getting popular. The female
farmers group has been encouraged for seedling preparation and using of
rice transplanter is an excellent example of gender friendly agricultural
mechanization in the eastern terai of Nepal initiated by Nepal Krishi
Company via Corporate Social Responsibility of leading airline company
Buddha Air. Weeding is time consuming job that male labour are not
interested and it is been left out for female, this tedious work responsibility
of female has been made ease by manual weeder, mechanical weeder.
Likewise harvesting by reaper or combine, threshing by threshers has
drastically reduce the female workload in Nepalese agriculture. It is been
reported that at present almost 95% of wheat threshing is done by
mechanical threshing, this has to be verified. As mentioned earlier the
average land holding is 0.68 ha, hence the government has given emphasis
to support small holder farmers by giving priority to machine like mini
tiller, corn sheller etc in subsidy program in machineries. The subsidy %age
and support is more for small farmers that are united together in cluster,
community, group farming promoting commercial faming.
Development organization like Samarth-Nepal Market Development
Programme (NMDP) aimed for rural market development program to
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reduce poverty in Nepal, by increasing incomes of smallholder farmers and
small-scale entrepreneurs. It's one of the component was agriculture
mechanization in mid-hills, where they stimulate private sector investment
with the aim of improving competitiveness and ultimately providing
enhanced benefits to smallholder farmers and small scale entrepreneurs.
Samarth associated with F-skill training consultant with private
entrepreneurs, like BTL Trade Pvt. Ltd had conducted number of training
and demonstrations in different mid-hill districts in operation and
maintenance of small machine and small business management. The current
scenario of availability of repair and maintenance services, after sales
service, spare parts availability in the remote area is difficult and
challenging. To address these issues DoAEngg, Samarth-NMDP and
principle supplier of machine with cost sharing partnership had conducted
repair and maintenance training for motorcycle/pump set mechanics of mini
tiller and power tiller of mid-hill districts.
Another program like feed the future(FtF) implemented by international
maize and wheat improvement centre (CIMMYT Intl) under cereal system
initiative for south asia in nepal (CSISA-NP) of USAID are working in Mid
and far west region of nepal for small holder farmer for income generation
through agriculture, conservation agriculture and agricultural
mechanization. Their mandate for agricultural mechanization is to
demonstrate and training in agricultural machines. After the devastating 25
April, 2015 earthquake of 7.8 magnitude and major aftershock on 12 May,
2015 of 7.3 magnitude in the country, financial support from USAID-Nepal,
CIMMYT/CSISA provided medium-term recovery to eight affected
districts with grain storage materials and agricultural machines such as 400
mini tillers and attachments in 90% subsidy for individual farmers and 95%
subsidy for farmers group/cooperatives. The recovery program includes
training package for basic operations. Train mechanics in local level for
repair and maintenance with collaboration with DoAEngg and AED. A brief
operation manual of mini tiller for farmers was publication to distribute
during handover of machine and training. These are few examples of gender
friendly and support to small holder farmers through agricultural
mechanization.
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Challenges and Opportunities
Challenges creates opportunities, there are numerous challenges and issues,
which depend upon actors and stakeholders at different levels. It includes
the end-users of agricultural machines and equipment (farmers),
entrepreneurs (fabricators and traders) and service providers (research and
extension).
a. Challenges and issues depending upon different actors and stakeholders:
i. Farmers (End users)
- Lack of adequate knowledge, access and awareness on agricultural
machineries (types, prices, use, quality)
- Inadequate knowledge for selecting appropriate agricultural
machineries for small and fragmented land holdings
- Lack of access on the land possession of real farmers and the
subsistence level of farming
- Diverse farming system and lack of unified production system
- Not receiving services from qualified and competent technicians at
DADO and District Livestock Service Office (DLSO). (as there are no
Agricultural Engineer at these office.)
- Lack of credit services from Bank and Financial Institute (BFI), even if
it is available requires double collateral (land and machines both)
- High interest rate on credit
- Weak/none repair and maintenance services including after sale
services from traders particularly for power tillers and Mini tillers in
remote areas
- Cost of spare parts are very high and unaffordable while the market
price of machines are relatively cheap, uncontrolled prices and often
not available when needed
- Limited access to government subsidy and not available when required
- Quality assurance system/regulation for agricultural machines not
available
- Machines (Mini tillers, Power tillers, Tractors, Threshers, Combine
Harvesters ) available on hire but number limited and fees are high
- Power tiller's key function is undermined as a power source for
different types of agricultural operation. It is dealt like vehicle for
hauling goods and the annual tax is high as 4 wheel tractor
- Irregular and unstable supply of fuel (diesel and petrol)
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ii. Producers/Fabricators
- Weak
on
5
Ms
(Manpower,
Money,
Machines,
Management/entrepreneurship, Raw Materials)
- Market price of finished products (imported) is low compared to incountry production due to high custom charge and VAT on raw
materials, excise duty and spare parts
- Scale of production is too small to compete with imported products
- Machine manufacturing machinery are outdated, generally manual and
time consuming, therefore look/appearance are not attractive and
smooth compared to imported products
- Limited inputs from research and extension
- Limited access to credit from BFI's
- Production/market dependent on demand from DADOs and DLSOs
- Uncertain sale/market
- Lack of quality assurance system for agricultural machines, equipment
and tools including technical and safety standards
- Limited distribution network
iii. Traders (Importers, Distributors, Wholesalers)
-

Market competition is high due to import of sub-standard machines. No
quality control mechanisms.
Limited access to credit from BFIs
Sale of machines are uncertainties, since farmers are generally waiting
GoN’s subsidies over the last 4 years
No timely payment from the concerned agencies on the sale of
subsidized machines
Limited research support/inputs
Providing repair and maintenance services and after sale services on
time.
Assurance of quality, warrantee including technical and safety
standards of the machine imported/sold
Custom (15%) and VAT (13%) are the reason for expensive spare
parts
Custom rebate facilities not available for all machines
Custom clearance are time taking/delayed due to confusions in HS
code for several machines
Power tillers considered as being used for hauling purpose not only
agriculture, treated as transport vehicle, therefore renewal and
ownership transfer are costly
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-

Lack of skilled manpower and mechanics for operation, repair and
maintenance

iv. Research
-

-

Lack of appropriate research environment, it is due to limited number
of qualified scientists, finance/research fund and physical facilities
Agricultural mechanization are in low priority within the national
agricultural research system
Inadequate
manufacturing
facilities
for
commercial
production/fabrication in private sector for the machines designed,
successfully tested and validated by AED
Lack of capacity (human resources, budget and institutional) to extend
machines designed and tested by NARC
No availability of completely mechanized agricultural/livestock
research stations
Latest modern agricultural machines are not available at the research
stations

v. Education
-

Workshop facilities with very old machinery and lack of practical
experience on latest modern machinery and equipment
Limited number of faculties (lecturers and teaching assistants)
Specialized study or graduate course in agricultural mechanization
seems dim at this stage
Workshop and lab facilities are very poor and not conducive to good
teaching-learning environment
Present curriculum needed to revisit and update as needed
No mid-level manpower production in agricultural engineering like in
other faculty civil, electrical, mechanical
Limited linkage and coordination with research and extension
organization
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vi. Extension (Public sector)
-

-

Lack of appropriate working environment and technical backstopping
due to limited number of qualified technical/professionals at the
DoAEngg of DoA and no similar office at the Department of Livestock
Services
Agricultural mechanization low priority within the national agricultural
extension system
Lack of agricultural engineering background extension workers at
grassroots office level to support agricultural mechanization
Fund for subsidies/grant in machineries are limited against high
demand
Capacity to deliver agricultural mechanization related services are low
Limited linkage and coordination with research and education
organization

vii. Others
-

Difficulty due to geographical setting of the country i.e. rugged terrain
Availability of energy
Lack of infrastructure development in the rural area
Lack of training institute/vocational colleague by the private sector
Youth migration to urban and aboard leaving old age and women for
agriculture
Credit facility and interest rates from financial institutions to attract
youth
Indigenous skill and technology provided by blacksmiths is at the verge
of extinction from the community
Lack of appropriate training in custom hiring of farm machinery
(tractor, power tiller, combine harvesters, thresher, sprayer etc.)
Lack of industries manufacturing machines and equipment
Imported equipment and tools are cheaper comparing to the machines
and equipment manufactured in the country
Lack of awareness of Climate-Smart Technology and related
mechanization
Low investment from public and private sector for Climate Smart
Agriculture and sustainable agricultural mechanization

As mentioned above there are lots of opportunities for sustainable
agricultural mechanization in the country. To overcome the challenges in
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different level of actors and stakeholders, some opportunities can be
summarized as below:
-

To implement effective extension program such as demonstration, on
the spot operation training of machines
Prepare awareness materials such as posters, pamphlets etc on types,
uses, quality, safety
Priority to be give for collective and consolidate farming
Opening of DoAEngg in all 7 province and qualified and competent
technicians at lower level at local government.
Instruct BFI's to finance importer, manufacture and provide loan
against machine collateral with low interest rate
Encourage to expand dealership network for after sale, repair and
maintenance services
Increase budget allocation for government subsidy program to meet
demand with wider circulation
Registration of power tiller working in agriculture should not be
mandatory
Capacity building of importers, distributors, wholesalers, producers and
fabricators
VAT return mechanism on raw materials used for manufacturing
agricultural machines
Manufacturing authorization license for qualified manufacture for
tested and proven machines from research
To reduce the cost of expensive spare parts waive out custom, duties
and VAT
Custom rebate to all machines to reduce the cost of the machines
Establish well equipped training and testing center for quality
assurance
Establish more academic and vocational institute to produce
technicians.
Priority in national agricultural research and extension system
Establish agricultural/livestock research farm with modern agricultural
machines
Refresher training, training of trainers in country and aboard for the
machineries presently used in the country
To update the present curriculum and run specialized/graduate courses
Create sufficient job for effective mechanization
Establish local manufacturing/assembling unites to reduce the costs and
import of agricultural machineries from aboard
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-

-

Identify appropriate machines suitable for rugged terrain of the country
Establish custom hiring service with locking period for entrepreneurs
and cooperatives
Train pump sets and motorcycle mechanics to repair and maintenance
of small machine to serve in local level and establish resource center in
village level
Train black smith to handle workshop tools and establish resource
center in village level
Attract young generation return to agriculture as prestigious occupation
and stop migration to urban, abroad and non-agricultural sectors
Develop agriculture as other industry
Train rural women with appropriate drudgery less women friendly
agriculture machines.
To develop required strategy, directive, guidelines etc.
Aware and promotion of climate-smart technology and related
mechanization
Establish linkage and coordination with research, extension and
education organization

Conclusions
Nepal is strategically located between India and China, two of the largest
economies in the world. In 2015, the country adopted a new constitution
that embraces multiparty democracy, federalism and private sector-led
liberal economics. Nepal is classified as a ‘least developed country’ (LDC)
by the United Nations. Its goal is to graduate from this status by 2022 and
transit to a middle-income country by 2030. To achieve these targets, an
economic growth rate of 7–8% and investment in infrastructure of USD 13–
18 billion by 2020 will be required. The Ease of Doing Business Index 2017
by the International Finance Corporation (IFC), World Bank Group lists
Nepal second only after Bhutan among all South Asian countries.
Modernizing the agricultural sector will require a significant amount of
investment. In order to facilitate credit flows to agricultural activities, the
NRB has issued a directive to commercial banks to provide 20% of loans to
productive sectors, including agriculture. According to the Agriculture
Census, 22% of farmers reported taking credits and 42% of farmers
reported the need for even more. As of 2014/15 total credit in agriculture is
NPR 60.179 billion (i.e. US$ 583 million).
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However, pace of agriculture commercialization has been slow and it has
not been an attractive occupation for youths. Many of them feel agriculture
is neither prestigious nor a profitable business that can provide full
employment to them. Consequently, out-migration of rural youths in urban
centers and abroad is in increasing trend. Out migration of youth has
resulted in aging and feminization in agriculture. The high cost of
mechanization and the difficulty in accessing or utilizing machines in most
parts of Nepal is constrained. Further land fragmentation, difficult terrain
and remoteness among others limit expansion of mechanization.
The average land holding per family across Nepal is found to be less than
0.68 hectare. Because of small land size, unavailability of the other
employment opportunities in the country, majority of farmers in the country
are compelled to adopt subsistence agriculture. Due to low investment
capacity and lack of infrastructure and market opportunities majority of
farmers are adopting traditional technology in their production system.
Hence, agriculture has become job of old people and that of women farmers
in the villages. In this context there is urgent need of appropriate
agricultural mechanization in Nepal.
Agricultural mechanization is part of a complex system of agriculture
development as a whole. Besides agronomic, technical and social aspects
there is also an important role played by institutional aspects such as
agricultural education, extension and research and their capacity in
execution of the quality standard.
Basic issue at present is poor access to right kind of agricultural machinery
for modern agriculture. These are all most imported and are not geared to
the real needs of farmers. Its affordability and suitability is beyond the reach
of small farmers and also there is no after sale service facility available in
local rural areas. Same applies with spares parts services. Inadequate
financial and human resources allocation in the public sector is another
hurdle on the road to mechanization. Tax for imported equipments and for
raw material is different discouraging for the establishment of local
manufacturing units. The existing institutions lack authority and resource to
provide services to the farmers on quality assurance of the equipments.
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Recommendations
Apart from all these hindrance for agriculture development, agricultural
mechanization as one of the input for production till processing plays a vital
role in national economic.
National perspectives
-

-

-

-

-

Custom Hiring Services might be one of the key approach for the
promotion of agricultural mechanization in Nepal to ease small holder
farmers and attract young generation in agriculture. The successful
models with government support and locking period experience of
Madhya Pradesh, India with bank financing might work better. The
appropriate model should be selected that suit the Nepalese condition.
The subsidy grants should never be given directly to the beneficiaries.
There should be subsidy on the interest of loan taken from bank.
Beside good policy and strategy, implementing agencies should give
priority to Climate Smart Agriculture technologies and sustainable
agricultural mechanization.
Country has conducive policy environment to address problems &
issues related to agriculture, climate change, agricultural mechanization
and government has put thrust by taking several policy initiatives as
including in ADS.
Adopt suitable technology from other country and do adoptive research
based in local condition.
Advocate planners and policy makers on importance of agricultural
mechanization and aware then as it is one of the input for agriculture
development.
Encourage local manufactures.
Establish training and testing center in all 7 provinces.
Establish DoAEngg in all 7 provinces.

Regional perspectives
-

Developed countries support undeveloped/developing countries for
agricultural mechanization through exchange program.
Capacity enhancement to existing human resources working in
agricultural mechanization through trainings/visits/traveling seminars.
Exchange of new prototypes/innovations on agricultural mechanization
among the member countries of SAARC.
Coordination among the organization/institute involve in agricultural
mechanization of SAARC.
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-

Generate database in agriculture mechanization and establish databank
in SAARC.
Professional organization of the region meets frequently for
cooperation.
Linking CSAM and SAC in agricultural mechanization activities.

The country is in the transition phase for fully implementation of federal
system, hence it is a challenging task to achieve a goal of economic
development, to graduate the country at the middle income status by 2030
and achieve the sustainable development goals through high, sustained and
broad-based inclusive growth by ending poverty, inequality, unemployment
and dependency.
As described earlier, Nepalese economic is an agrarian based economy,
contributing 29.37% of national GDP with 66% of total employment in this
sector. Yet agriculture production is not self-sufficient and the country’s
food sufficiency is supplemented by its imports. Average growth rate of
agriculture is only 2.9% and the productivity of major food, cash crops are
relatively low as mentioned in table 2 and 3. There are numerous policies,
strategies, plans and programs in different economic sectors including
agriculture. Even though agriculture machineries are import based as
mentioned in table 6, Government of Nepal have given high priority for
agricultural mechanization in recent years. Subsidy up to 50% for the
purchase of agricultural machineries to individual farmers, groups and
cooperatives has been initiated from last few years. This has encouraged the
younger generation to continue in agriculture.
The Prime Minister’s Agriculture Modernization Project (PMAMP) is one
of the most ambitious programs for the next 10 years, funded by the
government, bringing the entire stakeholders together, with a vision to
increase productivity, employment generation, and self-sufficiency in
production of major commodities in Nepalese agriculture. The project has
given high priority for establishment of custom hiring center to increase
access of small and marginal farmers for mechanized farming and to attract
youth in agriculture.
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Introduction
The Islamic Republic of Pakistan is an ancient civilization, although its
political boundaries were drawn only seventy years ago, when it gained
independence on 14 August 1947. Initially comprising East and West
Pakistan, separated by 1770 kilometers of India, its present territory since
December 1971 is confined to the former West Wing, which has a total area
of 79.61 million hectares. It mainly comprises of four provinces i.e.
Balochistan, Khyber Pakhtunkhwa, Punjab and Sindh. Pakistan lies between
the longitudes of 23º30' and 36º45' North and between the latitudes of 61º
and 7 º31' East. This territory is a region of diversified relief, with
mountains to the north and west, and arid and semi-arid expanses to the
south and east. Down in the centre is a flat fertile plain, fed by the Indus and
its tributaries. Beneath the northern part of this plain, hydrologists found a
huge fresh water lake, equal in volume to ten times the annual discharge of
the rivers flowing above. The Indus plain has the largest canal irrigation
system in the world, making cultivation possible despite scanty and erratic
rainfall and ranges of extreme temperature.
Pakistan is bound by Himalaya, Karakoram and Hindu Kush mountain
ranges in the north which host the world’s largest ice reserves. These
mountains are the water tanks over the roof, which provide water to the
reservoirs. Climatically Pakistan, located in the north of the tropic of
cancer, possesses a great range of diversity, from some of the hottest in the
world in the Jaccobabad and Sibbi districts to the snowy cold of Laddakh
and Balochistan. In the plains, minimum temperature in the month of
January varies from 4ºC to 15ºC and June/July from 25ºC to 30ºC. The
maximum temperature in January varies from 17ºC to 24ºC and in June/July
from 32ºC to 45ºC. Jacobabad has even recorded an absolute maximum of
53ºC. Pakistan suffers from a general deficiency of rainfall. Under the
influence of the troughs of westerly waves as well as frontal systems, the
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northern half of Pakistan receives substantial rainfall over low elevation
plains and snowfall in mountainous regions during winter season. Summer
adds monsoon to Pakistan which contributes about 60% of the annual total
precipitation from July to September. In the plains, rainfall varies from 127
mm in upper Sindh to 1250 mm in the Himalayan sub-mountain areas.
Pakistan is the 6th most populous country in the world with a population
count of 199.71 million. Despite movements of people from farms to cities,
the country remains predominantly rural. Around 60% of the country’s
population lives in rural areas. The literacy rate in Pakistan which was
estimated at 59% (70% male and 48% female) during 2015-2016 is still
behind other countries of the region. Pakistan's economy is characterized
by; a predominance of agriculture; a strong industrial base with a large
domestic market and an ample supply of skilled human resource. In general,
Pakistan has a well-developed physical infrastructure and good
communication facilities.
Agriculture
Agriculture is the lifeline of Pakistan economy. In 1947, agriculture was
dominant sector of the country. Its share in the GDP has fallen considerably
since then, while the share of manufacturing, construction and services has
risen. Although agriculture's share in the GDP has declined considerably
between 1949-50 and 2016-2017, from 53 % to 19.53 %, yet it remains an
important sector of the economy. Employment share of agriculture has
declined by far less (from 66% to 42.3%) over the same period. In terms of
contribution to national income, employment, markets for industry and
supply of raw materials or products for export, agriculture remains the
foundation of Pakistan's economy. Agriculture sector thus plays a pivotal
role in national development, food security and poverty reduction. It is the
major contributor in the overall export earnings of Pakistan. Agriculture and
agro-based products also account for approaching two thirds of the total
foreign exchange earnings from exports. They supply many of the major
industries with raw materials and consume around one third of the industrial
finished goods. The share of food group alone in the total export of Pakistan
for the year 2014-2015 stood at 17.5 %. Agriculture is equally important for
industrial development as it provides raw material for several value added
industries. Out of about 5,000 industrial establishments in Pakistan, about
60 % are agro-based.
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The rapid growth of Pakistan's urban areas indicate that demand for highvalue perishable production such as fruits, vegetables, dairy and meat is on
the rise. Government is focusing on increasing the yield for rural growers
through major infrastructure investments including reliable transport
networks and other building blocks for modern supply chains. China
Pakistan Economic Corridor (CPEC) will contribute immensely in the
enhancement of agribusiness benefits by tapping value-added product
innovation and supply chain.
The total geographical area of Pakistan is 79.61 million hectares, out of
which Balochistan, Khyber Pakhtunkhwa, Punjab and Sindh Provinces have
34.72, 10.17, 20.63 and 14.09 million hectares areas, respectively. Table1
gives the land utilization statistics of Pakistan4. Pakistan's agriculture
mainly depends on the canal irrigation system. Out of the total cultivated
area of 22.08 million hectares, 19.28 million hectares (87.3 %) are irrigated
and the balance 2.8 million hectares (12.7 %) are rainfed.
Table 1.Land utilization statistics of Pakistan, 2014-2015(million hectares)
Province

1

Area
Not
Total
Cultivated
Net Sown
Forest Available Culturable
Current
Area Area
Area
Area More
Area
for
waste
Fallow
(8+9)
Sown Than
Cultivation
once

2
20.
Punjab
6
14.
Sindh
1
10.
KP
2
34.
Balochistan
7
79.
Pakistan
6

3

4

8

9

10

Total
Cropped
Area
(9+10)

5

6

7

11

17.50 0.49

2.97

1.52

12.52

1.89 10.63 5.88

14.10 1.03

6.29

1.60

5.18

2.80

2.38

0.84

3.22

8.45 1.31

4.01

1.25

1.87

0.61

1.28

0.60

1.88

17.94 1.72

9.83

3.88

2.51

1.45

1.06

0.01

1.06

57.99 4.55

23.10

8.25

22.08

6.75 15.35 7.33

22.67

16.51

Wheat, rice, cotton and sugarcane are the principal crops. Wheat crop is
grown in Rabi (winter) along with oilseeds, coarse grains and pulses. The
most important Kharif (summer) crops are cotton and rice, depending upon
the ecological zone. The busiest periods in farming occur between April and
June, and October and November, when harvesting of the major crops
overlaps with land preparation for the next crop. The power and labor
constraints are felt most severely where water availability permits double
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cropping on the same land. The area, production and yield of the four major
crops are given in table 2. Over time, share of the cropped area accounted
for various crops has changed (Table 3).
Table 2. Area, production and yield of major crops, 2016-20171(P)
Area
Production
Yield
Crop
(‘000 ha)
(‘000 tonnes)
(kg/ha)
Wheat
9,052
25,750
2,845
Cotton
2,489
10,671*
730**
Rice
2,724
6,849
2,514
Sugarcane
1,217
73,607
60,428
P

: Provisional

* '000 bales

** Lint

Table 3. Distribution of cropped area(% of cropped area)
1959- 1969- 1979- 1989- 1999Crops
60
70
80
90
2000
Food Crops 54.8
58.3
56.0
54
56
Cash Crops
12.1
14.5
14.9
16
18
Pulses
11.6
8.0
8.1
7
6
Oilseeds
4.1
3.2
2.8
2
3
Vegetables
0.7
0.7
0.8
1
1
Condiments
0.3
0.3
0.6
1
1
Fruits
0.6
1.2
1.5
2
3
Others
15.8
13.7
15.1
17
11

20092010
58
18
6
3
2
1
4
9

20142015
62
19
5
3
1
1
3
6

N.B.
Vegetables include Potatoes
Food grains: Wheat, Rice, Jowar, Maize, Bajra and Barley.
Cash crops: Sugarcane, Cotton, Tobacco, Sugar beet, Jute & Guarseed.
Pulses: Gram, Mung, Mash, Masoor, Mattar, other Kharif and Rabi Pulses.
Oilseeds: Rapeseed & Mustard, Sesamum, Groundnut, Linseed, Castorseed and other
oilseeds.
Condiments: Chillies, Onion, Garlic, Coriander, Turmeric and Ginger.

Agricultural Mechanization - Status
Agricultural mechanization is an important input in modern agriculture. It
improves productivity of land and labor besides increasing cropping
intensity and helping in ensuring timely crop stand establishment, cultural
practices, harvest and reduction in post-harvest losses. It also results in
considerable savings of fodder and feed through a reduction in bullock
population. Thus, a transition from subsistence to commercial farming can
be achieved through diffusion of modern, efficient, cost-effective
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mechanization technologies to the food production systems. The efficient
use of scarce agricultural resources coupled with a sustainable agricultural
mechanization is therefore, of extreme importance.
Agricultural mechanization has been selective in Pakistan and only those
operations are mechanized for which there is constraint of labor or power or
a combination of both. The effects of mechanization have overall been
positive. It has not only increased on-farm income and labor productivity
but also generated off-farm employment in manufacturing, supply,
servicing of agricultural machinery, supply of other inputs and post-harvest
handling of increased agricultural production.The most popular forms of
mechanization in Pakistan include; bulldozers, power rigs, tube wells and
tractors with cultivators, wheat threshers, sprayers and trailers. Mould board
plough and disc plough for deep tillage are gaining popularity. Bulldozers
and power rigs are operated and maintained by the public sector on
subsidized rates to the farmers whereas tractors and other machines are
owned generally by large and medium sized farmers themselves. The
medium sized farmers provide in general, their tractors and other farm
machines on rental basis to their neighboring small farmers in addition to
their own use.Table 4shows population of tractors and important tractor
operated machinery available in the country according to census of 20048
compared with the censuses of 1975, 1984 and1994. It reflects increasing
trends of their use.
Table 4. Ownership of selected tractor drawn machinery in Pakistan
(Numbers)
Machinery
Census Year
1975
1984
1994
2004
Tractor
35714
157310
252861
401663
Cultivator
31619
146863
236272
369866
Mold Board Plough
2734
7319
28413
40050
Bar / Disc Harrow
2373
8140
13233
23764
Disc Plough
2938
6355
20372
29218
Drill /Planter
1174
11251
64126
70810
Ridger
1174
4711
10987
71338
Trailer
18074
98787
176412
242655
Thresher
5635
78377
112707
137270
At present, most of the crop production operations including tillage and
seedbed preparation are partially to fully mechanized in Pakistan except for
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sowing operation of sugarcane, rice and maize on furrows which are
performed mostly by manual labor. Harvesting operation of cotton and
sugarcane is also not yet mechanized (Table 5).
Table 5. Mechanization status of crop production operations
Crop
Wheat
Cotton
Rice
Sugarca
ne
Maize
Potato
Pulses

Land
Preparati
on
Highly

Sowi
ng
Low

Irrigati
on
Semi

Sprayi
ng
Low

Intercult
ure
Nil

Harvesti
ng
Semi

Threshi
ng
Highly

Highly
Highly

Semi
Nil

Semi
Semi

Highly
Low

Highly
-

Nil
Semi

Semi

Highly

Simi

Semi

Semi

Semi

Nil

-

Highly
Highly
Semi

Semi
Semi
Semi

Semi
Semi
Low

Low
Highly
Low

Semi
Highly
Low

Low
SemiLow

Highly
Highly

In private sector, tractor manufacturers have made significant contribution
in indigenization of tractors by deleting substantial quantities of imported
components. Local manufacturing of tractors has not only saved foreign
exchange but also provided employment opportunities by establishing
assembly lines at tractor manufacturers’ premises and through vending
industries. There were five firms which were licensed initially for
assembly/local manufacturing of tractors in collaboration with the foreign
firms of different makes, namely; Massey Ferguson, Fiat, Belarus, Ford and
IMT. There are however, two firms (M/s Millat Tractors and M/s Al-Ghazi
Tractors) which are at present, mainly engaged in tractor manufacturing in
Pakistan with their combined installed manufacturing capacity of 65,000
units/year. These manufacturers have achieved around 90% deletion of their
popular models.
Around 570,400 tractors are in operation in Pakistan; 92% have cultivator,
30% have MB plough, 15% have disc plough, 5% have chisel plough, 15%
have rotavator, 25% have disc harrow, 5% have ridger and 20% have seed
drill. Total farm power available in Pakistan is 1.11 kW/ha excluding tube
wells and 1.53 kW/ha including tube wells (Table 6).
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Table 6.Farm power available in Pakistan
Power Source
Numbers kW/Unit Power
Share of
Available
Each
(million kW) Source (%)
Agricultural Labor
27.54
0.075
2.07
5.82
Force (Million)
Work Animal (Million)
2.42
0.4
0.97
2.73
Medium size Tractors – 4,56,320
37
16.88
47.48
80% of total population
Large size tractors – 1,14,080
51
5.82
16.37
20% of total population
Tube wells (Diesel, 13,15,000
7.457
9.81
27.60
electric, others)
Total Power (million
35.55
kW)
Total Power (million
25.74
kW), excluding tube
wells
Power available for
24.45
cultivation (95%
assumed), excluding
tube wells
Total cultivated area
22.01
(million ha)
Power
available
1.11
(kW/ha),
excluding
tube wells
Power available
1.53
(kW/ha), including tube
wells
There were 15 farm machinery manufacturers in 1959. As a result of liberal
government policies such as rebate on import duty for raw material,
exemption/reduction of sales and income tax, their number increased to
around 600. Local farm machinery industry is producing farm
implements/machines for land development, seedbed preparation, crop
stand establishment, inter-culture, harvesting and threshing, crop protection
and farm produce haulage. The extent of local contents of agricultural
machines produced in Pakistan is given in table 7.
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Table 7. Indigenization status of farm machinery manufactured in
Pakistan(%)
Item
Origin
Tractors
Belarus MTZ-510 (41kW)
Belarus
NH-480 (37 kW), NH-640 (48 kW), NH-70-54
Italy
(63 kW), NH- 55-56 (41kW )
IMT-565 (44 kW), IMT-549 (37 kW), IMTYugoslavia
577((57)
MF-240 (37 kW), MF-350 Plus (37 kW), MFUK
260 (45 kW), MF-360 (45kW), MF-375 (56kW),
MF-385 (63kW)
Power tillers
China
Land Development Implements
Front and rear blades, land leveler, cultivator,
Pakistan
laser land leveler, scrapers, ridger, post hole
digger
Seeding/Planting Machinery
Seed drill, potato, maize, cotton and groundnut
Pakistan
planters
Weeding and Hoeing Implements
Bar harrow, rotary weeder, row crop weeder and
Pakistan
cultivator
Primary Tillage Implements
Moldboard plough, chisel plough and sub-soiler
Pakistan
Disc plough
Spain
Secondary Tillage Implements
Disk harrow
Pakistan
Disk harrow, border disk
Australia,
Brazil, Spain
Rotavator
Pakistan
Harvesting Machinery
Reaper-windrower, potato digger, groundnut
Pakistan
digger, groundnut thresher
Combine Harvester
West
Threshing Machinery
Wheat thresher, multi-crop thresher, sunflower
Pakistan
thresher, maize sheller and rice thresher
Crop Residue Handling & Haulage Machines
wheat straw chopper, Trolley
Pakistan
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Local
30
85-94
70
82-93

20
100

100

100

100
60
90
80
100
100
10
100

100

Others
Cane crusher, chaff cutter, grain dryer, pumps,
ditcher, sprayers and broadcasters
Diesel engine (high speed)
Milk production machinery
Farm level food processing machinery
Machinery livestock and poultry
Lawn mowing machinery
Horticultural equipment

Pakistan

100

China
Turkey
Different
Different
Different
Different

60
90
100
100
100
100

The organizations dealing with the issues related to agricultural
mechanization in Pakistan include: Ministries of National Food Security &
Research, Industries and Production; Science and Technology; Commerce
and Textile; Planning, Development and Reforms; Research and
Development institutions, mainly Agricultural & Biological Engineering
Institute (ABEI), NARC, Islamabad under Pakistan Agricultural Research
Council (PARC) at federal level, Agricultural Mechanization Research
Institute (AMRI), Multan under Government of Punjab, Agricultural
Mechanization Research Cell (AMRC), Tandojam under Government of
Sindh, Centre for Agricultural Machinery Industries, Mian Channun under
Government of Punjab and Agricultural Light Engineering Program
(ALEP), Mardan under Government of Khyber Pakhtunkhwa; agricultural
machinery manufacturers; financial institutions; federal and provincial
autonomous bodies; provincial directorates of agricultural engineering; and,
agro-services providers.
Both ABEI and AMRI are involved in testing and evaluation of local and
imported farm machines, development of new machines/adaptation of
imported machines to local conditions, improvements in locally
manufactured machines and provision of technical assistance to local farm
machinery manufacturing industry. Salient achievements of the ABEI and
AMRI are summarized in table 8.
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Table 8. Mechanization technologies developed and commercialized by the
R&D institutions
Description

Agricultural & Biological
Engineering Institute (ABEI),
NARC, Islamabad

Mechanization
technologies
developed and
commercialize
d

Tractor front mounted reaperwindrower, groundnut digger,
groundnut thresher, sunflower
thresher, soybean thresher, paddy
thresher, pneumatic row crop
planter, zero-till drill, fertilizer
band placement drill, canola
thresher, wheat straw choppercum-blower, milking machine,
mobile seed processing unit, and
olive oil extractor.

Mechanization
technologies
being
developed

Pak seeder, PTO disk plough,
vegetable planter, turmeric dryer,
solar-cum- gas fired dryer, mini
seed cleaner-cum grader, flat bed
dryer for canola, sunflower &
maize, date dryer, mango picking
&
pre-cooling
technology
machine, nursery raising plant,
hot-water treatment plant for
eradicating mangoes fruit fly
infestation, and wood shredder,
maize fodder cutter and shredder,
mobile high capacity sugarcane
crusher and psyllium processing
machinery.
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Agricultural
Mechanization Research
Institute (AMRI),
Multan
Seed drills, planters,
ridger,
bed
shaper,
weeders, wheat thresher,
rotary slasher, potato
planter,
groundnut
digger, maize sheller,
rotary
tiller,
boom
sprayer,
fertilizer
spreader, axial flow
pump, seed cleaner
grader, hand dibbler,
furrow
bed/shaper
planter, soil hard pan
tester, bullock drawn
implements, and mobile
bhoosa chopper and
baler.
Trencher, fodder cutter
bar, sugarcane base
cutter, pneumatic drill,
rotary ditcher, briquetter,
ejector pump, biogas
plant, groundnut sheller,
seedbed
finisher,
stubble shaver, and
orchard sprayer.

Overview of Agricultural Machinery Usage
Tillage
In rain fed areas of Pakistan, moisture conservation is an essential farm
operation. After wheat harvest and before monsoon rains, farmers usually
plough their land with MB Plough and cultivator to conserve moisture. For
a 50 hp tractor, 3 bottom MB plough and 9 tine cultivator are used.
Tillage operation for most of the crops is almost fully mechanized.
Cultivator is being used as primary as well as secondary tillage implement,
but use of disc harrow and rotavator is catching up fast. Progressive farmers
use 3 bottom M.B. Plough, 3 discs disc plough, and 3 tines chisel plough as
primary tillage implement. For seedbed preparation operation, mostly
cultivator with wooden plank is used, mounted type offset 16 disc harrow
and 18 disc offset trailed type disc harrows are used; and forty two to forty
eight blades rotavators are also used. Bullock drawn implements have
almost phased out except for in some hilly areas where tractor access is
limited.
For precision land leveling machinery, tractor mounted front and rear blades
are available in private sector while bulldozers are available in the public
sector for agricultural work. The use of laser land leveler is also on the rise.
For a 50 hp tractor 7 ft wide front and 5ft wide rear blade are used.
Nursery and planting machinery
Vegetables and rice nursery is manually transplanted. Cotton and maize
planters are available but around 80% maize and 50% cotton is planted on
ridges by manual dibbling operation. Planter, bed and furrow planter,
pneumatic row crop planter are also being used. About 70% wheat and
almost all grasses are manually broadcast. Seed drills are available but
farmers and individual service providers prefer broadcast method for wheat,
grasses and pulses sowing in irrigated areas. In Barani areas Rabi seed drill
is used and fertilizer is broadcast. Sugarcane planters are available but
farmers prefer manual set sowing method with ridger. In paddy harvested
fields, zero tillage drill is used for wheat sowing. Now fertilizer band
placement seed drill and bed and furrow seed drills have been introduced,
and these drills are being used in irrigated areas. Although rice crop is
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transplanted manually but direct seeding rice drill is also making inroads in
some areas.
Intercultural operations and weeding machinery
Interculture is done for sugarcane, cotton, maize and vegetables. Row crop
weeders and sweep cultivators are used for interculture operation. The use
of pre- and post-emergence weedicides is getting popular. Weeding
operation of sugarcane and maize crop is 80% mechanized. For crops
sown in rows, weeding operation is done with rotary weeders and tillers on
limited scale, mostly manual labour is used for this operation.
Irrigation
In canal irrigated areas flood irrigation as well as furrow irrigation methods
are used. In areas where canal irrigation is not available and where
underground water is fit for irrigation, turbine and submersible pumps for
deep wells are used. Centrifugal pumps are being used where ground water
is available at shallow depth. To some an extent, sprinkle and drip
irrigation is being used and solar pumping of irrigation water is also used
due to government subsidy on solar pumps. The Government of Pakistan
has planned to announce the PM's markup-free scheme of installing 30,000
units of solar pumping systems throughout the country for lifting of
irrigation water.
Fertilizer application
Mostly fertilizer is applied through broadcast method while some using
fertilizer broadcaster. In row crops, fertilizer is applied with manual pouring
method.
Harvesting
Harvesting of wheat is around 70% mechanized using reaper-windrowers
and combine harvesters. In areas where wheat crop is not harvested either
by reaper-windrowers or combine harvesters, it is harvested manually and
threshed using stationary wheat threshers. In Punjab, around 80% of rice
crop is harvested using combine harvesters whereas in Sindh and
Balochistan rice crop is manually harvested and threshed using locally
produced high capacity rice threshers. Pulses, maize, cotton and sugarcane
are mostly harvested manually. Vegetables are almost all manually picked.
In areas where wheat is harvested by combines, wheat straw choppers are
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used for harvesting of stubbles and lifting of combine-ejected wheat straw,
and later balers are used for making bales of straw for long distance
haulage. Groundnut crop is harvested substantially using locally produced
groundnut diggers and threshers. Potato crop is harvested using locally
produced potato digger.
Post-harvest and grading
After manually or reaper harvesting, wheat crop is mechanically threshed.
Majority of rice in Balochistan and Sindh is threshed using locally produced
rice threshers. Almost all pulses are threshed mechanically. Maize crop
around 95% in Punjab and 80% in Khyber Pakhtunkhwa is shelled using
locally manufactured maize shellers. More than 700 companies have
mechanical seed graders.
Processing
For primary processing, dates dryers, grain dryers, butter churn machine,
seed graders, mobile seed processing units are being used. For value added
products, packaging machines, psyllium processing machinery, rice
processing machinery, flour and pulses processing machinery, mango and
citrus processing machinery, milk processing equipment, tanker for milk
transportation, milk cooling tanks, milk processing machine, poultry and
meat processing machinery, and silage processing machines are being used.
Hand tools and animal drawn implements
With the availability of tractors, the use of animal drawn implements and
hand tools has declined considerably. In dessert areas ploughing and sowing
by camels, and in plain areas negligible cultivation is done by animal
power. Only in hilly areas, traditional implements are used in general.
Improvement of access to mechanization and services
Small farmers have limited access to farm machinery. Farm machines are
an expensive input in crop production and it is in most cases neither
affordable nor economical to own these individually, especially by small
and medium landholders. Therefore, there is a need for provision of
machinery rental service centers at community level to cater agro services
needs of small farmers. There is already a trend of renting of tractors with
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tillage implements, sprayers and wheat threshers by individual farmers to
their neighbors. Similarly renting of combine harvesters by custom hiring
companies is also practiced. The Khyber Pakhtunkhwa province of Pakistan
has set up farm machinery service centers which are providing machinery
on rental basis to small farmers. The provincial Governments including
Sindh and Punjab have provided 50% subsidy on farm machinery to
selected farmers. The Government of Punjab has provided subsidy for
improved farm implements to tractor owner farmers from time to time
(Table 9).
Table 9. Provision of farm machinery to farmers on 50% subsidy by Punjab
government
Sl.
Year
Agricultural Machinery
Amount
No.
(Rs.
Million)
1.
2015-17 Rotavator, Disc Harrow, Chisel Plough,
1145
Seed Drill, Sugarcane Ridger
2.
3.

2010-11
2008-10

Wheat straw chopper
Rotavator, Disc Harrow, Chisel Plough,
M.B. Plough, Coulter Drill, Rota Drill,
Groundnut Digger & Reaper, Potato
Planter, Potato Digger, Sugarcane
Planter, Sugarcane Ridger, Vegetable
Ridger, Maize Sheller, Citrus Sprayer,
Dogger Cutter

31.5
459

The Punjab Government has recently developed a project titled
'Establishment of Hi-Tech Mechanization Service Centers (HMSCs)' and it
will be implemented on cost sharing basis with the private sector. The
overall objective of the project is to establish high-tech farm mechanization
service centers and to provide modern farm machinery and equipment on
rental basis to the farmers through HMSCs. The total cost of the project is
Rs. 3830.205 million. The project will be implemented from 2016-17 to
2020-21 in all districts of Punjab in two phases. These farm machinery
services centers will be established at union council level (50% subsidy) in
two phases covering all the districts of Punjab. These centers will be
operated by the private sector.
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For providing more access to small and medium farmers to mechanization
technologies, Zare Taraqiati (Agricultural Development) Bank and most of
the commercial banks are providing credits for the purpose. Moreover,
Government of Punjab occasionally awards tractors to selected farmers
from different regions who get higher wheat yields.
Agricultural Mechanization: Gender and Smallholder Farmers
Tillage is almost fully mechanized, but for sowing of maize, cotton,
vegetables, rice transplanting, women still partner with men in performing
these operations. For harvesting of wheat and rice, reaper-windrowers and
combine harvesters are replacing women labour force. For small family
farms, pulses are still harvested by women. About 80% cotton and
vegetables are still picked by women.In 1960s, women used to harvest
groundnuts and potatoes with khurpa, but now groundnut and potato
diggers are available and women are not that much involved in digging
operation. Before the advent of mechanization technologies, women used
to help men in threshing and cleaning of different crops, but now these
operations are almost fully mechanized. On small family farms, fodder
cutting and chopping is mostly done by women. There have been incidents
of farms accidents involving women and children caused by unsafe fodder
chopping machines. There is a need for developing small farm machines to
be used by women such as dibblers for sowing vegetables, maize and
cotton. Most of rice is transplanted by women. There is a need to develop
mini transplanters to be used by women. Similarly there is a need to
develop appropriate machines for vegetables and cotton picking by them.
Farm size is decreasing and number of small farmers is increasing. Small
land holdings and resource-poor economic conditions of small farmers are a
challenge for adoption of mechanization technologies due to higher initial
cost. There are inadequate custom hiring services available to small farmers
and they have to wait for neighboring tractor owner farmers to cultivate
their land because farm machinery rental service providers prefer big land
holders for lending their machinery and consequently farming operations by
small landholders get delayed.
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Challenges and Opportunities for Agricultural Mechanization
Agricultural mechanization is mainly limited to crop production in Pakistan.
The available farm power in Pakistan is around 1.11 kW/ha excluding tube
wells (Table 6) which is very low as compared to other South Asian
countries. At the same time, tractor power is underutilized due to nonavailability of complete set of machines with individual tractor owners at
affordable cost. There exist inadequate custom hiring services for farm
machinery. Tractors being used in Pakistan are based on the 1970s
technology and need improvement in their manufacturing technology
through strict regulatory regime. Wheat production in the country stands
substantially mechanized, however, production of rice, maize, cotton,
sugarcane, vegetables and fruit remains partially mechanized. Wheat and
rice harvesting is achieved using imported old combine harvesters. The
inefficiency of old combine harvesters results in around 10% grain losses.
Farmers have no access to modern machinery such as rice transplanters,
vegetable planters, fruit pickers, potatoes diggers/shakers, orchard pruning
equipment etc. There is partial adoption of green houses and other advanced
techniques of vegetable production. The use of solar energy for high
efficiency irrigation system under water stressed environment has a great
potential for adoption. The equipment used for farm level value addition is
almost non-existent, thereby resulting in high post-harvest losses and low
level of value addition at community level.
The key constraints in the farm level mechanization include: a) inefficient
utilization of tractor power; b) slow adoption rate of high efficiency
irrigation systems; c) low manufacturing focus on small-scale value-adding
machinery to reduce post-harvest losses; d) use of in-efficient second-hand
combine harvesters; e) dearth of machinery for small-scale dairy farming; f)
lack of standardization for quality enhancement of farm machinery; and, g)
non-availability of complete package of agricultural machinery at
community level.
Small and large land holdings are posing a challenge to mechanization.
Small farmers have low purchasing power, whereas most large landholders
fail to mechanize their farms or do not invest in mechanization
technologies, and get contended with the income from tenants and leave
mechanization issue to be handled by the tenants. There is a dearth of
repair workshops in rural areas consequently farmers travel long distances
to get their machinery repaired. New mechanization technologies are not
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available at affordable prices. Sugarcane harvesters and cotton pickers are
complex machines and are very expensive to own by individual farmers.
Moreover, farmers are reluctant to bear losses which are caused by the use
of sugarcane harvesters and cotton pickers. Usually, these losses are up to
15%. Poor quality of locally produced machinery is another constraint for
mechanization.
At present, farm mechanization is limited to crop production. Its scope
needs to be expanded to introduce technologies for proper drying and
storage of grains, and processing units for value addition to agriculture
produce at the farm/village level. There is a great potential to export fruits
and vegetables if efforts are made in proper curing/pre-cooling,
sorting/grading and packaging of fruits and vegetables at the
farm/community level.
The private sector should be persuaded to establish their own R&D to meet
obligation of product quality at competitive prices. They should be
encouraged to recruit qualified and experienced manpower at their strength
and allocate adequate %age of their turnover for R&D work. The public
sector R&D institutes should also be upgraded and focus on market driven
issues, and such institutes need to be established in each province.
There is a good business opportunity in establishing central facilities of
manufacturing of specialized/critical components like gears, sprockets,
wearing parts of soil-engaging parts which will promote quality in
agricultural machinery manufacturing besides creating job opportunities for
skilled manpower.
Joint venture avenues for local production of complex machinery like
rotavator, disc plough, vegetable and paddy transplanters, combine
harvester, sugarcane harvester, cotton picker etc. need to be exploited with
attractive government incentives such as soft term loan, import duty and
tax holidays. This will help in upgrading mechanization level, attract
foreign investors and create more employment opportunities in this sector.
Farm machinery being an expensive input, encourages setting up of rental
service centers for their easy access. This will promote widespread use of
agricultural
machinery
for
land
preparation,
seeding
and
planting/transplanting (other than cultivator and seed drill), harvesting of
sugarcane, maize, wheat, rice and cotton crops etc.
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The Government of Pakistan has envisaged to develop 'Agricultural
Development Zones' as part of CPEC. These zones aim at increasing yields
and benefiting farmers. Establishment of state-of-the-art agricultural and
food processing facilities will not only help in increasing output and
efficiency but also enable Pakistan to export its agricultural products to
China and other international destinations including Middle East 10.
Conclusion
Agriculture sector is considered to be one of the main drivers of economic
growth in Pakistan. It not only provides food (both fresh and processed) but
also inputs for industries such as textiles (e.g. cotton and wool). The
national economic growth demands that agriculture sector grows at a
healthy rate and that it has to be highly efficient and competitive besides
ensuring food and nutritional security for all in Pakistan and surplus for
exports. Costs of production of various crops are however, not competitive
mainly due to low productivity levels owing to inefficient farming practices.
Challenges of the free market and globalization have further necessitated
modernization of agriculture by developing appropriate strategies including
development/introduction, testing and commercialization of efficient, costeffective and sustainable agricultural mechanization technologies in the
country. Some progress has been registered in this respect. However, a great
deal of concerted efforts both by public and private sector organizations in
harmony are needed for development and promotion of sustainable
agricultural mechanization in the country, especially to capitalize on the
opportunities being unfolded in the context of CPEC.
The following recommendations are made with a view to providing
enabling environment for the development and promotion of sustainable
agricultural mechanization in the country:
-

Reduction in duties and taxes on import of agricultural machinery.
Reduction in General Sales Tax (GST) on sale of agricultural machinery
for enhancing pace of agricultural mechanization.
Development/indigenization of efficient farm mechanization and
processing technologies to reduce cost of production, enhance
timeliness of operations, reduce post-harvest losses and add value to
farm produce at farm level through cluster approach.
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-

-

-

Promotion of climate-smart precision agriculture for profitable crop
production.
Provision of incentives for import of machinery for hay/silage making,
milking, dairy and meat products.
Development and promotion of suitable machinery for livestock sector
such as harvesting and chopping of fodder, milk processing and
packaging at farm level.
Aquaculture mechanization for intensive production, processing and
maintaining cold chain.
Establishment of 'Pakistan Agricultural Machinery Testing and
Evaluation Center' with regional satellite institutions in the country for
quality enhancement and standardization of agricultural mechanization
technologies.
Development of a National Network for Agricultural Mechanization in
the country.
Promotion of the use of alternate energy sources at farm level.
Establishment of machinery pools as farm-services centers in the private
sector.
Provision of incentives to local industry for manufacturing of quality
agricultural machines and to initiate in-house R&D activities besides
improving their manufacturing set-ups.
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Introduction
Use of tools, implements and powered machinery in agricultural land
development, crop production, harvesting, and preparation for storage,
storage, and on-farm processing is termed as “Agricultural Mechanization”.
It includes three main power sources: human, animal, and mechanical.
Manufacture, distribution, repair, maintenance, management and utilization
of agricultural tools, implements and machines is covered under this
discipline with regard as to how to supply mechanization inputs to the
farmer in an efficient and effective manner.
Contributing to about 8% of the GDP, agriculture sector plays a pivotal role
in the economy of Sri Lanka. Nevertheless, the shortage of workers in
agriculture is often blamed to be a cause of low land productivity and
quality of produce. Consistent with the economic transformation, the
structure of employment in Sri Lanka also changed. The expected migration
of agricultural labor towards the industrial and service sectors continues. An
analysis of employment trends in Sri Lanka shows that employment outside
agriculture - in industry, services, and other categories - grew at an average
rate of 4.2% per year during 1990 to 2000. By contrast, employment in the
agricultural sector grew negligibly, at an average rate of 0.3 % per year
during the same period.
As the decreasing rural population of Sri Lanka is becoming increasingly
responsible for feeding the growing urban population, increase in
productivity of agriculture has become an essential feature in stepping
towards sustainability. As labor migrates away from agriculture, the
productivity of those who remain on the land needs to increase
significantly. In actuality, as the %age share of labor employed in
agriculture decreased from 47% of total employment in 1990 to 36% in
1999, agricultural productivity per worker stagnated at around Rs. 53,000
(in constant 1996 rupees) over the last decade. Such a low level of
performance puts rural Sri Lanka on a collision course with demographic
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projections that foresee the need for agriculture to absorb over a quarter
million new workers by 2010. The projections assume a stable 1.2%
population growth rate over the current decade and non-agricultural
economic growth steady at 4.2%. With 2.8 million new entrants expected to
join the workforce by 2010, agricultural sector employment will have to
grow by about 1.4% per year-more than four times current rates - to
produce the needed jobs and ease anticipated employment pressures in the
whole economy. Any shortfall would have serious poverty and welfare
implications.
Therefore, mechanization of labour intensive practices in agriculture as a
solution to the scarcity of labour has been one of the most frequently
discussed subjects among stakeholders. Objectives of mechanization are as
follows.
-

Increasing worker productivity
Attract younger generation to agriculture
Improving product quality
Reducing cost of production
Ease of manual operations
Precise and timely cultivation
Time saving
Changing the attitude towards farming

Even though some field practices have been successfully mechanized, there
is still a great potential for mechanizing the agriculture sector in Sri Lanka.
Fragmentation of farmlands, irregular land shapes, and reducing the size of
a holding have also become a challenge in mechanizing field operations.
Presently, most of the machinery used in the agriculture sector is imported
from other countries spending a colossal amount of foreign exchange every
year. Lack of resources for research and development and manufacturing
machinery, high cost of production compared with that of importing
countries, lack of incentives for local producers and a small local market
etc., have been some of the reasons for limiting local production of
agriculture machinery and equipment.
Agriculture Situation
The primary form of agriculture in Sri Lanka is rice production. Rice is
cultivated during Maha and Yala seasons. Tea is cultivated in the central
highlands and is a major source of foreign exchange. Vegetables, fruits
and oilseed crops are also cultivated in the country. Out of the total
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population in Sri Lanka, 31.8% engages in agricultural activities.
Agriculture and allied sectors like forestry and fisheries accounted for 18%
of the GDP (gross domestic product) in 2014, about 26.4% of the workforce
or employment. Rice is the single most important crop occupying 34 %
(0.77/million ha) of the total cultivated area in Sri Lanka. On average
560,000 ha are cultivated during Maha and 310,000 ha during Yala making
the average annual extent sown with rice to about 870,000 ha. About 1.8
million farm families are engaged in paddy cultivation island-wide. Sri
Lanka currently produces 2.7 million tons of rough rice annually and
satisfies around 95 % of the domestic requirement. Rice provides 45%
total calorie and 40% total protein requirement of an average Sri Lankan.
It is projected that the demand for rice will increase at 1.1% per year and to
meet this rice production should grow at the rate of 2.9% per year.
Increasing the cropping intensity and national average yield are the options
available to achieve this production targets.
The land in the country has been used for wide range of agricultural and
non-agricultural uses. It also shows the land use changes since 1956. The
extent of agricultural lands has increased from 45 % in 1956 to 60 % in
2007 while land extent under various forest types has decreased from 44 %
to 28.8 % during the period. The dense and open forest area of the country
during this period decreased from 44 % to 23 %. The sparsely used crop
lands, homesteads and paddy occupy the highest land area in the
agricultural sector. The homestead lands are the home gardens where many
tree crops are grown. The sparsely used croplands are the lands where the
agricultural crops are grown but not properly managed and maintained. The
sparsely used crop lands have been increased during this period indicating
poor management of agricultural lands in the country. Among the plantation
crops, the land extents under tea and rubber plantations have been decreased
since 1956. It indicates these lands have become sparsely used lands. There
is nearly 2% increased of mixed and perennial crop lands and 1 % increased
in the coconut plantations.
Agriculture sector in Sri Lanka mainly comprises of paddy, Other Food
Crops (OFC), plantation crops, minor export crops, horticulture and fruit
crops, floriculture, livestock, firewood and forestry. Additionally, fishing
and aquaculture are also contributing to the agriculture sector of Sri Lanka.
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Table 1.Crops extent (Ha) and production (MT), 2015-16.
2015/16 Maha
Crop
Rice
Millet
Maize
Sorghum
Meneri
Green gram
Cowpea
Soya bean
Black gram
Gingelly
Ground nuts
Manioc
Sweet
Potatoes
Potatoes
Red onion
Big onion
Chillies
(Green)
Mustard
Ginger
Turmeric
(raw)

2016 Yala
Production
Extent
(Mt)
1,253,288
5 million
1,030
1,500
10,540
36,890
30
70
10
10
5,270
6,570
2,930
4,930
6,090
9,400
1,890
2,200
11,010
9,930
4,490
7,640
9,710
139,820

Total
Production
Extent
(Mt)
1,253,288
5 million
6,150
8,560
67,630
243,960
80
170
30
10
11,310
14,550
8,220
13,740
6,300
9,830
11,160
11,200
14,050
12,420
19,970
24,200
22,750
324,080

Extent

Production

5,120
57,090
50
20
6,040
5,290
210
9,270
3,040
15,480
13,040

7,060
207,070
100

2,410
2,860
2,580
690

22,390
48,540
35,480
7,550

2,070
2,900
2,410
3,300

22,330
47,260
28,190
57,670

4,480
5,760
4,990
3,990

44,720
95,800
63,670
65,220

8,220
130
2,490

50,720
200
23,180

7,050
10
-

21,590
20
-

15,270
140
2,490

72,310
220
23,180

1,990

25,200

-

-

1,990

25,200

7,980
8,810
430
9,000
2,490
16,560
184,260

This shows that the variety of machinery required for agriculture sector vary
from small hand-held tools or equipment to large scale engine-driven
machines. Further, every field or processing practice in agriculture cannot
be successfully mechanized replacing manual operations due to various
reasons. Presently, protected agriculture, especially for producing
vegetables, fruits and flowers has received greater attention of enthusiastic
entrepreneurs in the country. It is a well-known fact that mechanization is
an important component in precision agriculture. Therefore, mechanization
needs of this sector should also be addressed with a greater attention.
Finding solutions through mechanization to facilitate compost preparation,
reduce chemical usage in agriculture and minimize wild animal damage to
cultivated crops and finished products has also become necessary.
With lesser restrictions on imports, substantial quantities of agricultural
machinery are imported to Sri Lanka. Hence, it is paramount that a proper
quality assurance and certification system is developed and imposed to
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safeguard the local farmers and other users of agricultural machinery. The
local designers and manufacturers claim that it has been extremely difficult
to continue their industries due to financial constraints and hence,
government interventions are required for providing financial support and
other required facilities. Further, a number of machines and equipment
designed and developed locally to suit local conditions have not reached the
end users due to problems of commercialization. Therefore, appropriate
steps should be taken after a careful appraisal to rectify this situation. It will
also be of advantage, if both local designers and manufactures are exposed
to advanced technologies available in foreign countries. This emphasizes
the need for private and public sector partnership in the development and
manufacture of agricultural machinery. Moreover, machinery and
equipment suitable for small-scale and village-scale agriculture should be
produced with a view to increasing job opportunities for rural population,
which is often considered as the back-born of the agriculture sector of Sri
Lanka. In order to harness the full benefits of agricultural mechanization,
new varieties and farming systems also need to be developed to suit
mechanization. Nevertheless, it can contribute to environmental pollution
and soil erosion, and displaces farm labour. Hence, energy use efficiency,
contribution to environmental pollution and also worker safety aspects
should be given due attention at the research and development stage of
agricultural machinery.
Agricultural Mechanization Policy
Despite its high cost and high profile, mechanization is still only an input
like any other such as fertilizer, seed and crop protection chemicals, and is
one of a mix of management tools a farmer has available to maximize
production and profit. Therefore, in a free market situation, it is
inappropriate for governments to have an individual policy on
mechanization except as a component part contributing towards the
realization of broader agricultural policy. To have a policy to ‘mechanize’
would imply that the introduction and expansion of mechanized inputs is an
end in itself, whereas it is only one of a mix of management tools that a
farmer uses for the purpose of agricultural production. Government policies
on privatization and the market, as well as other policies, will affect the way
in which mechanization inputs are made available and will determine the
effectiveness of the sub-sector. In a free market economy the amount and
choice of mechanization inputs is demand driven, whereas in a planned
economy it is supply driven. Mechanization should not be an end in itself
and therefore, in a true free choice situation, governments should refrain
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from making policies which will stipulate by which means or by how much,
agriculture will be mechanized. The type and degree of mechanization
should be decided by the producer to best suit his business and his own
particular circumstances, and the choice of suitable methods will therefore
be just one of a number of choices that the farmer has to make. The decision
on if and how to mechanize is often a complicated mix of reasons with
economic reasons paramount.
The purpose of any interventions should be clearly identified and should fall
within the objectives of the strategy. However, that does not mean that
agricultural mechanization can be neglected in the formulation of national
policy. On the contrary, very special attention should be paid to the effects
that other policies have on the level and use of engineering inputs in
agriculture.
-

Introduction of mechanization technologies, which make optimum use
of labour and or productivity rather than displacing labour.

-

Adopt low or no tax policy on useful imported machinery while
controlling undesirable machinery flowing into the country.

-

Promote local manufacture of agricultural machinery and support agrobased industries entrepreneur development schemes.

-

Enhance the level of income of farmers facilitating for value adding
techniques.

Agricultural Policy
Government support for farmers takes several forms, including the
provision of credit for producers, the setting of minimum prices for
agricultural produce, the building of irrigation works, and the
encouragement of internal migration to newly irrigated areas. Since the late
colonial period, the government has played a growing role in the provision
of credit to smallholders on favorable terms. Until 1986 the main instrument
of this policy was the subvention of cooperative societies. Agricultural
credit took three forms: short-term loans to farmers for the purchase of
seeds and fertilizers; medium-term loans, intended for the purchase of
machinery; and long-term loans for capital expenditure on storage,
transport, and rice-milling apparatus. The long-term loans were not
available for individual farmers, but were used by the cooperative societies
to acquire infrastructural facilities. The New Comprehensive Rural Credit
Scheme implemented in 1986 sought to increase the flow of credit to
234

smallholders. The Central Bank guaranteed up to 50 % of each loan in the
event of losses incurred by banks lending under the program, and eligible
farmers received a line of credit for three years. Loans were automatically
rescheduled at concessional rates when crops were damaged by events
beyond the farmer's control. In 1986 cultivation loans under this program
amounted to nearly Rs. 257 million, about 74 % for paddy and the rest for
other food crops.
Another important policy was the Guaranteed Price Scheme, which came
into effect in 1942. Under this program the government agreed to purchase
rice and some other produce at set prices. The intention was to support the
farmer's standard of living. Since the 1930s, governments have promoted
irrigation works and colonization projects in the dry zone in an attempt to
increase rice production and reduce land pressure and unemployment in the
more densely settled wet zone.
At the end of 1968, about 352,000 hectares were under irrigation for rice
cultivation; some 178,000 hectares under major storage reservoirs and
barrages, and approximately 174,000 hectares in minor irrigation projects.
In the 1970s and 1980s, governments pursued major irrigation programs,
most notably the Mahaweli Ganga Program, which was lent added impetus
and became the Accelerated Mahaweli Program in 1978. The increasing
size of the Mahaweli project dwarfed its earlier endeavors. According to the
plan, approximately 593,000 hectares of previously arid land would be
brought under irrigation by 1992. In 1986 some 76,000 hectares of new land
were under cultivation as a result of this project.
Other long-standing government policies designed to help farmers included
subsidies for fertilizer, seed paddy, and other inputs. Government efforts
also partly contributed to the adoption of improved cultivation practices and
high-yielding seed varieties in paddy farming in the 1960s.
The Sri Lanka Council for Agricultural Research Policy (SLCARP) was
established on the 22nd of December 1987 with the enactment of the CARP
Act No. 47 of 1987 by having the Vision:
“To develop a vibrant, effective and sustainable system of agricultural
research promoting socio-economic development in Sri Lanka” and Mission
of;
“To strengthen and mobilize research capabilities of the National
Agricultural Research System (NARS), Universities, Private Sector and
other stakeholders in Partnership in the generation and dissemination of
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appropriate technologies and information for the development of
Agricultural sector”
Its mandated functions are;
- Formulation of a National Agricultural Research Policy
- Organization, Coordination, Planning and execution of agricultural
research
- Allocating/generating funds for contract research, monitoring and
evaluation, technology dissemination.
- Develop human resources (scientific & Technical) in the agricultural
sector
- Foster regional/international linkages to access modern technology,
information, exchange of scientific staff, germplasm, etc.
- Disseminate technology and scientific information for agricultural
scientists, farmers, private sector and other stakeholders.
- Periodic review performance
institutions and divisions

on

agricultural

research

projects,

- Repository of scientific information on agriculture and related fields
- Provide excellence in agricultural research
Status of Agricultural Mechanization
Following institutions and establishments are available for the
manufacturers to obtain their required designs, prototypes, technical knowhow and testing and certification of the machinery.
- Farm Mechanization research Centre (FMRC), MahaIlluppallama,
- Institute of Post Harvest Technology (IPHT), Anuradhapura,
- National Engineering Research & Development Centre (NERDC), Ekala,
- Farm Mechanization Training Centre (FMTC), Anuradhapura
Out of the above four institutions FMRC, IPHT and NERDC are involved
in research and development of agricultural machinery. The necessities of
different kinds of machines are notified to these institutions in accordance
with the respective specialties of them. The requirements are originated
from farmers at grassroots level, officers involved, NGOs who are assisting
farmers, and the provincial technical working groups.In general a
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requirement of machinery for a particular operation is indicated to one of
the above three institutions the procedure is to look for the availability of
such machines elsewhere in the world. In this regard most frequent case is
that even promising machines are available the applicability of them to local
conditions had always been questionable. The infrastructure, soil
conditions, climatic conditions, inherent practices and above all the
purchasing power of the farmers had been obstructive factors to introduce
the machines brought from abroad. This is the main reason that, except the
fuel operated prime-movers including tractors, all other agricultural
machinery are produced locally.
The research procedures involved design, prototype production, testing,
modifications as needed, final testing, adaptive research and introduction to
the farmers. The mass production of the machinery is totally done by the
private sector.
There are also instances where individual companies have obtain the
designs from their principals abroad and do modifications to suit local
requirements as they are the sole agents in Sri Lanka for these machines and
equipment. In such cases, assembly or semi manufacture is mostly the
arrangement. It must however be noted that, in Sri Lanka there is only a
limited capacity for local consumption and therefore large investment on
assembly line type continuous production systems may not be economically
viable unless otherwise international market is approached. This is the main
reason for many manufacturers importing their prime movers. Few largescale manufacturers are capable of investing on R & D work on agricultural
machinery. The major cause for this situation is the marginal profit made by
the manufacturing industry and seasonal sales of equipment requiring large
investment on stocking manufactured goods.
Level of Mechanization
-

Paddy Cultivation - Highly mechanized
Vegetable cultivation - Low level
Other field crops - Moderately mechanized
Fruit sector - Low level
Plantation crops - Low level
Spices - Very low

Thanks to tractors, nearly 95% of land preparation is now mechanized. The
initial land preparation can be practiced just after land preparation. However
usage of machinery for plant establishment is still not satisfactory. After
launching several projects over 500 transplanters are now in field. One
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transplanter can cover up to 50 acres per season. Farmers of Southern part
of the island prefer to use FMRC box seeder. Dry sowing is practiced in
northern part of the island and farmers request and farmers request dry
sowing seeders. Seeders imported from India have been tested and
successful. They are yet to be introduced through extension mechanism.
Dry sowing need less energy for land preparation. As transplanting need
much water, use of seeders will reduce use of scare water resources.
Much water is need for land preparation as lands are not properly levelled.
Laser levelling can be introduced for land levelling. Two levelers are
bought and another two will be purchased for trails and extension. Due to
labour shortage and huge labour cost, bund forming is neglected or poorly
done. Bund forming machines have to be introduced. Machine will be
purchased under national food production program this year for trails and
testing.
Zero tillage reduce soil erosion. FMRC has introduced injector planter for
maize, dry sowing seeder for paddy. The injector planter is designed to
coupled for both two and four wheel tractors. Through extension programs
these machines are becoming popular and now several hundred is in the
field especially in Uva province. These machines are locally fabricated by
small scale manufacturers registered at FMRC.
Use of organic fertilizer Enhances soil quality, water retention and soil
functions, increasing the system’s potential to overcome climate shocks.
FMRC introduced multi chopper for compost making in 1990’s. Machine
gain much popularity hence several local manufacturers fabricate machine
locally. But now there are cheaper imported machines in the market.
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Table 2. Annual agricultural machinery production/import by 2016
(approximate values)
Machine/Equipment

Single Axle Tractors
(SAT)
2. Twin Axle Tractors
(TAT)
3. SAT trailers
4. TAT trailers
5. Sprayers
6. Irrigation pumps
7. Ploughs for TAT
8. Animal
drawn
ploughs
9. Threshers
10. Winnowing fans
11. Mammoties

Units
produced
Locally
(annual
average)

1.

12.
13.
14.
15.
16.

Sickles
Combine harvesters
Maize shellers
Paddy transplanters
Lowland seeders

5000
1000
10,000
5,500

500
500
200
350,000
Not
available
20
500
750
500

17. Multi choppers

1000

18.
19.
20.
21.
22.
23.

200
1500
2500
250
100

Units
imported
(annual
average)
10,000

Approximate
Average
Value of a
Machine
(USD)
2,600

8,000

12,500

25000
3,500
1000

300,000
50000
1500

650
2,600
75
325
500
100

26,000
950
3,000
150
660

650
220
1,700
1,315
165

250
300
200
1315
100
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7 & 12 hp tractors
with rotovators
Up to 60 hp

For TAT

1,200
60
10
7

860
Paddy cleaners
Power Weeders
Inter-cultivators
Paddy reapers
Groundnut shellers
Highland seedersmanual
24. Highland seedersSAT coupled
25. Highland seedersTAT coupled

Remarks

SAT driven
Manually operated
Manually operated
For
compost
production
For farmer level
seed production
For rice cultivation
For OFC

Improvement of Access to Mechanization and Services
The measures that have to be taken to reduce cost of production and
increase profit margin in paddy cultivation are as given in table 3.
Table 3. Problems identified and solutions
Operation

Main
problem

Land
Preparation

Inability to
keep
timeliness

Affects
owing to the
problem
Late harvest
in
Maha,
resulting in:
Less
cropping
intensity in
Yala due to
lack of water
in
tanks
(50%)

Reasons
problem

for

the

Insufficient energy
(Should increase to
2.40 hp/ha from
present 1.41 hp/ha
to advance land
preparatory time by
one week),
High
cost
tractors,

of

Probable solutions

Support more farmers
to have their own
tractors
Tractor lending stations
Gov/NGO/Private
Ensure that the benefit
of no import- tax policy
on tractors goes to the
farmers

Unsuitable tractors
Crop damage
and
losses
due
to
adverse
weather
conditions

Lack of labour.

Introduce machinery for
labour
intensive
activities
(e.g.
for
repairing and reforming
of bunds need 5–6 man
days/ac)

High rate of
insect
and
fungal
attacks
Weeding
and plant
protection

Inability to
total
control of
weeds,
insects and
diseases

Reduced
yield and/or
total crop
losses

Farmers and bankers
should be made aware
of the importance of
FMRC certificate

Lack of sprayers
(one sprayer/5 ha),
Improper use of
sprayers,
Incorrect selection
of nozzles,
Low quality
sprayers
No labour for
transplanting,
Mechanical
weeding still not
popular
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Support more farmers
to have their own
sprayers
Sprayer lending stations
Gov/NGO/Private
Encourage sprayer
venders to train their
customers
Farmers and bankers
should be made aware
of the importance of
FMRC certificate
Encourage use of
Mechanical

transplanters
Popularize mechanical
weeding that also has
advantage of increasing
fertilizer efficiency

Reaping

Excessive
delay

Heavy grain
losses

Needs heavy labour
input
Reaping takes place
at the labour peaks
island wide

Threshing

Delay in
threshing

Discoloured
rice

Needs heavy labour
input

Expensive

Low quality
paddy

Threshing takes
place at the labour
peaks island wide

High
losses

Cleaning

Accidents

Less rice
recovery at
milling

Injuries and
life threat to
the farmers

Performance of
some threshers in
the market are not
satisfactory

Substandard quality
of artisan produced
winnowers
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Ensure benefits of no
tax policy on combine
harvesters goes to
farmers
Encourage local
production of two
wheel tractor coupled
combine harvesters
Farmers and bankers
should be made aware
of the importance of
FMRC certificate
Strengthen the reaper
lending system at
Agrarian Services
Centers
Support more farmers
to have their own
threshers
Thresher lending
stations
Gov/NGO/Private
Make farmers aware of
advantages of
mechanical threshing
over the other methods
Make threshers
available at affordable
prices
Farmers and bankers
should be made aware
of the importance of
FMRC certificate
Standardize the design
Impose strict rules to
use standardized
winnowers
Encourage use of
cleaning machines

Even though the farmers are aware of the advantages associated with farm
machinery, they are unable to approach them due to various reasons. The
main advantages include, increase quality and quantity, timeliness, reduce
drudgery, reduce production cost and low labour requirement. Above all,
the attraction of present generation to agriculture the machinery has to play
a major role. There are two ways in which the farmers could receive the
help of machinery for different farming operations. They are, by owning
them or by hiring.
Owning machines by individuals
At present there are a number of limiting factors, as mentioned below, for
owning the machines by individuals
-

Poor purchasing power

-

Seasonal usage of machinery

-

Lack of infrastructural facilities

-

Difficulty in obtaining financial facilities

-

Many machines are single purpose

-

Lack of after sales services

Machines hiring facilities
Hiring of machinery by farmers is rare due to following reasons
-

Non availability of machines at close proximity to the farms

-

Lack of awareness on available technology

-

High and varying hiring charges

-

Some machine owners are reluctant to hire their machinery

-

Insufficient machinery to cater the demand

-

Financial hardships during peak periods

-

Expected quality of work cannot be achieved

Strategies:
Strategies should be created to facilitate for owning the suitable machinery
by individuals at reasonable prices, possibly with installment paid basis, or
providing machines hiring facilities at close proximities to the farms.
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Facilities for owning the machinery
At present machine supplying and distribution system is completely handled
by the private sector. Since there is no control on pricing, except the
competitiveness among the suppliers, farmers have to pay unreasonable
charges. Apart from that, there are no sufficiently organized after sales
services and the farmers have no easy access for spare parts etc. Further,
there are instances where substandard quality machines have gone to the
farmers.
In order to overcome those shortcomings it is proposed to establish
machinery sales centers island wide with the involvement of the
Government (possibility should be discussed). These centers are responsible
for the followings:
-

Provide quality assured machinery to the farmers

-

Provide easy payment facilities

-

Provide better after sales facilities

-

Function as the coordinator between the farmer and the supplier

-

Conduct awareness programmes on the available technology with
the help of respective agencies

-

Ensure the availability of repair facilities within the area

-

Direct the feedback of machinery conditions to decision makers

-

Keep strong linkages with Farm Mechanization Research Centre
(FMRC) and Farm Mechanization Training Centre (FMTC)

Facilities for hiring Farm Machinery
At present hiring of farm machinery is done by the individuals and this
service is not so effective due to reasons mentioned in 1.2 above. Therefore,
Government intervention is essential to provide sustainable, efficient and
reasonable hiring facilities. A few years ago the Government controlled
tractor-hiring units failed and compelled to be closedown due to inefficient
management and especially due to the poor maintenance of the machinery.
Therefore, it is suggested that to establish Government controlled
machinery hiring units island wide to hire the machines through farmer
organizations to the individual farmers. The machines made available in
these units for hiring may be preferably of less maintenance types. The
machines kept at different hiring centers would have to be decided upon the
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requirement of respective areas. The hiring centers shall hire the machines
to operate by the farmers themselves.
Following machinery could be identified, as those needed minimum
attention with regard to maintenance and they are recommended suitable to
use at hiring centers. Most probably the income generated by hiring the
machines may sufficient to carry out the anticipated minimal amount of
maintenance, to cover up the maintenance cost of the buildings and the
monthly wage of the caretaker. That means, once the initial investment is
made the Government would have no burdens in connection with smooth
functioning of hiring centers.
The machines and implements that are recommended suitable to be made
available at hiring centers are:
-

Mould board ploughs for two wheel tractors,
Rotovators for four wheel tractors
Seed paddy cleaners (Electric motor driven)
Seed paddy cleaners (Two wheel tractor driven)
Lowland Seeders and Weeders (manual)
Highland Seeders and Weeders (manual)
Paddy trans planters (manual)
Axial flow water pumps (Two wheel tractor driven)
Knapsack sprayers (manual)
High pressure sprayers for orchards
Paddy threshers (medium size)
Paddy threshers (high capacity)
Maize shellers (manual)
Maize shellers (Two wheel tractor driven)
Groundnut shellers (manual)
Groundnut shellers (Electric motor driven)
Pulse splitting and processing machines (Electric motor driven)
Fruit harvesting tools
Grass mover attachments to two wheel tractors

The prime movers such as tractors and engines that are needed to undergo
frequent maintenance must have easy accessibility by the farmers to own
through the sale centers proposed above. The machines mentioned in the
above list could be selected in accordance with the requirements of
respective areas.
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Responsibilities of a hiring center
-

Fulfilling the machinery requirement of the farmers in time
Looking after the machines
Train farmers on operation and maintenance of the machines
Conduct awareness programmes on available machinery
Decide reasonable hiring cost in consultation with farmer
organizations and FMRC
Make use of new agricultural technologies
Maintain direct contacts with Farm Mechanization Research Centre
(FMRC) and Farm Mechanization Training Centre (FMTC)

Responsibilities of farmer organizations
-

Inform machinery requirement of the area to the hiring centers in
advance
Ensure that the farmers use the machinery safely, efficiently and
effectively
Ensure that the machines have been returned back to the hiring
Centre immediately after the operations
Inform any malpractices of the hiring centers to the higher
authorities

Expected outcome and benefits
Through proper usage of agricultural machinery the farmers and the
Country in turn would have the following benefits.
-

The agriculture will become an attractive livelihood for younger
generations
Cost of production will go down and profit will increase
Quality of agro produce will increase
Yield and income will increase due to increased cropping intensity
and reduced losses
Water use efficiency will increase
Would make healthy and happy farming community
Agricultural mechanization and gender and small holder farmers
Challenges and opportunities for agricultural mechanization.
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Conclusion and Recommendations
Farmers: Availability of the widest choice of appropriate farm tools,
machinery and equipment at affordable prices as well as access to spare
parts and service to allow the farmer to make the best choice available to
suit his own business. Availability of credit to allow purchase of these
inputs. Availability of information and accessible sources of advice to assist
him to make the correct choice and existence of legislation to protect him
from commercial exploitation.
Retailers and Wholesalers require a suitable competitive, commercial
environment in which to develop their businesses. This involves access to
commercial credit for business development and cash flow purposes, a
stable market in which to sell their products, access to business
development assistance, and removal of any unfair competition from the
state.
Manufacturers require access to a stable supply of raw materials at stable
prices, access to credit for business development and cash flow, foreign
exchange, and good communications, a stable market, contacts with
potential overseas partners/licensers, access to market information,
assistance with product research and development, assistance with
production engineering etc.
Importers require a suitable competitive, commercial environment in
which to develop their businesses. This will include access to foreign
exchange at undistorted rates, foreign contacts, removal of any unfair
competition from the state, marketing assistance, and access to credit for
business and cash flow development. Apart from a future picture of the
private sector, other future situations must be specified.
Investment requirements-farm tools, machinery and equipment are
fundamental and essential inputs into the agricultural production process.
From an analysis of the current and past situation in the country, it should
be possible to make an assessment of the situation regarding the present and
future investment in these inputs (e.g. farm tools, farm machinery) and
whether the sub-sector is making sufficient investment to ensure future
levels of agricultural production. These figures can then be used to prepare
investment plans and projects.
In addition to this the role of the government will need to be clearly defined.
In general the traditional role of government has been in the following
areas:
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(a) Research and Development- Although in general this is best carried
out by the private sector because companies are in the best position to judge
what is best for their own particular business, research and development are
expensive and requires skills and expertise which may not be affordable by
developing businesses. It may therefore be necessary for governments to be
involved in R&D. However, if so this should be carried out in close cooperation with the private manufacturing sector to ensure that research and
development is closely linked with the identification of markets and
subsequent manufacture. Any R&D financed by government (or external
agencies) should in general be channeled through private companies.
Expertise required should be placed in the company itself. It is not
appropriate for governments to run public sector development workshops
because they tend to become isolated and with little connection to the
private sector.
(b) Testing of Farm Machinery is a very controversial subject and is a topic
which can itself be the subject of a workshop. In fact, AGSE has in the past
year run two, 5 day regional workshops on this important subject. The main
issue is whether governments are able to run a testing programme without
preventing the free development of the private sector and restricting the
choice which farmers should have available. AGSE has published two
Bulletins on this important subject (Reference is made here to two AGSE
Bulletins dealing with this subject: Bulletin 110 - Testing and evaluation of
agricultural machinery and equipment. 1994 (E,S). Bulletin 115 -Selection,
testing and evaluation of agricultural machines and equipment. 1995. (E, F,
S).
(c) Education, training and Extension - Governments should develop an
integrated and inter-linked education, training and extension programme.
The type and level of education and training will need to be geared towards
the requirements of the agricultural manufacturing and production sectors
(See AGSE Bulletins: 88/1.Agricultural engineering in development: Basic
blacksmithing: a training manual. 1992 (E,F,S). 88/2.Agricultural
engineering in development: Intermediate blacksmithing: a training manual.
1992 (E,S,F). 88/3.Agricultural engineering in development: Advanced
blacksmithing: a training manual. 1992 (E,F). 92.Agricultural engineering
in development: Human Resource Development Training and Education
Programmes. 1992 (E,F,S). ).
(d) Mechanization Departments-Ministry of Agriculture-With the
generally prevailing constraints to government spending, many individual
governments’ policies are to reduce the amount of national resources spent
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on the civil service and to remove from it all but the essential policy making
functions. Under such conditions, Mechanization Departments should be
primarily responsible for advice to the government on the formulation of
mechanization policy, strategy, and programmes for the development of the
total sector as outlined above, as well as the collection of data and statistics
and the dissemination of information. Once an overall strategy has been
defined, governments can easily identify components where resources are
required and where perhaps appropriate outside assistance is required
(f) Consumer Protection - the introduction of Laws and Regulations which
will protect the consumer. This should include safety regulations,
enforcement of contract law, introduction and enforcement of standards,
consumer information services, publication of test reports, protection
against unscrupulous commercial practices, consumer credit protection etc.
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Introduction
Conversations around “best bet” Conservation Agriculture (CA)-based crop
management practices and the “commercial availability” of suitable seeders
to implement CA practices continues to occur even after new tool-bar-based
multi-crop/multi-use equipment developed by the CIMMYT CA program
and various other types by many others around the world are readily
available. It is obvious that the search related to the identification of
commercially available and suitable seeders/implements will hopefully
result in the detection of the machinery that will provide the necessary
options that are required to implement the different, yet appropriate CAbased crop management practices that will be required to cope with the
different socio-economic, agro-climatic, soil, and production systems that
are encountered in the different countries associated with the
implementation of CA. These options will hopefully involve implements for
animal traction (like those from Brazil), for manual labour associated with
and seeders/jabbers or for use with 2-wheel tractors and low horsepower 4
wheel tractors. The following sections largely focus on seeders/implements,
which can allow the execution of different, pertinent CA-based seeding
practices with 2-wheel tractors. Additional comments relate to the use of 4wheel tractor technologies such as the zero tillage (ZT) drills and the Turbo
direct seeder.
However, bearing in mind we must constantly recognize that as part of the
farm mechanization effort, the use of 2-wheel tractors for other farm power
needs like; trailer transport and as a potential source of power for; threshing,
shelling, pumping, harvesting etc., must continually be accentuated in the
pursuit of farm mechanization.
249

Unfortunately, most 2-wheel tractors come with an attached rotovator, and
we have also seen a rapid rise in the use to the 4-wheel tractor rotovator
version in Bangladesh, it is the sincere hope of cropping systems
agronomist worldwide, that implementers of mechanisation will refrain
from an overt emphasis of the use of these rotovators, because to continue
would perpetuate unsustainable, conventionally tilled land preparation.
Replacing hand hoe-based land preparation or animal ploughing with the
rotovator, or even using 4-wheel tractors with rotovators/disc ploughs with
the rotovator mounted on 2-wheel tractors, which may provide a short-term
reduction in drudgery, will likely lead to long term, increased land
degradation. If so, the question arises, why replace one bad habit with
another bad habit if, with application of sound common sense, we can
hopefully move directly to suitable and more sustainable yet more
mechanized, CA-based crop management and sustainable intensification
practices. After all, CIMMYT’s global sustainable intensification program
involves the direct participation of the CIMMYT CA expertise and this
should mean that the seeding and crop management practices that are
developed and extended in Bangladesh emphasize the application of the 3
basic principles of CA as illustrated in the figure 1. Therefore, the use of
the rotovator, even one that comes attached to the 2-wheel tractor is going
the wrong direction, especially for rain-fed, upland, maize/legume
production systems. Agronomists should understand that extensive puddling
of soils for rice transplanting has obviously been the factor most responsible
to justify farmer adoption of 2-wheel tractors with rotovators in South and
Southeast Asia and China, but it does not mean we should remain with
convention with the introduction of new crops and cropping systems. In
fact, to be sustainable, high disturbance, soil inversion tillage practices must
be removed from all farming systems (Figure 1) especially in rice by
adopting zero till unpuddled transplanted rice.
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Figure 1. Application of management technologies to develop CA based
production systems

We are confronting two main issues – the first is associated with the actual,
real situation regarding what implements, are commercially available for
use with 2-wheel tractors and the second involves having a fairly clear
impression concerning what are or can be, the most useful/feasible CAbased crop establishment/management practices to apply for the various
crop production situations that will be faced in global mechanisation
activities by CIMMYT Int. It is essential to have a very clear idea of the
latter issue, that is, what are potentially the “best bet” CA-based
seeding/crop management practices (zero till on the flat with tine openers,
strip till on the flat, permanent raised beds with strip till or use of tine
openers or unpuddled transplanted rice, etc.) for the different production
situations that will be encountered, has the higher initial priority than
determining what seeders are commercially available. If we are unsure
about what “best bet” CA-based seeding/crop management practices may
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offer the best possibilities for given production situations, then trying to
make the apparently rather limited options for seeders that are
“commercially available” function for these different crop production
situations may be somewhat futile. Obviously these two issues (identifying
the appropriate CA-based technologies and identifying the best bet
implements) must be sorted out before we can travel too far down the
business model road. This obviously needs some empirical field work to
identify the best CA-based crop management practices to then guide us
towards the best 2-wheel tractor based implements.
Commercial Availability of Appropriate 2-Wheel Tractor CA-Based
Implements
The context of commercial availability is defined as 2-wheel tractor
seeders/implements that are being or can be manufactured in realistic
numbers with adequate quality and at feasible cost. Unfortunately, this list
is currently very small. The pictures included in this article, largely
summarise the extent of the list of potential “commercially available”
seeders for 2-wheel tractors that may function reasonable well in zero till
rain-fed, small-grains/maize/legume production systems. This list excludes
many seeding machines as they were designed for use in tilled soils, are
largely not robust enough and thus do not qualify as CA machines (Figure
1).
The Chinese made 2BG type seeder (Figure 2a) for use in CA as a strip-till
drill is very likely the most “commercially available” multi-crop seeder, but
the overall quality needs improvement, much of which is underway in
Bangladesh. These modifications include; significant changes to the strip
till blades to increase back fill, efficiency and row spacing adjustability,
precision seed meters (Figure 2 b), improved dog clutch control, fluted
roller adjustments, improved tine openers, individual press wheels and easy
to use calibration keys.
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a

Figure 2. (a) The Chinese made 2BG multi crop small grain seeder (b)
fitting inclined plate precision seed for large grains and legumes
on the 2BG multi-crop planter
The Chinese GY-2B6A strip till small grain seeder from Chengdu (Figure
3) has several improvements compared to the 2BG drill, i.e. the saddle-bag
style fertilizer/seed bins, implement lift through a hand operated lift system
and riding seat, but the factory is currently closed until early 2018, so it is
not currently “commercially available”. Although this machine was
manufactured in larger numbers before 2004, its adoption was limited to
Chengdu. The pivot bearings fitted on the drive support shafts make it
extremely versatility in its field operations, giving the ability to quickly and
manually raise the implements whilst turning and travelling.

Figure 3. The Chinese made GY-2B6A strip tiller seeder with implement
lift and ride on capability
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The Bangladesh fabricated versatile multi-crop planter (VMP) is set up for
strip-till seeding on flat fields (Figure 4) and earlier versions (Figure 5)
were also designed for permanent bed planting. The former was initially
developed by CIMMYT colleagues and partners a number of years ago, but
recently under an ACIAR project and private company support, it is
currently under production in Bangladesh, but production capacity remains
low, quality is high and it is costly by comparison to the PTOs. Due to
quality and robustness of components it is very heavy and around twice the
cost of the Chinese PTOS, but with the appropriate ballast on the front of
the tractor and an array of vertical plate precision meter options for multi
crops, it appears to operate very well (Figure 4).

Figure 5.

The Bangladeshi made VMP strip
till multi-crop planter

Figure 4. The angladesh
VMP strip till bed
planter

The Chinese and Indian turbo happy seeders were both developed under
ACIAR and CIMMYT funded projects over the last 6 years, although they
were well preceded by 4WT versions of the turbo direct seeders, often
called the “happy seeder”. These seeders are best suited to planting crops
following wheat and/or rice, where maximum residue is retained in the
field. The 2WT versions are as heavy as the VMP, however they are well
balanced by forward mounting the engine, as in the Chinese version, or by
adding significant counter weights, as for the Indian version. The Chinese
version (Figure 6a) also comes with a seat, whereas the Indian version has a
standing platform (Figure 6b). The Turbo seeder from China is
commercially available, although in small quantities. The Indian model has
been exported to Bangladesh, but commercial quantities are also limited.
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Many other relevant CA-based field implements besides these are being
identified by ongoing efforts in southern Asia and Eastern Africa, but as
indicated previously realistic options at present are limited, but fortunately
do offer alternative CA-based approaches.
CA-Based Crop Establishment and Crop Management Options
CA-based Strip Till Seeding
In general, the seeder that is currently commercially available compared to
all others is the Chinese made 2BG rotovator-based seeder. The main CAbased mode in which to use this seeder is with strip till seeding on the
“flat”, and this mode of operation has been successfully used in Bangladesh,
but almost entirely within the irrigated rice based system for seeding
different crops, including wheat, pulses, onion, garlic, jute maize and rice as
illustrated in figure 10. There will be many situations within most countries
where seeding on the flat with strip-till using the 2BG PTOS will be
feasible. However, maintenance of a level of realism regarding how
potentially robust the application of the 2BG seeder will be across the
variable crop production conditions throughout most countries is quite
essential.

Figure 10. PTOs operated in strip tiller mode

257

Almost all the experience to date using the 2BG seeder in the strip till mode
has been in irrigated rice based systems in Bangladesh, which are in the
main alluvial soils with essentially no stones. There are areas of heavy clay
where blade shape and the use of press wheels to close the planting slot are
essential for seed coverage and emergence. Throughout China, but mainly
in the irrigated and rainfed maize and wheat-based production systems of
the Yellow River basin, 2BG seeders are rarely used, as they favour small
20hp 4-wheel tractor systems. However, in the hilly regions of China, they
are often used for winter wheat and maize planting. Some 2WT planters are
used in the irrigated rice-wheat systems in southern China, but under all
systems it is never in strip-till mode.
The 2BG seeder has been extensively tested in Mexico in its strip-till mode
and it works well, especially for wheat, under irrigated conditions, but for
seeding wheat or maize by strip-till under rain-fed conditions into dry hard
soils, encountered extensive vibration and “pounding” of the standard knife
blades and configuration of same. This situation is being resolved in
Bangladesh by significant modifications to; blade design, shape,
configuration and rotation speed (Figure 11). Other problems observed
under rain-fed conditions with the 2BG seeder used as strip till are: 1) it
cannot handle abundant loose residue and plugging easily results; 2) the
presence of rocks is potentially a serious problem for strip till, obviating its
use in many cases; and 3) the fluted roller based seed delivery system,
which works fine for small grains like wheat, but the compartmentalized
section of the seed delivery system for maize and other large seeded crops
only allows the option of dropping different numbers of seed at a time, with
uneven distance between seed droppings.
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Figure 11. Flat and adjustable blades of the Bangladesh PTOS strip tiller
with individual press wheels.
However, in Bangladesh CIMMYT has totally modified the seed delivery
by adding an inclined plate system (Photo 9 below) or the vertical plate
system as on the VMP. Alternatively, Chinese manufacturers have opted
for finger type plates to singulate and meter maize seed to all their 2WT and
4WT range of seeders (Figure 9). These problems with the 2BG seeder are
the main reasons why in most parts of the world small land holder farmers
have opted for the tool-bar-based approach, but generally they have lower
rates of residue retention and much wider planting rows.
Figure 12 illustrates an Indian made (National Agro-Industrial) strip-till
drill with inclined plates. The inclined plate seed delivery system and the
inverted-T tines are well designed, but the ergonomics of its operation are
problematic due to the length of the machine, cramped seating position and
it is without furrow closing devices or press wheels.
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Figure 12. National agro industries Indian strip till drill with inverted T tine
openers and inclined plate seed meters
CA-Based Zero Till Seeding on the Flat
If the example of available Brazilian zero till seeders for large seeded crops
as shown in figure 7 and the ARC Gongli zero till tine along with the
Chinese maize seeders (Figure 8 and 9) are commercially available, then
where production conditions merit, the use of CA-based, zero till seeding
and crop management practices can potentially be developed and extended.
Rocks may be an issue to confront, but strategies to solve this will be
potentially easier for tine based zero till seeding than that for strip till
seeding with rotovator blades. Solutions like trip springs or shear pins with
the tines are potentially available. In Bangladesh, several zero till tine
prototype seeders were developed (Figure 13). However, the use of these
zero till drills in Bangladesh (mainly focused in rice-based systems) has
been very limited, since strip till seeding with the 2BG seeder has been
more feasible and pursued. Figure 14 shows an Indian made draw bar pulled
zero till seeder with inclined plates and a seat, which did not see much
actual field use.
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Figure 13. Early BARI and CIMMYT prototype development of tine based
seeders in Bangladesh

Figure 14. Indian made draw bar pulled zero till seeder with inclined
plates and a seat
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Observations made under the rain-fed maize-based situations show that the
machines cannot handle more than two (occasionally three) zero till tines
for seeding for dry hard soils, hence the Brazilian and Chinese designs in
Figures 7-9. With 4 or more zero till tines fitted in the BARI and CIMMYT
seeders (Figures 13 and 14) low-powered and small-mass 2WT, in rain-fed
dry soils during seeding in most countries could not operate. Also if there
are abundant loose residues present, then closely mounted tines can drag the
residues necessitating the need for cutting discs or trash cleaners in front of
the tine openers, similar to that in the Meka-Tech machines (Figure 9a).
These types of production conditions (abundant residue in rice and wheat
based systems) identified in India and China, where burning of residue from
8-12 ton/ha yields was common practice, were conducive to the
development for CA-based zero till seeding on the flat with the Turbo
Direct Seeder (Figure 6). These seeders were largely scaled down versions
of the very popular 4WT happy seeders in India and China. However, they
were purpose built implements to solve CA planting problems for very
small landholders in upland rice-wheat systems. Nevertheless, these
machines with multiple tines (>4) and flail choppers (Figure 15) have
traction difficulties in hard ZT soils of the arid Loess plateau under wheatlegume-maize systems.
The solution for China was a forward mounted, heavier 20HP engine with
larger diameter 16” wheels on hub extensions which provided more power
and increased traction. The redistribution of tractor weights and/or engine
forward of the axle was effective in increased tractive ability (10%) and
thus the ability to mount 4-5 planting tines. However, when the operator is
standing or seated on the machine this tractive advantage was lost.
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Figure 15. The Chinese built CIMMYT designed 20HP ZT turbo seeder 5
row used for planting wheat, field pea and maize on the Loess
plateau
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CA-based Permanent
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The use of CA-based permanent raised bed systems in Mexico has been
studied for more than 20 years. Initially the emphasis was on use of this
system for gravity irrigated wheat and maize based production systems with
the bed widths from furrow to furrow ranging from 65 to 90 cm depending
on conditions. The development of CA-based implements for these
permanent raised bed system that have a multi-crop and multi-use capability
as illustrated in Figure 16, (the same implement is easily reconfigured to
carry out each task illustrated below), so that farmers and service providers
can invest in a single implement and then add the appropriate tools etc. that
are needed for the production system/s that will be managed. After the
initial beds are made, the beds are reshaped seasonally (Figure 17),
normally by using a small shovel in the furrow as needed, but frequent
enough so that each time, minimal amounts of soil is moved in the
reshaping process (Figure 16a). No tillage (except strip tillage) is used on
top of the bed where the crops are planted, except for insertion of seed/band
fertilizer placement.
a

b

c

d

Figure 16. (a) Reshaping permanent beds; (b) Seeding 2 rows of wheat per
bed; (c) Seeding 1 row of maize per bed; (d) Post-emerge band
incorporation of N fertilizer band incorporation of basal fertilizer
on a bed with 75 cm furrow to furrow with reshaping/weeding.
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Some of the main comparative advantages/benefits we have found for
permanent raised beds are as follows:










Controlled traffic; all wheels/tires of the implements run in the
furrows, dramatically reducing soil compaction where crops are
seeded.
For irrigation, water use efficiency is increased as compared to flood
irrigation.
For rain-fed condition, placement of the crops on the beds markedly
reduces water logging problems associated with excessive rainfall
events.
Facilitates field access to carry out post emerge activities like postemerge banding of fertilizer (Figure 16a) or for post-emerge weed
control and/or bed reshaping (Figure 17 and 18).
Reduces crop lodging, especially for small grains like wheat.
Allows reductions in seed rates for most small grain and grain
legume crops

Two decades ago testing commenced on permanent raised beds under
rain-fed maize/bean and rain-fed small grain/maize systems in the
central highlands of Mexico, Western China (Figure 17) India and
Pakistan. Whilst working with farmers, following these rain-fed and
supplemented
irrigated
production
systems,
agronomists found that most
of these farmers displayed a
strong preference towards
adoption
of
CA-based
permanent raised beds as
compared to CA-based zero
till planting systems on the
flat. Many of these farmers
cited reasons for preferring
permanent raised beds which
were fully in line with the
Figure 17.Planting maize into standing
advantages
as
outlined
wheat stubble on permanent
above.
raised beds, cleaning furrows
and repairing beds in one pass
in NW China.
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In most situations using a Dong Feng 2-wheel tractor researchers developed
a tool bar for making beds as seen in figure 19. It was readily apparent that
depth control wheels were needed to insure that the furrows were not too
deep and the top of the beds were kept as flat as possible. The shovels used
in Figure 19a were the same as the one on the left of figure 19c. Trying to
use large winged lister type shovels as seen on the right in of figure 19c, are
normally not useful. The wingless shovel in the centre of figure 19c is very
useful for reshaping the permanent beds without causing too much
movement of soil out of the furrows, which is highly undesirable (see the
minimal soil disturbance occurring for bed reshaping in figure 17 and 18).
Figure 19d shows another system to reshape beds using two angled concave
discs for each furrow. Advantages of these are less draft requirement as
compared to a shovel and better performance in the presence of loose
residues. With shovels for reshaping, if there are high levels of loose
residue in the furrows, it is usually necessary to place a cutting disc in front
of the shovel.

Figure 18. Bed and furrow reshaping and inter row weed control on
permanent raised beds in the Mexican highlands

266

Figure 19. Bed and furrow reshaping and inter row weed control on
permanent raised beds in the Mexican highlands
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Figure 20a shows a bed maker/tine seeder for making and seeding fresh
beds that was made by Bangladesh trainees that attending the training
course in CIMMYT/Mexico. These implements have been used
commercially in Bangladesh for continuous fresh bed systems (new beds

a

b

c

d

Figure 20. (a) Bangladeshi designed tine/shovel bed planter; (b) First bed shaping/
seeding with a 2BG seeder set up to strip till; (c) Early prototype of a
bed former for making/seeding fresh beds by modified 2BG seeder in
Bangladesh. (d) Bed shaping/ seeding with a 2BG seeder set up to strip
till, 2 rows per bed after a used in CA courses in Mexico from 2002 2008.

made each crop cycle) for irrigated production systems. Figures 20b and20d
illustrate how the tines are attached behind strip till blades, but this was
only used for training purposes at CIMMYT Mexico from 2002 until about
2008. It was never commercialized, but Bangladesh scientists working with
CIMMYT scientists followed up on these innovations to build bed
maker/seeders, figure 20c. This was the first modified 2BG seeder set up to
make and sew seed in beds in one pass using strip tiller. The use of the
rotovator system for making new beds and reshaping permanent beds, as
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well as strip till seeding/fertilizing, work well in the irrigated rice-based
systems in Bangladesh. However, in Mexico and other parts of the world in
rain-fed maize and wheat based systems where CA is exclusively practiced,
these seeders have problems due to the presence of rocks and/or soils that
become very hard after a 4-6 month dry season. For this reason, CIMMYT
and others have embarked on the development of the multi-crop/multi-use
CA tool bar based tine seeder using inclined plates for seed distribution as
described below.
CIMMYT Multi-Crop/Multi-Use Tool Bar Based Tine Prototype
Implement
Figures 21-24 illustrate the prototype tool bar implements developed by the
CIMMYT Sustainable Intensification Program team in Mexico. It is
essentially a tined based machine for seeding/fertilizer placement, which
can be fitted with shovels or paired concave discs for bed reshaping. Depth
control wheels are adjustable for bed planting, they always run in the
bottom of the furrows and all other tools (tines, shovels etc. are also
adjustable. The implement can be set for zero till seeding on the flat or for
permanent raised beds, which will be the likely more common use for both
rain-fed and irrigated production conditions. Various versions have an
attachable seat and wheel for transport between fields (Figure 21). The
inclined plate system (Figure 22) has the potential of seeding any crop with
the appropriate plates. Early testing has demonstrated that the implement
functions very well, especially for rain-fed maize/legume systems, which
are important for small farmers in Mexico and south Asia. This machine
could be easily made by National Agro-Industrials in Ludhiana, India or
Bangladesh, if sufficient potential demand comes about for South Asia and
Africa.
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Figure 22. CIMMYT trailing tool bar with independent depth control,
air lift implement control with precision inclined plate
metering system.

Figure 21. –Inclined plate seed distribution system obtained from
Dr. Israil Hossain, BARI Bangladesh
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Figure 24. CIMMYT tine based maize tool bar with precision metering
and fluted roller fertilizer bin.

Figure 23. CIMMYT compact maize tool bar with inclined
plates and single front fertilizer coulter
The Bed planter in Bangladesh is a good system for continued fresh bed
seeding but it is not a CA-based practice and thus it has many weaknesses
for its use for permanent raised beds. To seasonally reform the beds, the
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wheels of the tractor will have to run on top of the beds and this will lead to
considerable potential compaction on the top of the beds when seeding in

Figure 25. Bangladeshi full tillage double fresh bed planter, based on
the 2BG PTOS. The wheels run on the beds and potential
the planting zone, and thus unsuitable for CA farming.
some soils.The main problem is that, when wheels are not in the furrows it
eliminates opportunities to enter the field for post-emerge operations, like;
bed reshaping, weeding in the furrows and applying post-emergent
fertilizer, which are integral parts of the overall crop management practices
that agricultural engineers should fully understand as a requirement to
design implements relevant for farmers and the best bet CA practices. It is
one thing to be able to make a machine to do something, but if it does not
meet common sense crop management practices, then why develop the
implement? The use of hub extenders, reversing the rims and fitting larger
diameter wheels would set the tractor wheels at 1.2 m apart to run in the
outside furrows, achieve higher ground clearance, enable post emergence
field operations, which is largely impossible for all other rotovator based
bed planters (Figure 25). Post-emerge field entrance is one of the very clear
advantages of the CIMMYT prototype (Figure 24) and other well-designed
bed planters.
In most systems the bed size is around 80cm, which is the track width of the
standard 2WT which has considerable limitations for small grain crops and
the time taken to plant a field on such a narrow width. Nevertheless, in
utilising beds, the field has moved into a system of controlled traffic with
permanent beds and wheel tracks. The work done by Bangladesh Agric.
Research Institute (BARI) and also the work done of Enamul Haque on the
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VMP are examples of such narrow bed planters in Bangladesh. The BARI
work involved modification of a standard 80 cm rotovator to make a bed
shaper/planter consisting of leaving the large outer rotovator blades in
position on the implement, and fitting smaller blades in the centre. Also
deflectors were fitted under the rotovator shield to deflect soil to the centre
of the bed. A firming bed roller is also fitted along with a seed and fertiliser
box to sow one or two rows on top of the bed at the same time. The seeds
are covered by the thrown soil, and firmed by the bed roller. However,
there is far too much soil disturbance (>25% of the machine width) using
this machine and thus it’s not applicable to CA. To conform to CA
principles, a PTOS strip tiller should be converted to a permanent bed
planter by adjusting the wheel track width etc. as described previously.

Figure 26. The BARI bed planter on 80cm wheel widths used for forming
seasonal fresh beds and seeding
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Is a trailing two row planter a viable alternative for 2WT
Most of the R&D effort for the last ten years with CA planters for 2WT has
been with mounted or semi-mounted seeders and planters as described
previously, which are either bolted to the transmission, or rigidly hitched to
the drawbar of the 2WT. The one major exception to this approach has
been the Fitarelli two row trailing planter (Figure 27), which is available in
disc or tine opener versions. Although in many situations it has been an

Figure 27. The Fitarelli draw bar mounted multi-crop seeder for 2 WT
excellent planter, this unit has only received limited acceptance for several
reasons.





Landed cost of these planters in many parts of the world is
expensive (US$ 4000).
Turning radius is too large for small fields.
Considerable effort is required to manually raise and lower the soil
engaging tools, which can tire the operator.
Seed and fertiliser metering systems are only average in
performance, and other superior systems are now available.
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Despite these shortcomings, the Fitarelli planter is always the most popular
unit at field demonstrations, and always receives favourable comments from
farmers and operators. Is it time to design and fabricate an improved version
of this planter? There is now considerable expertise in several countries for
the fabrication of the current group of mounted 2WT tool bar/planter
assemblies. Is it time to do a bit of ‘lateral thinking’ and make up a two
row planter, of the basic tool bar design, but with a drawbar fitted, a seat,
and support wheels on each side?
This planter can utilise the latest versions of the 12 cell vertical seed meters
from China, and also the latest fluted roller fertiliser meter assemblies. If a
simple ‘rope trip lift’ is also incorporated, and the planter made in Africa or
Asia, the challenges of manual lift and cost can also be addressed. A
seating arrangement would be incorporated. Ground contour following soil
engaging tools, as now being developed in the latest Gongli Africa model
would complete the picture. Possibly the challenge of decreased tractive
performance when using operator platforms on mounted planters would also
be alleviated. Fast travel between fields or farms would be retained.
The only real obstacle for this improved version is the large turning circle,
which would still be much bigger than any mounted or semi-mounted 2WT
seeder/planter. If a new planter of the proposed configuration was available,
would it be acceptable to farmers? One should bear in mind that it may not
suit very small fields. One such improved design is the single row trailed
Eden Equipment planter from South Africa (Figure 28). The planter was
originally designed for animal traction, but has now been modified to fit a
2WT.

Figure 28. Eden Equipment single row trailed planter, indicative price is
US$ 800-1000 (ex-works) depending on options nominated.
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This tine planter is fitted with a 12 cell vertical precision seed meter from
China. It also has an adjustable fluted roller fertiliser box. A cutting coulter
is available as an option and either a steel or semi-pneumatic rubber tyred
press/drive wheel is also available. An operator stand can be used if
required. There is also provision in the hitch for a full swivel, part swivel, or
rigid method of attachment to the 2WT. The pair of gauge wheels have a
quick release arrangement to change from operating mode (when the tine is
in the soil) to transport mode (when the tine is raised for transport).
Machinery and management for unpuddled rice transplanting for
Conservation Agriculture
Rice is most important crop in many S & SE Asian Countries which largely
occupies >80% of crop areas of these countries. However, rice is cultivated
in puddled soil which restricts the adoption of CA. Recently, research in
Bangladesh has shown that it is also possible to transplant rice into wetted
but unpuddled soils, following a strip tillage operation that leaves 60-70 %
of the soil surface undisturbed (Figure 29). Similar applied research in
China has demonstrated that a rice-wheat or rice-maize rotation under ZT
unpuddled transplanting (Figure 30a) is possible, utilising a turbo direct
seeder (Figure 30b) for winter wheat or maize planting, followed by
unpuddled transplanting of rice seedlings with a standard transplanter, into
standing wheat stubble (Figure 30a) or maize plant residue after the soil was
irrigated for 24 hours and drained.
Harvesters also play a crucial role in terms of residue management in this
and all CA farming systems. The cutter bars should be set to leave 20-30cm
of standing stubble (Figure 29) and chopped residue should be spread
uniformly across the width of the machine.
Machine management for compaction control
In scenarios such as these the application of CA principles has successfully
initiated sustainable farming, whereas the concurrent introduction of the
direct turbo seeder has facilitated the intensification of farming systems.
The final piece of the sustainable farming puzzle (besides good agronomic
principles) is compaction management, which is achieved through
permanently isolating all machine wheels to permanent wheel tracks or
furrows, commonly known as controlled traffic farming (CTF) (Figure 31).
A system where horsepower requirement for planting is reduced, water
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infiltration and storage is increased, water logging is reduced, soil structure
is markedly improved and GHG emissions from machines and the soil are
much less. Although well adapted by the small grain industry in Australia
in large farms it is well suited to small landholders, either as a flat system

Figure 29. (a) Zero till unpuddled rice transplanting into standing wheat
stubble after irrigating the field for 24 hours. (b) Planting wheat
with a Chinese made direct turbo seeder (happy seeder) into
standing rice stubble on the same day as the rice was harvested.
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Figure 30. Unpuddled rice transplanting utilizing the VMP strip tiller to
prepare the soil for transplanting with a standard transplanted.
(Enamul Haque: Murdoch University)

Figure 31. The concept of CTF where all equipment travel on the same
wheel tracks and where planting, chemical applications and
harvesting are multiples of the primary module.
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Figure 32. A controlled traffic farming system suited to small landholder in a
wheat-maize rotation. The harvester and all other farm operations
operate from the same permanent wheel tracks

Conclusions
The design and operation of farm mechanisation has a significant role to
play in conservation agriculture. Conventional tractors, be they 2 or 4 wheel
are not well designed for sustainable intensification, nor are they operated
in a manner that supports long term soil health. Conventional farming
equipment, especially tractors, have to be modified and operated differently
to apply CA principles. Planting equipment in the developed world is
routinely redesigned for zero tillage and maximum residue retention on the
soil surface, i.e. disturbing the soil to <25% of the width of the machines.
These machines open the soil just enough to plant the seed, place fertiliser
and maintain soil cover. Harvesters also play a crucial role in terms of
residue and compaction management in all CA farming systems. The cutter
bars should be set to leave 20-30cm of standing stubble and chopped
residue should be spread uniformly across the width of the machine.
Degraded poorly structured and compacted soils resulting from
conventional farming practices, increase the complexity of farming and
continued conventional farming practices exacerbate these complexities.
Hence the reason for more tillage, increasing inputs and increasing farm
power in conventional (tillage based) farming systems. If we are to intensify
farming to grow more food, make it easier, more profitable and ecological
friendly, we must develop and use machinery at scale, that conforms to
conservation agriculture principles and operate it under controlled traffic
farming conditions to; remove soil variability, improve soil health and
functionality and thus reduce all agricultural inputs.
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Background
Rural labor forces in many parts of South Asia, and in India and Bangladesh
particular, are moving out of agricultural to non-farm activities at fast
pace,specially more in the last two decades. As a result, the labor scarcity is
in increasing trend in many parts of rural India, specially for peak season
operation of major cereals such as paddy, wheat, and other crops. In the
structural transformation process in rural India, both structure and functions
of rural labor markets are also gradually changing process, and also with
increasing of labor wage rate in rural areas. All of these changes in rural
labor markets have led to increased demand for labor saving technologies
by farmers, including machinery technologies, chemical herbicides, and
even changes in cropping pattern - switching from labor intensive crops to
less labor intensive crops. This change in rural labor markets has also
provided an opportunity to the rural entrepreneurs and agri-business sectors
in many places to purchase farm machinery not only for uses on their own
farms, but also for renting them to allow farmers to earn profits.
As a result, not only large farmers, even medium and small farmers in many
parts of India have started to buy tractors and harvesters for uses of these
implements on their own farms as well use in rental services and to earn
additional income. In addition, large-scale private firms are also entering
into the rental services of farm machinery in rural India, by setting up
organized form of rental services center, also called as custom hiring service
center for agricultural machinery uses (or CHSC-AM) in areas with high
intensive farming. This change on structure of farming in the recent past is
due to additional business opportunity created in rural areas.
In this contest, the main purpose of this paper is to discuss and assess
innovations on rental market services of agricultural machinery uses in rural
India. More specifically, the paper first lists models of some of the major
schemes of Custom Hiring Services of Agricultural Machinery uses (CHS280

AM) commonly available in northern India. Then, it provides classification
of models of CHS-AM commonly available in India, and in the South Asia
region. The, the paper discusses some of the new initiatives and innovations
in service delivery and mode of operation of these schemes of CHS-AM.
Due to limited the scope and coverage of this brief note, this paper provides
list of various private sectors initiated and operated organized set up of
custom hiring service centers of agricultural machinery (CHSC-AM). Then,
the author’s conclusions and policy implications are presented at the last
section of the paper.
Overview on Rental Market Services of Agricultural Machinery Uses
Mechanization of farm operation is considered as an obvious solution to
save labor cost and sustain farming business in rural India, when the labor
scarcity is in rising trend across the regions. However, due to smallholding
farm size and fragmented holding, face pace diffusion of farm machinery
among smallholding farmers in India is a daunting task. Rental services, or
pay per use basis, of uses of farm machinery is more economical and
practical for promotion of costly and bulky machinery such as combine
harvesters, lessor land leveler, sugar cane harvesters, and so on. In India,
where over 80% of farmers are belonging to smallholding and marginal
farmers with less than 2 ha of landholding, farm mechanization means
basically using farm machinery technology under rental services, or under
custom hiring service provision. Since, except 1-2% of farmers, who belong
of large farm category, even a owning a tractor solely for own-farm uses is
economically not feasible investment for over 95% of the farmers in India.
As a result, in practice, almost all tractor owning farmers are also renting
out their tractors or farming as well non-farm uses within their villages or
nearby locations, to make the investment on tractor more economical and
logical one. For example, recently, a field study in Punjab state of India
reported that about 40% of the sample surveyed farmers were owning
tractor their own, whereas, all of the sample surveyed farmers were using
tractors for plowing and related other farm operations (Singh et al., 2013).
More or less, the same situation of wide spread use of rental service of
tractor and farm machinery is prevailing in all other parts of India,
Bangladesh, Sri Lanka, Pakistan, Nepal, and so on. In case of Nepal and
Bangladesh, mostly individual operated informal service provider (or
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farmer- to farmer) type of rental service of farm machinery use dominates
(Biggs and Justice, 2015). Likewise, more or less, individual service
providers, but a relatively large farmers and well-to-do farmers dominate
the rental market services of farm machinery uses in Pakistan and Sri
Lanka, who provides rental services of farm machinery in its spare time,
after completion of their use on farm operation of the large farmers (service
providers). Several organized forms of rental services of farm machinery
uses, and also with public private participation (PPP) mode of business
models are emerging in India in recent past, especially with a massive scale
of supply push from central government of India for farm machinery uses
across the country for increasing farm productivity and increasing farmers’
profitability, especially after 2013/142. Therefore, in this study, considering
we have focused exclusively the business models innovations in rental
market services exclusively for India. In fact, within countries in South
Asia, a separate study on such diverse sets of institutions of market services,
and innovations on business practices, is also outside of scope of a chapter
of this book. Since, that may need a large-scale of review and focus
comparative research across the countries for a longer period3.
Within India, there is a huge variation on availability of tractors, and tractor
uses across the states of India (Figure 1), also large parts (regions) of India,
where tractor density is very lower than that of the case in Punjab and
Haryana states (Figure 1). In fact, extend of farmers' depended upon rental
services of tractors and other farm machinery is even much higher than the
case in Punjab noted earlier (Figure 1).

2

There is a separate central government scheme as National Sub-Mission of Agricultural
Mechanization (SMAM) in India since 2014 to speed up farm machinery uses across all
regions of India, and with unified public supports on various aspects of technology,
financial subsidy for smallholding farmers to purchase machinery, and in setting up custom
hiring service centers in rural village to cater services to farmers residing in 5-6 nearby
villages.
3
Considering the growing importance of farm machinery uses in all countries in South Asia
specially after 2000, in fact SAARC secretariat may commission a separate longer
durationcomparative study on rental servicesand innovations on business model on farm
machinery uses across the eight countries in South Asia. Such research will provide very
high inputs in regional level policy formulations in agricultural and rural developments in
SAARC countries, and globally.
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Figure 1. Tractor density across the states of India in 2012 (No of tractor
per ha of Net Sown Crop Area)
Furthermore, farm machinery uses in India are confined largely for land
preparation and for harvesting of few major cereals such as paddy, wheat,
and maize. The level and intensity of uses of farm machineries and the
implements are far behind in India than in the case of other countries in
Southeast Asia, with similar level of income as that of India (Singh, 2015;
UNESCAP, 2014). The level and kinds of farm machinery uses in India
also hugely varies across the states (and regions), with lowest level of
machinery power use is in northeast and eastern India, and highest is in
north and western states of India such as Punjab, Haryana, and Gujarat. This
is clearly reflected also by the tractor density (No. of Tractor per 1000 ha of
Net Sown Crop Area or NSA) across the states of India in 2012, as shown
in figure 1.
The level and type of uses of farm machinery in India also greatly varies by
crop types, and by different operations within a crop (Table 1; and in
FICCI, 2015). For example, at all India level, the mechanization is higher
for paddy and wheat cultivation than that of other crops, except
transplanting of paddy (Table 1). Land ploughing and seedbed preparation
related operations of all major crops in India have been almost fully
mechanized, so the weed control and spraying of pesticides. This has been
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possible, largely through development of vibrant rental market services of
tractors and related other implements.
Table 1. Percentage of mechanization in India by major crops and by farm
operations, 2013
Sl. Crop
Seedbed
Sowing
Weed
Harvesting
No.
Preparation Planting /
and
&
Threshing
transplanting Pest
Control
1
Paddy
85-90
5-10
80-90
70-80
2
Wheat
90-95
80-90
70-80
80-90
3
Potato
90-95
80-90
80-90
70-80
4
Cotton
90-95
50-60
50-60
0
5
Maize
90-95
80-90
70-80
50-60
6
Gram
90-95
50-60
60-70
30-40
7
Sorghum
80-90
30-50
60-70
20-30
8
Millets
80-90
30-40
60-70
20-30
9
Oilseeds
80-90
30-40
60-80
20-30
10 Vegetables
70-80
5-10
80-90
<1
11 Horticultural
60-70
30-40
40-50
<1
crops
Source: FICCI, 2015; Country Presentation paper, Agricultural Machinery Manufacturers
Association (AMMA), India, October 2014.

However, when it comes to harvesting of coarse cereals (such as Sorghum,
Bajra (Pearl millet), pulses, and vegetables) the mechanization is almost at
negligible level or nil compared to the case of major cereals like wheat and
paddy (Table 1). Hence, a huge opportunity exists in India for speeding of
mechanization on harvesting of cotton (only 0% machine power uses now),
harvesting and threshing of pulses (<40% of machine uses), cultivation of
vegetable crops (<1%), and harvesting of other horticultural crops (<1%). In
fact, if level of mechanization does not speed up on these crops, then
farmers may lose comparative advantage4 of growing many of these crops
4

In fact, lack of mechanization of harvesting operation of pulses is one of the reasons for its
high production costs and farmers’ switching over to other crops from pulses. Some of the
previous studies have shown that simply adoption of mechanical harvester in chickpeas and
pigeon peas can save 30-40 persons days of labor costs per ha from harvesting and post
harvesting operation of these pulses.
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such as many of pulses and coarse cereals (Sorghum), which are at fast pace
declining trend in India. Speeding up machinery uses on these farm
operations also needs specialized and costly machinery implements such as
cotton picker, sugar cane harvester, vegetable pickers, and vegetable
planters. Uses of these bulky size machineries in the context of
smallholding farming in India are feasible only through development of
effective custom hiring services of these machinery uses.
During the last few years, not only in India, but the trend on farm
machinery use has been increased rapidly also in other countries in
Southeast and South Asia (CSAM, 2014).In addition to saving on the labor
cost, farm machinery uses also helps to increase crop productivity and farm
income by growing crops in timely fashions in a season, increasing
cropping intensity. In fact, farm mechanization is also critical component
within a management package of sustainable intensification of smallholding
agriculture, if scale appropriate technologies are adopted by the farmers. In
this process, policies that would enhance custom hiring services of
agricultural machinery are some of highest priority agenda of rural
development in India now, especially in recent few years, after initiation of
Sub Mission of Agricultural Machinery (SMAM).
In fact, scale appropriate uses of farm machinery by smallholding farmers
would also enhance the farmers’ level of resilience against various shocks
in agriculture, and farmers’ adaptability against the weather vagaries that
farmers often faces in the region. Thus, promoting of appropriate custom
hiring services of farm machinery has directly and indirectly huge
implications in increasing crop production and farm income through better
adaptation of smallholding farmers in the region against adverse impact of
weather fluctuations and climate changes related effects in the long-run.
Major Players on Custom Hiring Services
In early 1970s, public sectors operated CHS-AMs were started in many
places but they become economically not viable and were closed down in
almost all places, within few years of their operations. These public sectors
operated CHSC-AMs were not able to recover even operating costs of the
rental services of machineries provided to the farmers. However, due to
rising labor scarcity, especially in peak season of operation of several crops
285

such as rice, wheat, maize, sugarcane, and several other crops, and the
associated changes brought in structure and function of rural labor markets,
the situations have drastically changed in recent few years. As a result,
farmers across the regions have started to demand for various kinds of farm
machinery and labor saving technologies in agriculture, which was not the
case in India in early 1970s.
During the last two decades, structure and function of markets rental
services of farm machinery uses or Custom Hiring Services of Agricultural
Machinery uses in India have also changed, drastically. The rental service
schemes are being adapted to and refined to more sophisticated models, as
per the changing context of farming, access to technology, and dynamics of
change in rural labor markets. In addition to public sector agencies, private
tractor and implement traders, big corporations, bug business firms, and
individual entrepreneurs (start-up) are also constantly innovating new
business models of rental market services of farm machinery uses in India
over the recent few years. The new models of CHS-AM are increasingly
also using ITC and smartphone based apps for coordination of the services
demands for machinery from farmers, and lower transaction costs of doing
business.
Various innovations and new business models, with various modes of
operation with apps and internet based tools and technologies (apps based
service order booking and for coordinating farmers demands for
machineries) are also being adapted/tried in India, specially during the last
few years. The active engagements of private sector firms and implement
traders in establishing of CHSC-AM in many parts of the country, including
the informally organized farmer-to-farmer rental market services, have
contributed greatly in speeding of farm machinery uses, and modernization
of farms in operation in India. A new scheme of CHS-AM which provides
better services to farmers at efficient and low prices, in turn, would be
diffusing rapidly among the farmers and across the regions. This is a basic
of innovation in uses of any technology or business services.
During the last few years, organized forms of CHS-AMs have been set up
by private business companies, also as third party service providers, in
Punjab, Karnataka, Andhra Pradesh, Tamil Nadu, Odisha, and in other
states, with various modus operands. Many of them are also under Public
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Private Partnership (PPP) mode – with one time subsidy to entrepreneurs to
set up the custom hiring services center (CHSC-AM) in many places.
These schemes under PPP mode has to operate the scheme to recover its
operation costs and the investment costs on machinery. The popular method
of establishing CHSC-AM in Karnataka since middle of 2014 has adopted
PPP model of business model for providing public subsidy of about India
Rs. of 4.0 million from state government of Karnataka to private and NGOs
interested to set up Custom Hiring Services Center of Agricultural
machinery (CHSC-AM). In many cases, NGOs and private technical firm
have also involved in this business as a third party service providers.
Likewise, in some places, new CHSC-AM have been set up by private firm,
with a plan to recovery of full cost of investments on machinery, operation
costs and also to generate profit from the business operation of the rental
schemes (such as EM3 operation in MP, Zamindara farm solution operation
in Punjab state). Hence, there is huge variations exist across the states of
India in terms of establishment and operation of custom hiring service of
farm machineries.
However, limited information is available in the literature on how each of
the model of custom hiring service of farm machinery functions, what are
their value proposition and core competency, what are their business model
characteristics in provision of the rental services of farm machinery to
farmers. We have limited information on incentive mechanisms adopted by
each of these models of CHS-AMs to cater services to smallholding
farmers. We also do not know much on whether uniform services or
differential treatments of rental services are provided to heterogeneous
group of farmers. Very little is known on how a certain type of business
scheme of rental market services of farm machinery actually evolves in a
place, and determinants of evolution of certain specific models in a place.
For example, a particular model of CHS-AM emerges in a place depending
upon various locations–specific as well as external factors such as farm
machinery and agri-business policy context of a region. The locationspecific and determined by farming system and cropping systems adopted
in a place, agronomic practices followed, access to rural road and
infrastructures, machinery trading network and suppliers, availability of
skilled labor to operate and repair farm machinery, access to public rural
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credit to farming communities, etc. Details on these issues are in FAO,
2013; and in Bhattarai and Joshi (forthcoming).
In practice, various models of CHS-AMs are operating within a small area
of a village, each model serving to specific category of farmers. This is due
to vary heterogeneous demand for farm machinery by farmers, who are
growing different crop types as per variation of different local agro-farming
settings. For example, a typical farmer in Punjab state will be renting
rotovator from the primary Agricultural Cooperative operated CHSC-AM
located in nearby of his house. Then, since PACS operated CHSC-AM do
not provide services, so the farmer is also renting in tractor from his fellow
farmer (or fellow LSP) in the village to give drive power to rotavator. This
is then renting tractor without driver or along with driver. Likewise, for
harvesting of crops (paddy), the same farmer would be depended upon
another local entrepreneur in the village or outside (even a far distance
located entrepreneurs), who are providing rental services of combine
harvester in the village for harvesting paddy and wheat. For harvesting
operation as well, the farmer would be sing tractor to be hired from another
service provider within the village. Thus, different models of service
schemes (or models) of CHS-AMs co-evolve and co-exist within a village
due to very heterogeneous nature of demand of farm machinery among the
smallholding farmers in India. Thus, it is most common that in any typical
village in India, a farmer is renting in machinery from 3-4 different models
of CHS-AMs.
Most frequently found rental market services types (or business model types
of CHS-AMs) are listed below. This list is not exhaustive as innovations
and new initiatives, or new business models of the rental services are
constantly being adapted/tried across the India in these days. They are:
-

Individual farmer led CHS-AM (farm – to –farmer operating model)
Farmers group operated specialized machinery (sugar cane
harvester, cotton harvester)
Cooperative managed AM services (PACS operated CHS-AM in
Punjab)
Traders’ led CHS-AM
Individual entrepreneur operated CHS-AM(or Local Service
provider (LSP) operated scheme available widespread in India).
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-

-

CHS- AM set up under PPP mode (viz. the recently established
models in Karnataka and MP, Odisha states of India)
Non-profit group (NGO) supported CHS-AM ( SKRDP managed
scheme Karnataka)
Govt. supported/operated CHS-AM
Private business firm operated CHSC-AM (Zamindara farm
operated scheme, etc.)
Big Corporation business or Tractor company led CHS - AM (EM3
services, John Deere operated CHS-AMs, Mahindra & Mahindra –
TRINGGO, VST tillers, etc.).
New start –up companies for CHS-AM with app based solution (viz.
RAGVO, FARMART, etc.)

At present, informal model of farmer-to-farmer service (or individual
service provider, or LSP operated scheme) is the most widely adopted
model of rental market services of farm machinery across the states in India,
and so the case in large part of South Asia. The informal scheme has certain
advantage due to flexibility of the rental services, readily availability of
services at every corner of the rural areas, ease in service provisions. These
entrepreneurs (LSPs) have in fact contributed greatly in modernization of
overall agricultural production process with increased agricultural
productivity, and in deepening of machinery uses across the areas.
However, the full cost of operating of machinery services under these
individual LSP would be slightly higher due to limited number of
machinery owned by an individual entrepreneur (LSP), high interest cost of
capital invested for machinery, and an high opportunity cost of labor times
of the entrepreneur (LSP) operating the service over the time.
Therefore, in many parts of country, state governments have also started
active role in provisions of rental services of machinery to farmers,
specially after working of sub-commission of farm mechanization in India
in 12th five year plan. For example, Karnataka, Madhya Pradesh, Andhra
Pradesh, Odisha, and several other states have established organized mode
of CHSC-AM in each of the state, with Rs. 3-5 million of public subsidy
for establishment of a rental service center of farm machinery (CHSC-AM),
covering 3-4 surrounding villages. These service centers, which are
established under Public Private Partnership (PPP) mode for operating, the
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operational cost needs to be generated by the service providers from the fees
collected from farmers.
Recently, CHSC-AM established under PPP mode is gaining popular and
spreading faster pace even in interior rural areas of several of these states,
which helping for deepening farm machinery uses across the regions and
across the farming communities. Private sector (and even public bank) may
not give priority for investment on machinery in these areas in initial stage
of diffusions adoption and diffusions of farm technologies. In such context,
targeting of incentives on investment on machinery through PPP mode has
also ensured machinery uses to all members, including rural hinder-land.
In table 2, we have categorized different models of business schemes of
CHS-AM in table 2, based on the organizational structure set up, and
functioning of these business schemes. The names and information
provided in table are self-explanatory. Detailed description on each category
of CHS-AMs with illustration of example is outside scope of this paper.
Details are however available with the author.
Table 2.Major types of custom hiring services of agricultural machinery
uses in India.
I. Informal CHSAM or Individual
service provider

II. Semi- Formal CHSAM
(semi- organized services

III. Formal CHS – AM (or
organized service providers)

1 Individual farmer
(most widely
followed in all
villages in SA)

2.1 Implement traders –
supported scheme

3.1) Govt. Led CHS-AM

1a) Landlord
operated scheme

2.2 un-registered but
formal scheme of CHSAM

3.2) Farmers’ Cooperative
managed CHS- AM (Viz.
PAC managed CHS-AM in
Punjab)

1b) Service
Providers operated
(LSP)

a) Kerala – Food
Security Army ( by
KAU)

3.3 Intermediate (NGO) led
CHS-AM (SKRD-led CHSAM in Karnataka)

a) DOA- Ext- CHS-AM
b) Yantra Doot village
in MP
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1c) Development
Project supported
scheme (CSISA,
etc.).

b) Labor bank (green
bank), formed/facilitated
by Coops/SHG

3.4 Private Sector –
Corporate led CHS-AM
(Various players) are there ,
and it in increasing trend)

1d) NGOs
supported Service
schemes

c. Ngo supported rental
service. (Kudumbasree
groups in Kerala)

3.5. Startup – initiative for
CHS_AM with web based
service collection (RAGVO,
FARMART).

New Innovations and Private Sector Participation in Farm Rental
Services
The new initiative and innovation in rental service provision of farm
machinery are taking places in all over India. Not only public sector alone,
but public sector agencies, NGOs, and private sector firms are operating the
business operation of CHS-AM. To save space, we have illustrated only
major private sector5 led newly started initiatives and innovative scheme of
organized CHSC-AM providing rental service of machinery to farmers
across places in India. They are listed in table 3.
Table 3. Private sector led setting up of organized form of custom hiring
service center of agricultural machinery (CHSC-AM) in India.
Key Player
Location
Remarks&
Business
Model Types and value
propositions
1) Tata Farmers Services
Aligarh, UP
The services are provided
joint venture with John
Deere; profit is secured
from additional agrochemical sales, as well.
2) Yamaha – CHS-AM for Tamil Nadu & Demo of new implements,
rice transplanter
AP
and sale of more own
implements.
3) Coromandal Corp. in TN and in AP Profit from sale of more
South India
agro-chemical input
4). Escort Supported CHS – in A P
Tractor & attachments
5

Only brief information and of the new initiatives are provided in Table 3. The interested
readers can contact the author for detailed information in this respect.

291

AM
5) Zamindara Farm Solution- Fazilka
Punjab
Punjab

dist.

6) Mahindra & Mahindra Karnataka and
(TRINGO )
other states

7. UPL
sprayer

operated high tech Punjab
&
Haryanastate

8). E M3 Agri Services

Several
villages
in
MP state
9. New start-up venture with Operating in
app application for CHS-AMs Punjab state,
(Ravgo, FARMART, etc.)
stated
since
2016

sale and expanded market
size
Commission
from
additional services;
a)
Library system; & b) Taxi
system
Tractors and attachments
demonstration, and apps
based coordination of
service orders
Renting out advanced and
automated sprayer at
modest cost, profit from
more agro-inputs sale.
Profit from renting the
machines, service rate at
full cost recovery basis.
Adopting
commission
based business model for
rental service business.

Note: AP = Andhra Pradesh state, TN = Tamil Nadu state; and CHSC – AM = Custom
Hiring Services Center of Agricultural machinery Uses

Each service provider is also competing with each other for profit and aims
to provide better service quality, and so competes with other service
providers. Many of the entrepreneurs or service providers are not any more
the large farmers or rural entrepreneurs. Many of them are urban sector
entrepreneurs, or large-scale business firm initiated business of CHS-AM
working for good profit opportunity in the sector.
Recently, young technology oriented persons, engineer and agro-business
graduates, with entrepreneurial spirits, have also shown interest in rental
service of farm machinery and have started new models of CHS-AM for
providing improved service provisions to farmers, as startup business
schemes. For example, RAGVO and FARMAT are two recently launched
Start-up business companies in rural towns of Punjab state to provide a lowcost and more reliable rental service of farm machineries to smallholding
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farmers in Punjab state, using smart phone and web based tools to collect
service orders and linking service demanders with service providers.
Discussions and Implications
Development of vibrant rental market services of farm machinery has
facilitated smallholding farmers using costly farm machineries (such as
tractor, combine harvester, lesser land leveler). As a result, smallholding
farmers have not been left behind from reaping the benefits of these costly
farm machineries. For example, even costly combine harvester has been
effectively being used by many smallholding farmers of less than 1 ha of
land, due to its readily access from custom hiring service market. Extent of
uses of machinery by a typical farmer depends upon several factors such as
labor markets, cropping pattern, agrarian structures (land holding, rural
infrastructures), level of farm intensification, and access to market, etc.
Hence, no single model of rental services of farm machinery uses (CHSAM) is perfect and full proof for all conditions of farming systems. Rather,
each business model of CHS-AM has strength on some elements and few
weaknesses on another set of issues. Therefore, certain type of business
model of CHS-AM is best fitted for certain domains of farming systems
than others. Hence, at any place, a typical farmer is usually getting rental
services of machinery from three to four different models of service
providers of farm machinery (models of CHS-AM), including individual
service provider (LSP, or farmer-to-farmer service scheme).
In the past few years, private businesses firms have setup organize form of
CHS-AMs in many places of India, even without any funding supports from
the public sectors. This is a very encouraging trend for deepening of
machinery uses across the country; including interior rural areas where
density of machinery implements is historically very low. Unlike the cases
in earlier period in 1970s, even new startup businesses model of rental
services of farm machinery are also coming up at fast pace now for
providing services to farmers. Application of ITC and smart phone in rental
services schemes has substantially reduce cost of doing business, and also
created huge potential for involvement of several other players in this rental
services in the future. For example, Ravgo Company and FARMART
operated CHS-AM in selected districts of Punjab. Similarly, Zamindara
farm has already been working in expanding service provision of such
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private sector model of CHSC-AM in Fazilka district of Punjab for the last
5-6 years.
These private firms operated and organized forms of CHSC-AMs are
operating in full cost recovery basis, and with a reasonable profit margin to
the business operators. As ITC and smart phone type of mobile phone
penetrates in rural India, it is expected increasingly uses of mobile phone
apps technology in rental service models of CHS-AMs as well. These
technologies have facilitated immensely the service providers to aggregate
the service demand and effectively use farm machinery across wider
geographical areas with reduced transaction costs. These private sector
initiatives in providing rental service of machinery to farmers at lower costs
should be further supported by the public agencies in terms back end
subsidy of certain component of work with high public good qualities, or at
least lower cost of credit provision to such startup interested to uses apps
and internet technology to coordinate the demand and services.
At this moment, a vibrant revolution is taking place in innovative business
model of custom hiring services of agricultural machinery (CHS-AM) in
rural India, and new and new types of business models are being adapted
and tried by local entrepreneurs as well or large tractor and implement
trading business firms. This competition of better services and introduction
of apps and web based technology, penetration of internet and mobile
services in interior rural areas will ultimately lower cost of service provision
to smallholding farmers, and the business operation, as well. All of these
innovations in technology and in business operation, in turn, will also
ensure provision of farm machinery technology to smallholding farmers at
reduced costs and of better quality of services than now. More or less, the
same situation prevails in other countries in South Asia, as well. In sum, we
are only at an initial phase of learning curve of technology and services
provision to small farmers in India, and lots of innovations in this sector are
being adapted and pilot tested in the field by young entrepreneurs across the
regions of South Asia. We may need to document these grass root
innovations of individual entrepreneurs as well as organized sector
innovations of private and public agencies involved in development and
service provision of agricultural machinery uses.
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Background
The total area of agricultural land in South Asia is 2.7 million km2, which is
about 56.64% of total land. Not less than 50.36% of South Asian people
live from agriculture. The contribution of agricultural sector in total GDP is
about 40%. The South Asian climate is a big contributor toward the huge
agricultural production. South Asian monsoon is among several
geographically distributed global monsoons, which is economically very
important and generally continues every year from June to September. The
most staple crops in south Asia are wheat, rice, maize and potato. Currently,
these crops are being cultivated in around 14 million hectares area. Among
them, Rice production has grown about 320% in last five decades. The
overall prospect of agricultural sector in this region is very good, though
there are some challenges due to the climate change.
Current Status of Agricultural Mechanization in South Asia
Mechanization level of agricultural production
There are different stages in cultivation process. Soil preparation,
establishment, management (watering, weeding, fertilizing and spraying),
harvesting (including cutting, collecting and threshing/winnowing), drying
and storage are the main stage of whole cultivation process. Mechanization
plays a very important role to increase labor productivity and crop
production, and to decrease in crop losses. There are several challenges to
automate different stages of cultivation process. Poverty, along will small
household and field size, is the most critical of them. Another big reason is
the orthodox mind-set of people of this region that resist change. People
consider mechanization as an expense rather than investment.
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Utilization of agricultural machinery in agricultural production
Smaller machineries and equipments are more sustainable for cultivation in
South Asia due to small land size, unprotected land and less investment
capacity of farmers.The increased use of power-tiller and tractor to prepare
soil is playing an important role in South Asian agricultural sector. Paddy
transplantation and collection are basically mannual here.Thus, the whole
process causes physical damage of farmers, decrease productivilty and also
spoil the quality of the crops. That is why, thresher is now being used in
South Asia with threshing capacity of 2000kg/hour. After seperating the
paddy grains from the paddy stemsthrough the threshing drum, paddy grains
are cleaned through a radial fan. Then the paddy grains are collected in a
basket through a chute on a side of the thresher. As a result, it is possible to
collect more quality crops in less time. The rice threshers can be taken from
farms to farms easily for threshing because of its lightness.
Service Providers for Agricultural Mechanization in South Asia
Activity of agricultural mechanization service groups and formation
Every local company that produce and sell agricultural machinery are now
forming dedicated service group as an marketing strategy and due to
increased demand. These service groups provide different types of services
to the end users at different stages of cultivation, ranging from machinery
use in soil preparation to harvest handing. Most of the times, after sales
services are provided to the end users, i.e., farmers that motivates them to
influence other to buy new products. These service provider groups also
provide services to dealers and distributors of the agricultural machinery
products which are contributing toward expansion of distribution network.
That is why agricultural machinery business is becoming bigger and bigger
day by day.
Activities for extension in agricultural mechanization
Companies selling and distributing agricultural machinery are trying to train
the end users about the use of automation to increase productivity through
TV programs and commercials in print and TV media. Different
government and non- government organizations are also trying to raise
awareness regarding the use of machineries in cultivation process. But,
these initiatives are not enough for quick growth of this industry as farmers
298

residing in remote locations rarely have access to these types of media and
training programs. As a result, sometimes, production cost is being
increased due to misuse of the machinery.
Bank financing facilities for agricultural mechanization
Customer of agricultural machineries generally has low investment
capacity. So financing is very much important to increase the sell and use of
agricultural machineries. Commercial banks generally try to disburse a
small portion of their total loan portfolio in agricultural sector due to
limitations of funds, lack of mortgages and to avoid the risk of loan
defaults. However, companies are now providing installment facilities to the
customers, so that the customer can easily buy these products.
Activities of private
mechanization

sectors

in

south

Asia

for

agricultural

There are some research institutes and private corporations that are
researching on agricultural machineries. In Bangladesh, some pioneers areACI Limited, Chittagong builder’s Mercenary Ltd, Alim industries, the
metal and karnafuli in Bangladesh etc. Similarly, Escorts Institute of Farm
Mechanization (EIFM), Central Farm Machinery Training & Testing
Institute, Budni (M.P.) in India, Agricultural Mechanization Research
Institute Multan in Pakistan, Agricultural Machinery Center (AMC), Paro in
Bhutan. The institutes have researched and fabricated various machinery
and equipment for rice farming and processing such as Tractor, power tiller,
harvester, reaper, rice transplanter, drum seeders and rice threshers.
International distributor supplied agricultural machinery
Some international companies also participate in the market of agricultural
machinery in south Asia. These are Agro tech form Vietnam, WIN WIN,
Shifeng, Chaungfa, Jintan, Jingdong from China, Taro from Taiwan,
Dedong from South Korea. The machineries distributed by these companies
are mostly used for cultivation of crops such as rice, wheat, potato and
others. Prices of the machineries are quite high. To make the products
affordable companies producing agricultural machineries, sometimes merge
with local companies to locally produce the products which ultimately
reduce the production cost. In some countries the government also provide
subsidy to increase the use of automation in agricultural sector.
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Solutions for Mechanization Development of Agricultural Production
in South Asia
Agricultural mechanization machinery selection
For agricultural mechanization Machinery selection plays a very important
role. Selection rightly could increase efficiency and profit of the investment.
By wrong selection could cause huge losses for the investors and fails for
mechanization programs. Because agricultural farms in south Asia are
mostly small with fragmented land machinery for mechanization of the rice
farming must be small in size and light in weight to be more convenient and
efficient in their operations In compared with the traditionally manual
farming methods each machine or a group of machinery invested must bring
in higher profit and benefit to the farmers. Agricultural machinery for the
mechanization should be applicable as much as possible for multi-purposes
in the farming activities. Besides services for their own farm, the machinery
should be also used to provide services for neighbor farms in the region or
regions nearby. The machinery should be convenient and easy in use,
maintenance and repair for users.
Digitalization in use of machinery
Farmers can access through a mobile application to combine all the
necessary machines which will increase the production and utilize the
machine properly. By using this mobile application farmers can easily get
the details of the machineries such as- availability of the machine, cost
associated with it etc. Agricultural mechanization will be more sustainable
by using this application.
Investment in agricultural machinery
Agriculture is now highly dependent on modern equipment. In developing
countries, small farmers can hardly afford to buy equipments for their
farming activities. In most of the cases, we have seen that, farmers are
availing various agricultural equipments from dealers on credit or rent,
which is actually increasing their production cost. On the other hand,
interest rates on these types of credits are very high. So credit should be
given by private sectors in order to make available of agricultural
equipment for farmers. So, companies selling agricultural machinery and
the Government have a big role to play to increase the use of machineries in
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agricultural sector. Companies can offer instalment facilities with low
interest rates. On the other hand, the Government can take various
initiatives to cater the need of machinery for farmers. Providing subsidy in
agricultural machinery can be one of them. Moreover, government banks
should increase their lending facilities in this sector with low interest rate.
The Government can also encourage the private banks to extend more
amount of loan in this sector.
Mechanization service groups set up
To make agricultural mechanization sustainable, selling more and more
agricultural equipment is not enough. It is very important to train the
farmers about the use of machines. For that, service group plays an
important role. Establishment of service groups is very important for
providing services during sales and after sales. So that, the longivity of the
equipments can be ensured. This will ultimately increase the profit of
farmer and motivate them to increase the use of mechanization in
agricultural sector.
Farmer’s profit from application of mechanization in agricultural
farming
Application of machineries into farming can generate huge profit for both
service providers and farmers. Use of machines increase efficiency,
productivity and improve the quality of crops. The labor cost of manual
work will increase with each unit produced. On the other hand, farmers can
get more units of output by incurring a fixed cost while using machines.
Use of machines reduces cost drastically by producing more units of output
at lower cost, that ultimately increase farmer’s profit. Companies producing
and selling agricultural equipment are also earing handsome amount of
profit because of increasing demand.
Strengthening the agricultural extension system
For agricultural extension, the government and agricultural machinery
supplier company should strengthen their organizations and activities. It
should also conduct training courses for farmers, machinery operators and
service providers and organize demonstrations on agricultural machinery
more frequently.
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Assembling training courses
To increase operational efficiency of machinery it is very important to have
the Knowledge of agricultural production and machinery. Therefore,
farmers should participate in training courses on quality food, crop
establishment and management and agricultural mechanization. In addition,
machinery operators and mechanization service providers should be well
trained on mechanical techniques, operation skills, maintenance and repair
of agricultural machinery and business management etc.
Policies of government toward agricultural mechanization
The governments of most of the counties in South Asia have no separate
national policy on development of agricultural mechanization. It is high
time to make specific policies for this sector. Research is also very
important for flourishing mechanization in agricultural sector. Governments
can follow the models of countries like China, Japan, and South Korea for
developing this sector. Structured policies and research works can benefit
all the stakeholders associated with agricultural mechanization.
Conclusions
There are many challenges and constraints for the development of the
agricultural mechanization in South Asia such as low level of
mechanization, lack of skilled mechanics and machinery operators, a weak
service system for maintenance and repair of the machinery after purchase,
low capacity of investment in machinery, lack of national strategies and
appropriate policies for agricultural mechanization etc. However, this subcontinent has some strengths too. Favorable weather and soil quality are
two big plus points. Mechanization in agricultural sector has immense
possibilities in this subcontonent. A combined effort by all parties i.e.
farmers, machinery sellers and distributors, and governments can take this
sector to heights that will have a big impact on the overall economy of
South Asia.
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