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FOREWORD

Agricultural mechanization can play a vital role in helping small farmers increase
their total food production. Its primary goal is to encourage timeliness of
operations that will permit small farmers to take advantage of the potential of
modern varieties and of crop intensification.

Both national research organizations and IRRI have developed rices that produce
in 100 to 1 10 days a grain yield equal to or greater than that of traditional rice
varieties requiring 130 to 150 days. When this grain of 30 to 40 days due to
shortened growth duration is coupled with mechanization, which can reduce
turnaround time from about 4 weeks to as little as 1 week, time for growing an
additional crop is available.

Suitable agricultural engineering technologies make possible crop intensification
by performing promptly such operations as land preparation, threshing, and
planting, thereby markedly reducing turnaround time between the harvest of one
crop and the planting of the subsequent crop. Proper engineering techniques for
in-soil placement of chemicals can also increase the crop production efficiency of
fertilizers and pesticides. Likewise, low-cost pumps can provide supplemental
irrigation during periods of critically low soil moisture.

In recent years emphasis has been placed on the tailoring of agricultural
engineering technology to local farming needs and industrial capabilities. Engineers
have also become more sensitive to potential problems of labor displacement. The
Agricultural Engineering program of the International Rice Research Institute has
developed during the past decade a range of designs matched specifically to the
small farm environment of developing countries. More recently, resources have
been allocated to the development of a suitable mechanism for the transfer of the
developed technology to local manufacturers in countries where such technology is
to be used.

This Industrial Extension Workshop was convened at IRRI to discuss the results
of an intensified technology transfer effort initiated in 1974 and to suggest means
for improving the program. Agricultural engineers, manufacturers, and scientists
from 16 countries with a broad range of interest in manufacturing, engineering
research and development, and the economic and sociological aspects of farm
mechanization participated in the deliberations. Along with the broad consensus
that industrial extension is an indispensable element in the IRRI small farm
machinery development program, specific recommendations to improve the delivery
system were made. Several recommendations were subsequently incorporated into
the extension activities of the IRRI program.
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In workshop discussions, significant differences were noted in the level and
composition of mechanization in different nations and in the means available to
translate basic design information into viable, low-cost, locally produced machines
which are widely accepted by farmers. Strengthening of national institutions and
expanding the capabilities for research and development of agricultural machinery
for small-scale farmers and for extension of the technology to the local
manufacturing sector in those countries participating in the small machinery
network were identified as priority areas. A clearer set of guidelines was also
developed to direct the efforts of the IRRI farm machinery program and national
institutions.

The strong support expressed by the workshop participants for the IRRI
program and the small machinery network suggested that many opportunities exist
to improve the efficiency and effectiveness of the IRRI program through a
continuing exchange of information and ideas with agricultural engineers, scientists,
and institutions involved in similar work.

N.C. BRADY
Director General, IRRI
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Goal is to help rice farmers
get suitable equipment

Network of projects
extends to 10 countries

Provides opportunity to
test and improve
technology under local
conditions

IRRI FARM MACHINERY DEVELOPMENT
PROGRAM NETWORK

The Agricultural Engineering Department
participates in IRRI"s effort to increase world
rice production. The Engineering program helps
small to medium size rice farmers in the
developing countries obtain improved agricultural
equipment that is technically and economically
suited to local needs. These machines can
contribute to increased food production through
increased yields, reductions in field and
post-production losses, increased cropping
intensity, and improvement in quality and value
of agricultural products. Appropriate machines
can also reduce costs - a direct benefit to the
low-income rice consumer.

Organization

A network of 11 formal collaborative
projects with organizations in 10 countries
outside the Philippines extends this help to
farmers through the local farm machinery industry.
A basic tenet of the program is that mechanization
based on local production conserves foreign
exchange, expands opportunities in rural-based
industries, strengthens linkages between
agriculture and other sectors of the economy,
and enhances training opportunities in small-
scale manufacturing.

The core program in the Philippines has
continued to focus its attention on research and
development activities that cannot be effectively
carried out by the network cooperators because
of limited staff and resources.

The know-how developed by IRRI is transferred
to the network cooperators, who are in a better
position to test and improve the technology under
local conditions before passing it on to local
cooperating manufacturers. It is clearly
impossible for the core program to develop
machines that are suited to the wide range of
conditions found in all developing countries, but
feedback from the network has helped greatly in
assigning project priorities and identifying
problem areas of widespread significance.
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The flow of information between |RRI and
Information interchange networ k nenbers is mai ntained through a periodic
and training are part of exchange of progress reports and newsletters.
program | n addition, personal correspondence and visits
are used to conmunicate nore |ocation specific
information. [|RRl holds a 2-week training course
on the design, operations, and mai ntenance of
| RRI - desi gned machi nes tw ce each year for the
staff of network cooperators and cooperating
manuf act urers.

Funding

Network projects fall into two categories -
Industrial extensionis USAI D funded i ndustrial extension projects and
funded by USAID and | RRI core budget funded industrial extension
IRRI subcontracts. There is a difference in the scope

and | evel of funding for these two types of

projects. The USAID projects are staffed by

teans | ocated i n Paki stan, Thail and, and the

Phi |l i ppi nes. Each teamconsistsof an | RRI

i ndustrial extension engi neer and about six

direct hire support staff.

IRRI's machi nery devel opnent programwas
Public or private funded by USAID until the end of 1974 when support
in-country organizations Was shifted to IRRI's core budget. |RRI's contract
host subcontract projects Wi th USAI D permtted subcontracting of extension
projects in countries outside the Philippines,
and the term " subcontract™is still used even
t hough these snall extension projects are now
core-funded. The subcontract projects are hosted
by public or private in-country organi zations that
have objectives congruent with those of IRRI's
machi nery devel opment program Modest funding is
provided to support the execution of the project
by suppl ementing sal aries, travel expenses, and
direct costs. Overhead and admi nistrative
expenses are usual ly absorbed by the cooperating
organi zati on.

Projects

The projects in Pakistan and Thail and are
Pakistan and Thailand col | aborative and have several support staff from
projects give technical the counterpart organi zations participating in
assistance to neighboring project activities. These programs are regional
countries and provi de technical assistance to nei ghboring
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Philippines extension team
backstops others with
technical and logistic

support

Subcontract programs aid
in local manufacture of
IRRI-designed machines

countries. Their basic objectiveis to identify
manufacturers that are interested in producing

| RRI - desi gnednmachi nes and to provide themwth
technical support. As a part of these basic
activities, the project staff conducts econonic
and mar ket eval uation studies to determ ne which
machi nes offer the greatest potential for adoption
conducts tests to determ ne the perfornmance of

| RRI - desi gned machi nes under |ocal conditions so
that adaptive design and devel opnent can be
performed as needed, and provi des busi ness and
managenent gui dance to manufacturers entering
production with | RRI -desi gned nmachi nes.

Li ke the extension teams in Pakistan and
Thai l and, the project in the Philippines pronotes
use of | RRI-designed machi nes and provi des
t echni cal assistance to | ocal manufacturers, but
it also serves in two additional roles. The
extension teamin the Philippines backstops the
other two extension teans with technical and
| ogistic support. A third area of responsibility
is to manage the I RRI core budget-supported
subcontract prograns and other industria
extension-rel ated efforts not handl ed by extension
teans in Pakistan and Thail and. The Phili ppi ne
I ndustrial Extension Programis oriented toward
provi di ng techni cal assistance to nanufacturers
since the continuing efforts of IRRI Machinery
Devel opmrent Programstaff preclude the need for
as much pronotion and product adoption as in
Paki st an and Thai | and.

The obj ective of the subcontract prograns
are to pronote and assi st the | ocal manufacture
and mar keting of | RRI-designed nmachines, to test
and eval uate the performance of these machines
under | ocal conditions, to encourage adaptive
and applied research on problens related to
agricul tural nmechani zation, and to foster the
exchange of information dealing with agricultura
machi nery.

Unfunded |inkages have al so been devel oped
with several organizations in Asia, Africa, and
Latin Anerica. As in the case of subcontract
projects, organizations with interests in
pronoting the use of appropriate snmall scale
machi nes is involved. Typically, one staff
menber of the cooperating organi zati on works
on a time-available basis in assisting IRRI's
industrial extensionefforts
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STATUS OF AGRICULTURAL MECHANIZATION IN BANGLADESH

L. MERRICK LOCKWOOD

ADVISER, APPROPRIATE AGRICULTURAL TECHNOLOGY CELL
BANGLADESH AGRICULTURAL RESEARCH COUNCIL
130-B ROAD 1, DHANMANDI, DACCA, BANGLADESH

SUMMARY

In Bangladesh most agricultural operations are carried
out using traditional implements and methods which do

not rely on mechanization. Mechanization is most evident
in irrigation technology where low-lift pumps and shallow
and deep tube wells are being introduced on a wide scale
to provide water during the dry season for an additional
crop. A second area where mechanization is having a
significant impact is in the rice processing industry
where manual methods of rice processing are being replaced
gradually by mechanized equipment.

Problems that must be dealt with when introducing
mechanization at the farm level are the small land holdings
(typically less than | ha), problems in organizing
cooperatives to share equipment, and development of the
infrastracture necessary to supply spare parts and
maintenance for equipment.

Bangladesh has abundant resources in its industrial
sector to manufacture equipment, and there are a number
of organizations and institutions for research and
development. Clear guidelines are needed, however,
regarding the best choice of technology and methods of
bringing these to the farmer in an integrated system
that provides the necessary support in the form of
training, maintenance, and supply of spare parts.

INTRODUCTION

Bangl adesh is a fertile, alluvial flood plain w th an
ext ensi ve network of nore than 24,300 kmof rivers, streans, and
canals formed by the river systens of the Ganges, Brahmaputra,
and Surma. O the total area of 14 mllion ha, 9 nmllion are
cultivated, with rice being grown on 7 mllion.

The climate of Bangl adesh during the sumer is warmand

humi d while the winter is cool and dry. During summer, nonsoon
rains and nelting snow fromfar upstreamcause the rivers to
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swell and overflow. Usually one-third of the | and area becones
flooded during this tine.

I n Bangl adesh there is a wide variation in cropping
practices; however, for rice three major cropping seasons can
be identified.

The aus crop is broadcast sown sonetinme during March to
May and is rain fed. Harvesting is carried out fromJune to
August. Yields of this crop are | ow conpared with the other
two seasons.

The aman crop is presently the major rice crop of Bangl adesh.
Aman rice is transplanted after the aus harvest. Aman harvest
takes place fromCctober to January.

The boro crop is grown in the dry season and depends upon
irrigation. Traditionally, boro rice has been grown in | ow
lying areas where the water table is high enough to allow
manual irrigation of small areas. A nmgjor thrust in agricultural
devel opnent in Bangl adesh has been the introduction of mechanized
irrigation prograns that are bringing |large areas of |and under
cultivation which previously remai ned unused during the dry
season.

Besides rice there are several other crops of inmportance in
Bangl adesh. Jute, which is the major export of Bangl adesh, is
pl anted on about 0.5 million ha. Tea, another inportant export
conmodity, is planted on about 0.03 million ha, about 0.16

mllion ha of sugarcane are planted, and 0.2 nmillion of vegetables.
Cul tivation of wheat is expanding and now totals about 0.16
mllion ha during the dry season; other winter crops are oil seeds,

pul ses, and | egunes.

Irrigation has expanded rapidly over the past fewyears.
In 1975-76 it was estimated that about 1 million ha (11% of
the total rice area) were irrigated. Cropping intensity for
riceis 1.47.

Bangl adesh i s popul ated by about 500 peopl e per square
kil ometer. Qut of a total population of about 70 million in
1974, it was estimated that about 91%lived in rural areas.
And of a total labor force of about 25 million, agricultural
| abor accounted for about 14 million or 56% (Census Commi ssion
1974).

Size of individual farns is small. Over 50%of the farns

are less than 1 ha and over 95%are |l ess than 5 ha (Bureau of
Statistics, 1972).
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CURRENT STATUS OF MECHANIZATION

Most agricul tural operations in Bangl adesh use traditional
nmet hods that rely on nmanual |abor or animal power. Only in the
cases of irrigation and rice processing has there been a significant
i mpact frommechani zati on.

Land preparation

Virtually all land preparation is carried out with bull ock—
drawn pl ows. Subsequent operations use bul |l ock—drawn or manual
equi pnment for pulverizing and leveling the soil. Over the years

di fferent prograns have been introduced to i nprove |ocal inplenents
or to introduce nmechani zed nethods. To the present these have
not had a significant inpact in other than isol ated areas.

The first concerted effort to introduce and eval uate
nmechani zed cul tivation was by the Bangl adesh Agri cul tural
Devel opnent Corporation (BADC). After the cyclone of 1970, BADC
procured 125 tractors and 569 power tillers under the energency
Agricultural Rehabilitation Programin the cycl one—affected areas.
This programwas directed at solving an i medi ate probl emand
there were no | ong-termobjectives regarding strategy and | ong—
termeval uati on of the inpact of the equi pnent.

BADC drew up a pilot project after liberation to assess the
feasibility of nechanization in sel ected areas of the country.
Seventeen tractors and 79 power tillers were distributed in units
of four or five each.

A third scheme for nechani zed cultivation in war-affected
area's was drawn up in July of 1972. This plan provided 500 tractors
and 750 power tillers for enmergency agricultural rehabilitation in
war —af f ect ed border areas and fl ood-affected areas of Syl het
district. After repeatedly revising this schene it was decided to
sell the tractors and power tillers to the private sector.

Besi des the efforts by BADC and ot her institutions and agencies
of the Bangl adesh governnment, a nunber of foreign organizations
have experinented with the use of tractors, power tillers, and
i mproved bul | ock—drawn i npl enments. These are scattered efforts
and can not, as yet, formthe basis for nmajor policy decisions in
thi s area.

A basi c problemencountered by the different prograns has
been the difficulty of setting up training, maintenance, and parts
supply systens. For this reason none of the prograns have yet
been able to maintain working equipnent inthe field for a
significant period.
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Planting and transplanting

Pl anting and transplanting are al nbst excl usively manual
operations. Sone light, manually operated seed drills are
manuf actured in Bangl adesh but they do not find wi despread use.
There is interest in finding a suitable seed drill that could be
used for rice (aus), wheat, and jute.

Irrigation

Most of the planning efforts in agricultural nechanization
have been focused on irrigation. A variety of program have been
devel oped to provide farmers with water needed to grow additional
crops during the dry season. Several irrigation projects under
t he Bangl adesh Wat er Devel opnent Board control the ground water
level in large tracts of |and covering thousands of hectares.

I'n one project (Dacca-Narayanganj-Denra), water is gravity fed
fromcanals to the fields, while in others (Ganges-Kobadak,
Chandpur) water is lifted fromthe canals with punps.

The Bangl adesh Agricul tural Devel opnent Corporation has
been in charge of a schene for introducing deep tube wells and
lowlift punps of 2 cusec capacity for use by farnmer cooperatives.
Probl ens in organi zing | arge cooperatives to provide the necessary
mai nt enance, distribute the water equitably, and ensure tinely
paynents for the equi prent have led to a shift in interest to
smaller irrigation units. It is expected there will be rapid
expansion in the use of 1/2 cusec punps powered by 5 to 6 hp
di esel engines both as lowlift punps and for shal |l ow tube wells.

In spite of the problens encountered in selecting and
i ntroduci ng technology for irrigation, there has been a steady
expansion in this area of agricultural nechanization. Table 1
gives a districtw se breakdown of use of lowlift punps, shallow
tube wells, and deep tubewells in 1975 (Mnistry of Agriculture,
1976).

Manual Iy operated shall ow tube wells for irrigation (MOSTI)
have al so expanded in use within the past fewyears. Hannah
(1976) points out that MOSTI have been in use in Bangl adesh for
years and that in the 1975-76 dry season 36, 000 MOSTI were used
toirrigate 8,000 ha, which is 15%of the area irrigated by other
ground wat er technol ogi es. Hannah al so gives details of the
distribution of MOSTI in Bangl adesh (Table 2).

Al t hough consi derabl e attenti on has been given to the
devel opnent of inproved manual |y operated punps for irrigation,
farmers have adopted the standard Nunber 6 cast-iron punp that
is commonly used in different parts of the country to punp
drinki ng wat er.
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Table 1. Distribution of lowlift punps (LLP), shallow
tube wells (STW, and deep tube wells (DTW for

1975.

District LLP STW DTW
1. Dinajpur 420 247 96
2.  Khul na 986 221 5
3. Bogra 836 690 120
4. Rangpur 939 208 146
5. Mnensingh 5, 609 377 707
6. Rajshahi 1, 557 235 162
7. Jessore 588 212 273
8. Chittagong H. T. 333 - -
9. Barisal 3,762 23 ‘

10. Dacca 3,823 261 455

11. Syl het 3,852 5 4

12. Pabna 857 189 101

13. Faridpur 1,643 116 84

14. Kushtia 339 14 138

15. Noakhal i 1,153 - 61

16. Comlla 3,574 185 575

17. Chittagong 3,162 24 40

18. Tangail 980 252 357

19. Patuakhali 1,163 - -

Tot al 35,576 3, 386 3,324

Weedi ng

Weeding is perfornmed primarily with traditional hand
i mpl enents produced by local artisans. An effort has been made
to introduce a rotary, hand-pushed weeder for use in row pl anted
rice fields. This design, which originally fromJapan, has been
adopted to a limted extent in one or two areas of Bangl adesh
but has not yet nade a significant inpact on the country.

Crop protection
Pestici des are procured and supplied through governnment
channels up to the retail level in the village. Manually

oper at ed back pack sprayers €or applying pesticides are both
i mported and made | ocal ly.
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Tabl e 2. Location of manual |y operated shallow tube wells
for irrigation by districts as of April 1976.

District Nunber
1. Dinajpur 816
2. Rangpur 2,665
3. Bogra 13, 879
4. Rajshabhi 984
5. Pabna 220
6. Kushtia 383
7. Jessore 257
8. Khul na 25
9. Faridpur 2

10. Dacca 2,060

11. Tangail 286

12. Mynensi ngh 12,954

13. Noakhali 30

14. Chittagong 1,500

Tot al 36, 061

Harvesting and threshing

Hand harvesting with sickles nade by |ocal blacksniths is
conmon. Threshing is handl ed using a conbi nati on of hand beati ng
and treading with cattle. Japanese-type pedal threshers are
manufactured by a fewlocal firns and are in limted use in a
fewareas, but there is not a | arge demand for these machi nes.

Drying

Cereal grains as well as other agricultural conmodities are
dried by spreading themin the sun. Mechanical drying of
agricultural comodities is al nbst nonexistent. There is keen
interest in developing this capability to cope with increasing
yields (and thus increasing dryi ng demands) of the boro and aus
crops which are harvested during the wet period. Omers of the
larger rice mlls are also anxious to obtain dryers so they can
avoi d the usual necessity of closing the mills for 2 to 3 nonths
in the rainy season due to |ack of sun for drying after parboiling.
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Processing

O the nore than 10 million tons of paddy produced in
Bangl adesh annual ly, an estimated 80%to 90%or nore is processed
manual |y with dhenkis (foot operated nortar and pestle) by wonen

inrural househol ds. In recent years sone of this rural processing
has shifted to small " Engleberg”" mlls with approxi mate capacities
of 1/4 t/h.

Ri ce consuned in urban areas and that for ration shops is
processed mainly in major mlls. These mlls typically have
capacities of 1 to 2 t/h; however nost use the sane Engl eberg
huski ng machines as the smaller rural mills. Wile huskingmlls
in rural areas do not undertake parboiling, the mpjor mlls
include it in their processing. Mjor mlls and husking mlls both
make extensive use of manual |abor for grain handling. Table 3
gives a districtw se breakdown of these two types of mlling
t echni ques i n Bangl adesh.

Table 3. Distribution of rice mlls in Bangl adesh.

District Husking mlls Major mlls
1. Dinajpur 360 40
2.  Khul na 423 15
3. Bogra 413 7
4.  Rangpur 308 6
5.  Mnensi ngh 308 5
6. Raj shabhi 427 7
7. Jessore 440 -
8. Chittagong H T. 71 -
9. Barisal 443

10. Dacca 308 7

11. Syl het 924 24

12. Pabna 305 -

13. Faridpur 291 1

14. Kushtia 227 -

15. Noakhal i 508 1

16. Conmilla 329 1

17. Chittagong 1,138 21

18. Tangai l 119 -

19. Patuakhali 70 1

Tot al 7,472 138

International Agricultural Machinery Workshop

7



LOCAL MANUFACTURE OF AGRICULTURAL EQUIPMENT

Local artisans

Virtually all present agricultural inplenment needs of
farmers in Bangl adesh are net by local artisans, such as blacksmths
and carpenters. Hi gher quality nmetal tools for digging and cutting
are available fromshops in towns and cities if the farner is
willing to pay the higher cost. These inplenents are either
imported or manufactured locally in nore capital intensive
facilities.

Small rural and urban workshops

Cities, towns, and many villages have wor kshops that provide
mai ntenance and repair facilities. They can al so manufacture
spare parts for notor vehicles and industrial equipnent such as
rice and oil mills. In the larger urban centers there exists a
much wi der range of industries. Their maintenance needs are net
by a nultitude of small workshops equi pped with | athes, drill
presses, wel ding equi pnent, and in many cases nore sophisticated
equi pnrent such as m|ling machi nes and shapers.

Manufacturers

Most of the larger cities of Bangl adesh have netal working
firms equipped with foundries and machi ne shops which are capabl e
of producing a variety of products fromcastings and stock nmaterial.

Large-scale industries

The Bangl adesh Machi ne Tool Factory is being devel oped to
supply machine tools for the needs of the country. It is
expected this factory will also produce a wi de range of other
products, including hand tools and agricultural inplenments. It
wi Il have the necessary tooling to produce high quality castings,
forgings, and precision machi ned parts whi ch woul d ot herw se
have to be inported.

A sister concern of the Machine Tool Factory is the
Bangl adesh Di esel Plant, which currently assenbl es Deutz
engines. Plans are to gradually shift to | ocal manufacture of
up to 70% of these engines. So far nost of the engines are
used in the irrigation programof the Bangl adesh Agri cultural
Devel opnent Cor porati on.
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Manuf acture of agricultural equi pnent at present

Punps. Most centrifugal punps used with lowlift punps
and shal |l ow tube wells are manufactured by local firnms (Bangl adesh
Machi ne Tool Factory, KSB Punps Ltd., Ittefaq Industrial Corp.
and several small manufacturers). In the near future it is
likely that the turbine punps used in deep tube wells will also
be manufactured indigenously. A nunber of |arge and small
manuf acturers produce the cast iron punps used for drinking
wat er tube wells and MOSTI.

Engines. One firm (lttefaq Industrial Corporation) nanufactures
the sl ow speed engi nes comonly used to power rice mlls, oil mlls,
and sawmills in rural areas where electricity is not avail able.

M 11 equipnment. A nunber of |ocal manufacturers produce
conponents or conplete mlls for processing rice, pulses, oilseeds,
and fl our.

Smal | agricultural inplenments. The introduction of sinple
agricul tural inplenments such as pedal threshers, weeders, and
seed drills has been pioneered by the Comilla Cooperative
Wor kshop. A nunber of workshops now nanuf acture these itens;
however, there is yet not a | arge demand on a country-w de basis
due to their high cost. A fewmanufacturers produce quality
metal digging and cutting tools that are nore durable than those
made by the local blacksmiths. Simlar tools are also inported
and nmar ket ed t hroughout the country.

POLICIES RELATING TO MECHANIZATION

Swarnivar program

The Swarni var (self—sufficiency) programhas been adopt ed
by the Bangl adesh governnent to develop self sufficienty at the
village level. The governnent's conmitnent to this programwill
have an effect on both the scale and | ocation of industries with
an enphasi s on snall —scal e operations in rural areas. The
Swar ni var Programal so focuses on the needs of the snall farner
and is likely to generate pressure for the devel opnent of small -
scal e agri cul tural equi pnent.

I ndustrial investnent schedul e

The Bangl adesh governnment periodically publishes a schedul e
which identifies industries in which investnent is encouraged
t hrough easing of taxes and facilitating the procurenent of
import pernmits.

International Agricultural Machinery Workshop 9



Import taxes and tariffs

I mport duties on agricultural equiprent are 15% conpared
with duties to 100% and nore for npst other itens. I n addition,
manufacturers may apply for tax concessions on certain rawmaterials
which are used in the manufacture of agricultural inplenents.

Rural electrification

The governnment has undertaken an intensive programto
electrify rural areas. The first phase is electrification of
the more than 400 thana 2 centers t hroughout the country. Electric
power will open a nunber of new possibilities inirrigation, drying,
and processi ng which otherwi se remain too costly for farners.

RESEARCH, DEVELOPMENT, EVALUATION, AND EXTENSION

Several institutions in Bangl adesh are actively involved in
research, devel opnent, eval uation, and extension.

Bangl adesh Agricul tural University is devel opi ng prograns
in the departnents of FarmPower and Machinery, Irrigation and
Wat er Managenent, Food Technol ogy, and Marketing and Cooperati on.
They are addressing different aspects of agricultural mechanization.
These i nclude the devel opnent of inproved hand inplenents, village
| evel food processing, and snall-scale drying and storage of
agricul tural products.

Bangl adesh Uni versity of Engineering & Technol ogy's
depart nents of Mechani cal Engi neering, Chem cal Engineering, and
Wat er Resources Devel opnent are involved in projects related to
agricultural nechani zation. Included are fabrication of a
prototype I RRI thresher, an investigation of parboiling nethods,
and a study of irrigation nethods in use in Bangl adesh.

The Agricultural Engineering Division of Bangl adesh Agri cul tural
Research Institute has worked to develop a variety of agricultural
i mpl enments including plows, seed drills, weeders, threshers, and
dryers.

The Bangl adesh Rice Research Institute has an Engi neering
Division that will focus attention on the nmechani zation aspects
of rice production.

/ - S
gA political subdivision.
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Wthin the Bangl adesh Agricultural Research Council the
Appropriate Agricultural Technol ogy Cell has been established
to coordinate and pronote efforts to select agricultural technol ogies
that are suited to the needs and capabilities of Bangl adesh.

The Integrated Rural Devel opment Programhas prograns in
sel ected thanas of Bangl adesh for the devel opment of rural areas
through activities based on cooperati ves.

Under the I RRI/BARC industrial extension program arrangenments
are being made to fabricate prototypes of the 6-8 hp diesle tiller
with steering clutches, portable thresher, grain dryer, and
di aphragmpunp. So far one prototype of the smaller petrol-powered
tiller has been fabricated by Bengal Agricultural |nplenents and
Steel Products, Ltd. The Mechani cal Engi neering Departnment of the
Bangl adesh Uni versity of Engineering and Technology is currently
fabricating a prototype of the power thresher. Ittefaq |Industrial
Corporation and Prantik Engineering are both interested in
manufacturing the diesel tiller and the FarmPower and Machi nery
Depart ment of Bangl adesh Agricultural University has al so expressed
interest in obtaining | RRI equi pnent designs.

FUTURE DIRECTIONS

The possi bl e rol e of nechani zed cultivation in Bangl adesh
has yet to be eval uated conprehensively. An alternative to
nmechani zati on woul d be the introduction of inproved bull ock-
drawn inplenents. Exhaustive field tests and eval uati on of
suitabl e prototypes are needed before final conclusions can be
reached.

Irrigation prograns will continue to expand. There is a
need to reduce the variety of inported engi nes being used to
standardi ze the systemof nmaintenance and spare parts supply.
A possible solution wuld be |ocal manufacture by several
industries of an engine selected for sinplicity of design,
mai nt enance, and repair.

Ri ce processing and dryi ng deserves cl ose attention, as
a maj or expansion in the demand for these processes is likely
within the next fewyears. Careful choice of technol ogy now
wi Il avoid delays and inefficiencies in the future devel opnent
of this sector.
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CURRENT STATUS OF MECHANIZATION IN THE PHILIPPINES

HECTOR A. SANVICTORES

EXECUTIVE VICE-PRESIDENT. AGRICULTURAL MACHINERY
MANUFACTURERS & DISTRIBUTORS ASSOCIATION, INC.
RM. 802, ARAZA BLDG.. PASEO DE ROXAS. MAKATI, METRO MANILA

AGRICULTURAL DEVELOPMENT INDICATORS

There are many indicators describing the general |evel of
agricultural developnent in a country. This paper will concern
itself with five:

1) extent of irrigation,

2) intensity and pattern of cropping,
3) level and growth of farmincone,
4) | abor absorption, and

5) rate of farmnechani zati on,

Extent of irrigation

Around 1.7 mllion ha or 13.93%of our total cultivated

land area and 15.88%of the total cropped area are under irrigation.

A survey conducted by the Bureau of Agricultural Econom cs
showed there are 1.49 mllion ha of rice under irrigation, planted
nmostly to the nodern varieties (1.2 mllion ha).

The revised listing of national irrigation systens operated
and mai ntai ned by the National Irrigation Adm nistration (N A as
of Decenber 31, 1976, shows 123 irrigation systens covering a
service area of 44,000 ha distributed anong the country's 11
regions. In 1975 there were 116 systens covering a service area
of 438, 000 ha.

The present national irrigation systemserviced 356,000 ha
in the wet and 221,000 ha in the dry season during agricul tural
year 1976, at a cost of P3.7 million. Conpared to the 97,000 ha
in 1955 (Table 1), the area covered has increased consi derably.

In addition, acccrding to NIA, a comunal irrigation system
covered 372,000 ha in 1975, as conpared to only 26,000 ha in 1955.
Irrigation punps water 123,000 ha, conpared with only 3,000 ha
in1955.

International Agricultural Machinery Workshop
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Table 1. Cunulative areas irrigated, 1955- 77.

Year N A Communal Irrigation
system punps
hect ares
1955 97, 497 26, 000 3, 000
1960 171, 867 107, 000 7,000
1965 206, 581 201,000 8, 000
1970 303, 681 250, 000 25, 000
1975 402, 034 372, 000 123, 000
1977 444, 388

Source: National Irrigation Adm nistration.

NIA's goal to increase the country's total irrigated rice
areato 2.5 mllion hectares, at a cost of P19B, by the year
2000.

Intensity and pattern of cropping

According to the Census of Agriculture by the National
Census and Statistics Office (1971), nore farns practiced
successi ve cropping than intercropping (Table 2a). Qut of 2.35
mllion farns in the survey, only 331,000 (14.0% practiced
i ntercropping while 859,000 farns (36.5% practiced successive
cropping. Qut of the total, 338,000 (14.4% practiced both
i ntercroppi ng and successi ve croppi ng while the renainder, 827,000
(35.19% practicedneither.

The popul arity of successive cropping over intercropping has
persisted. Recent interviewsw th the Bureau of Agricultural
Ext ensi on (BAEx) Agricultural Prograns Division indicated this
trend is due primarily to econom c reasons, especially in the
case of rice farms. Generally, these experts pointed out,
farmers prefer to plant successive rice crops rather than
intercrop because rice is the biggest profit-nmaker.

In the Philippines today, according to the Agricultural
Prograns Division of BAEx, around 80%of the farms plant two
crops ayear. Crop rotation and intercropping are |ess popul ar,
primarily because of econonic considerations. A significant
i mprovenent in cropping is noted. Table 2b shows that in 1971
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Table 2a. Extent of intercropping and successive planting,
July 1970 to June 1971.

Croppi ng practice Nunber of farns Percent of total

No i ntercropping or

successi ve pl anting 826, 616 35.1
I nt ercroppi ng only 330, 614 14.0
Successi ve planting only 858, 869 36.5
Bot h i ntercroppi ng and
successive planting 338, 370 14. 4
Al farms 2,354, 469 100

Source: National Census and Statistics OOfice. The 1971 Census
of Agriculture. Manila.

Table 2b. Land utilization, July 1970 to June 1971.

Item Ar ea

1. Physical area planted to crops: hectares

a. Wth interplanting and/or

successi on croppi ng 4,099, 700
b. Wthout interplanting and
successi on croppi ng 2,324, 450
c. Al farns 6, 424, 150
2. Total area interplanted and pl anted
to succession crops 2,436, 890
3. Intensity of land use for: per cent
a. Farms with interplanting and/or
succession cropping7 59.4
b. Al farms2 31.9

§‘/Derived by dividing item (2) by item (1la) nultiplied by 100.
Q/Derived by dividing item (2) by item (1c) multiplied by 100.
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the intensity of land use for all farnms was 37.9% while for

farms with intercroppi ng and/ or successive cropping, it was 59. 4%—1/
Presently, cropping intensity inirrigated rice areas can be as

hi gh as 95% 2/ The role of high-yielding varieties of rice has

made nul tipl e-croppi ng possible and i ncreased | and use intensity.

Level and growth of farm income

At the aggregate level, the growh rate of farmincone is
high. The share of the agricultural, fishery, and forestry sector
to Goss National Product (GNP) was valued at 19.46 billion
pesos in 1976, from17.46 billion in 1974 and 18.22 billion
in 1975.3/ The ratio of this sector to GNP i s nearly constant
(if not increasing relative to the share of the industrial
sector). This inplies a growth rate of 4.3%between 1974-75 and
6. 8%bet ween 1975 and 1976. 4/

Labor absorption

In a country with a high population growh rate, the growth
rate of the total labor force is also high. The sane is expected
of farmlabor.

In 1965, the | abor force was placed at 10.76 mllion. This
grewsteadily until 1968, declined sonewhat through 1969-70,
grew again in 1971 and 1972, and declined in 1973 when it was
estimated to be 14.56 mllion. By 1976, the |abor force was
al ready around 16.24 mllion (Table 3a and Fig. 1). 5/

Traditionally, and as can be expected in a predonm nantly
agricultural country, the agricultural sector has been absorbing
a maj or portion of the |abor force.

Y National Census and Statistics Ofice (NCSO), " 1971 Census of
the Philippines: Agriculture,”™ Summary Report, Manila, p. 97.

2/ gyreau of Agricul tural Extension (BAEx), Agricultural
Devel opnent Program

3/ Nati onal Econonic and Devel opnent Authority (NEDA), ™ Philippine
Econonmic I ndicators,”™ Vol. V, No. 6, June 1977. (At constant
1972 prices).

Al 1bid.

S5/NEDA, op. cit., p. 53.
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Table 3a. Size of the | abor force, 1965-1976

Year Labor force
(000)
1965 10, 764
1966 11, 757
1967 11,776
1968 11, 371
1969 12, 046
1970 -
1971 13, 241
1972 13, 294
1973 14, 559
1974 14, 283
1975 15, 161
1976 16, 244

Source: National Econom c Devel opnent Authority Yearbook 1976.
Mani | a

Labor force (thousands)

JI;, Ly 11 [ B R

1965 66 67 68 69 70 7 2 73 M 75 7

Year

1. Growth of the labor force, Philippines, 1965-76.
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Tabl e 3b. Labor force distribution by sector and enpl oynent status, 1965-73.

Ur ban
Year Total Enpl oyed  Unenpl oyed Tot al Enpl oyed Unenpl oyed Tot a

per cent

1965 11, 491 26.2 3.5 29.7 65.5 4.8 70.3
1966 11, 886 26.4 3.5 29.9 66. 4 3.7 70.1
1967 13,274 25.8 3.9 29.7 66.0 4.3 70.3
1968 13,534 26.6 3.9 30.5 65.1 3.9 69.5
1969 12, 046 28.1 2.8 29.9 66. 1 4.0 70.1
1970 12,297 29.3 2.4 31.7 63.1 5.2 68. 3
1971 13, 220 27.2 2.7 29.9 68.0 2.1 70.1
1972 14, 200 26.4 3.7 30.1 66. 7 3.2 69.9
1973 13, 886 28.7 2.5 31.2 66. 8 2.0 68. 8
Source: Department of Labor: 1973 Yearbook of Labor Statistics



13000

12000

11000

10000

1965 (966 (967 1968 1969 970 1971 (972 1973

Year

2. Urban-rural labor force distribution, 1965—-1973.

By exami ning the distribution of the |abor force between
urban and rural areas (Table 3b and Fig. 2), the inportant role
pl ayed by the agricultural sector is apparent. Around 70% of
the labor force is concentrated in the rural areas. 6/

In some areas at the height of the |and preparation, planting,
and harvesting seasons, farmlabor cannot cope with the high |evel
of demand. During these tines, the role of farmmachi nery and
equi prent becones vital. Wth higher cropping intensity due to
nodern rice culture, tineliness of operations is inperative and
possi bl e only when | abor is suppl enented by machi nes. Modern
farm ng techni ques have increased | abor requirenents, particularly
inplant care such as weeding, fertilizer, and insecticide
appl i cations.

Present governnent prograns to encourage small — and nedi um-
scal e industries (cottage and home industries), the green

revol ution canpaign, tree planting, and the regional dispersal
of industries will increase demand for farml abor.

CURRENT STATUS OF MECHANIZATION
Use of machi nery over tine

Far mnechani zati on began in the sugar industry. Today this
i ndustry uses various forns of farmmachi nery and equi pnent,
fromsnmall power tillers to large four- wheel tractors.

% bid, p. 22.
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3. Annual tractor and power tiller sales, 1966—67.

Wth rice in 1965, farmnechanization started together
with the introduction of the high- yieldingvarieties. About
this tine also, the popularity of nodern nethods of farm ng was
risingfast.

At the outset, the preference of farners for smaller, |ow- cost
types of farmmachi nery and equi pnent becane readily evident. A
st udy made by Porter? supports this observation.

Through tine, power tillers have dom nated the nechanization
of ricelands. The power tiller has increasingly becone an
inmportant farminput in Philippine agriculture. The palay sector
has been nmking extensive use of power tillers and has turned
out to be its biggest market. Porter’s study reveal ed that though
52% of his sanpl e® were sing power tillers, an additional 25%
woul d |i ke to.

7l Porter, D., “Survey of Farners,” BO working paper for the
Agricul tural Machinery Sector Survey (UNDP/IRRD Techni cal
Assi st ance Project), Manila, February 1974.

8 1nthis sanpl e of 1,842 farners note the foll ow ng:

1) its bias in favor of palay farns (83%of the total),

2) sanple farns are larger than average (in excess of 3.5 ha),
3) a high proportion (57% is irrigated, and

4) nost enpl oy farmmachi nery.
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Tabl e 4a. Annual power tiller sales and portion of sales
financed t hrough CB-1 BRD Program 1965-76

Fi nanced t hrough CB-1 BRD

Year Total sales, No. No. %of tolal sales
1965 1, 5092/ - -
1966 1,932 126 7
1967 3,058 724 24
1968 1,873 228 12
1969 910 34 4
1970 475 42 9
1971 680 109 16
1972 1, 408 330 23
1973 3,120 322 10
1974 6, 721 377 6
1975 11, 077 805 7
1976 9, 352 - -

g/Estimatted cunul ative total of power tillers sold between
1960-65

Sources: F. Juarez and B. Duff. Changing Supply and Denmand
Patters for Power Tillers in the Philippines. Philippine
Soci ety of Agricultural Engineers. 1977

The Economi c Monitor, August 29, 1977.

Annual sal es of power tillers from 1965-76 (Table 4a and
Fig. 3) showan upward trend from 1965-67, a decline in 1968,
foll owed by a plunge in 1969-71. After this, the general upward
trend resunes and sal es even shoot up in 1975. In 1976, however
there is again a decline. (These trends are discussed further
under " Credit Prograns™).

The bulk of tiller sales by the Agricultural Machinery
Manuf acturers and Distributors Association (AMVDA) nenbers in
1973 ranged from7-9 hp. The trend toward hi gher horsepower
continued in 1976, while sales of tillers with 6 hp and bel ow
conprised only 17%of total sales (Table 4b).

Gasol ine-type tillers are still nore popul ar than diese
types (Table 4c) and locally manufactured tillers comand a
growi ng share of the donestic nmarket (Table 4d).

Land reformand credit prograns have influenced the increase
in power tiller sales.
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Tabl e 4b. Sales of power tillers by horsepower, 1974-76.

Hor sepower 1974 1975 1976
No. % No. % No %

6 and bel ow 243 7 1, 433 17 1, 450 17
7t009 2,443 75 3, 451 41 2.602 30
10 and above 582 18 3, 493 42 4,616 53
Tot al &/ 3,262/ 100 8, 377 100 8,668 100

al Total sale of 12 brands for 1974, 26 brands for 1975, and 35
brands for 1976.

b/ poes not include Kubota special sale of 3,000 units in 1974
and 2,000 units in 1975 to the Departnment of Agrarian Reform

Source: F. Juarez and B. Duff. Changi ng Supply and Demand
Patterns for Power Tillers in the Philippines. Philippine
Soci ety of Agricultural Engineers. 1977.

Initiation of the CB-IBRD |l oan fund in 1965 in conjunction
wi th other government and nmanufacturers' credit prograns pushed
sal es upwar ds. Unfortunately, this trend was reversed in 1970,
due to the effects of devaluation and inport restrictions. Sales
junmped to 6,721 units in 1974 (from3,120 in 1973) with the
rel ease of the third loan. The 1976 decline resulted fromthe
exhaustion of this |oan.

I mpl enentation of the land reformprogramin 1972 al so
af fected sales. The division of large estates into small farns
rai sed the demand for suitable small types of machinery, notably
the power tiller.

G owth of the power tiller industry, however, presented a
new chal | enge to manufacturers - the need to produce quality
tillers at a reasonable price. The nore brands narketed, the
greater the need for every firmto utilize the nost efficient
production techni ques to stay conpetitive.

Annual tractor sales fromthe early 1950s to the md 1960s
averaged slightly over 700 units, with the sugar industry as the

maj or mar ket . Sal es accelerated in 1967 until 1968, after which
they fell until 1970. They rose again in 1971; this continued
until 1975 when peak sal es were reached. In 1976, tractor sales

fell (Table 5 and Fig. 3).
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Tabl e 4c. Sales of power tillers by fuel type, 1972-76.

Year 1972 1973 1974 1975 1976
No. % No. % No. % No. % No. %
Gasol i ne 514 36 2,571 82 3,219 48 6, 968 63 6,878 74
Di esel 894 64 549 18 3,502 52 4,109 37 2,474 26
Tot al 1,408 100 3,120 100 6, 721 100 11, 077 100 9, 352 100

Source: F. Juarez and B. Duff. Changing Supply and Demand Patterns for Power Tillers in the
Phi |l i ppi nes. Philippine Society of Agricultural Engineers. 1977.

Tabl e 4d. Sal es of power tillers by source, 1972-76.

Year 1972 1973 1974 1975 1976
No. % No. % No. % No. % No. %
Local 336 24 2,073 66 2,338 35 5, 225 47 5,670 61
I nported 1,072 76 1, 047 34 4,383 65 5, 852 53 3,682 39
Tot al 1,408 1 00 3,120 100 6,721 100 11, 077 100 9, 352 100

Source: F. Juarez and E. Duff. Changing Supply and Demand Patterns for Power Tillers in the
Phi |l i ppines. Philippine Society of Agricultural Engineers. 1977.



Tabl e 5. Annual sales for four-wheel tractors and portion of
sal es financed t hrough CB-1BRD Program 1961-76.

Fi nanced t hrough CB-1 BRD

Year Total sales, No. NoO. %
1961 813 - -
1962 994 - -
1963 863 - -
1964 950 - }
1965 607 - -
1966 664 72 11
1967 1,531 560 37
1968 1, 630 265 16
1969 1,358 54 4
1970 978 150 15
1971 1, 086 251 23
1972 1,216 472 39
1973 1,517 534 35
1974 1, 666 641 38
1975 2,176 1,398 64
1976 1,074 - -

Sour ces: Nati onal Census and Statistics Ofice; Agricultura
Machi nery Manufacturers and Di stributors Association
Mani | a

The Econoni c Monitor, August 23, 1977.

Not e: The CB-1BRD programwas suppl ement ed by ot her prograns,
notably that of DBP

According to major distributors, palay and sugarcane farm ng
account for alnost 90% of tractor sales (Table 6). There has al so
been a swing away fromthe bigger tractors to the nedi umsized
model 5.9 I'n particular, a steep rise in sales of the versatile

Q/Agricultural Machi nery Manufacturers and Distributors Associatior
( AMVDA) .
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Table 6. Tractor sal es by crops.

Crop % of sal es
Pal ay 47
Sugar 41
Corn 5
Fruit 4

Q her

Al'l crops 100

Source: Agricultural Machinery Manufacturers and Distributors
Associ ati on.

conpact four-wheel tractor is being experienced by distributors.

It suits nmediumsized farnms (10-25 ha), which conprise a mjor
portion of all farns and its price is much |lower than the big
four-wheel type. In 1975, 372 of these conpact four-wheel tractors
were sold to farners; sales for the first half of 1976 total ed

270.

Devel oprments in agricultural science and technol ogy greatly
af fect sales. The boomin sales from1965 to 1967 was | argely
due to the introduction of the high-yieldingvarieties of rice,
whi ch made possible the realization of a highly profitable farm
i ndustry.

Governnment fiscal and nonetary policies affect the sales of
farmmachi nery and equi pnent. The tight policies in the late
1960s and the devaluation and inport restriction in 1970 adversely
af fected the i ndustry.

Gover nment soci oeconomi c-political policies also affect
sales. The land reformprogramthat divided |arge estates into
smal | er farns boosted sales, especially that of the snaller
machi nery and equi pment, |ike power tillers. The rice self-
sufficiency programal so hel ped rai se sales |evels.

Availability of: credit, which weighs heavily in sales, wll
be di scussed under " Credit Prograns."

In addition, the Census of Agriculture published by the
NCSO in 1971 shows that 16,000 farns used 32,000 stri ppi ng machi nes,
crushers, and shredders; 79,000 farnms used 168, 000 sprayers; 14,000
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used 168, 000 power - produci ngmachi nes, and 14, 000 used 105, 000
not or vehi cl es.

In Porter‘s study, 12%of the farnms surveyed used threshers,
with an additional 22%wanting to use them 2% owned power sprayers,
and anot her 11%wanted to use them In addition to these, Porter
al so saw a | arge potential market for dryers and power weeders.

The growt h of aggregate agricultural income and productivity
can be traced to progress in science and techno-logy, and to a
great extent, to farmnechani zation. Mddern inputs such as
fertilizers, selected seeds, and pesticides have increased the
intensity and pattern of cropping, which in turn require the use
of farmmachinery with farml abor.

Labor productivity in the agriculture, fishery, and forestry
sector has been rising continuously, just as overall |abor
productivity is increasing. Looking at |abor productivity in
ternms of net value added at current prices (Table 7) the agriculture
sector shows that in 1963, the value was really low ($208). It

Table 7. Labor productivity neasured in ternms of net val ue
added in dollars at current prices per enployed
person, 1963-73.8/

Agriculture, fishing

Year Al'l industries

and forestry
1963 388 208
1964 403 216
1965 436 243
1966 458 261
1967 491 285
1968 534 322
1969 662 430
1970 775 -
1971 837 620
1972 915 631
1973 1,121 803

al peso-val ues were converted into dol | ar-val ues using 1963 as
base year during which the rate of exchange was #3. 9- $1.
O herwi se, the floating rates begi nning 1970 woul d grossly
under val ue | abor productivity figures.

Sources: National Economi c and Devel opnent Authority; National
I ncone Accounts; National Census and Statistics Ofice,
Survey of Househol ds; Departnent of Labor, 1973 Yearbook
of Labor Statistics.
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clinmbed slowly to $803 in 1973. Therefore, we can see the
paral | el nmovenent between overall agricultural productivity
and | abor productivity.

Patterns of mechanization by major cereal crops

According to BAEx officials, farmmachinery and equi prent
are centered in rice production, particularly in the irrigated
areas, to achieve an even greater intensity of |and use. Porter's
survey showed that in 1972, palay farm ng accounted for 92% of
power tiller sales. According to the sane source, around 70-80%
of land preparation in these irrigated areas is nmechani zed. The
stages in rice production that use farmmachi nery and equi prent
are |l and preparation, irrigation, threshing, and mlling.

Wth corn farrrsl—0/38%were using tractors and 13% power
tillers. The additional farns that wanted the equi pment were
9% for tractors and 23%for tillers. However, the average size
of corn farns is small so that snmaller types of nmachinery and
equi pnent woul d be required. The nuch bi gger farmnachinery,
such as the big four-wheel tractor, are not as popular with corn
and other cereals as they are with sugar.

LOCAL MANUFACTURE OF AGRICULTURAL EQUIPMENT

Number and distribution of firms producing machinery and equipment

Si xt een years ago there were only 33 establishnments
manuf acturing or assenbling tractors and farmnachi nery. W
these, 19 were classified as large, 14 as snall. These establishments
enpl oyed 1, 342 people -- 1,300 in the |l arge establishnents.
Payrolls totaled P3.79 mllion, with 93.77 mllion originating from
the | arge establishnments and only 923,000 fromthe small.

In 1972, 61 establishnents were manufacturing or assenbling
agricul tural nmachinery equi pment. O these, 19 were classified
as large firms. The industry then enployed 1, 665 people, with
1,505 in 19 large establishnents and 160 in the small ones.

These 61 establishnments paid 99.11 million in wages and sal ari es,

1—O/P0rter, D., op. cit.

5 National Census and Statistics Ofice (NCSO, “1974 Annual
Survey of Establishnments: Mnufacturing,” p. 31.
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the bul k of which cane fromthe |arge manufacturing establishnments.

In 1974, 15 | arge establishnent s1Y manuf act ured or assenbl ed
agricultural machinery and equi pnent. The establishnments were
enpl oyi ng an aggregate of 2,530 enpl oyees and payi ng them119. 29
mllion. The value of gross output was 9323.68 mllion, while
the cost of materials used was 9142.27 million.

Presently, there are 60 power tiller firms operating in the
Phi | i ppi nes.1Z These are conposed of 38 manufacturers, 2 assenblers,
2 manuf act urer-assenbl ers, 15 distributors and 3 manuf acturer-
distributors. They are classified into small, nmedium and |arge,
with nediumcapitalized firms fromP1M- P4M and enpl oyi ng 100-300
workers. Most of the snmall firnms are in the Bicol Region, while
the rest are in the Metro Manil a area.

Policies relating to mechanization

This section deals with policies fromtwo general viewpoints
-- the private sector and the governnent.

The nost inportant trend in the farmnmachi nery and equi pnent
industry is towards greater |ocal manufacture.

The private sector's policies as cyrstallized and synt hesi zed
by the Agricultural Machi nery Manufacturers and Distributors
Associ ation (AMMDA), are clear -- to pronote farmnechani zation
in the Philippines. |In particular, AWDA nenbers have pl edged
to 1) devel op, select, and test the nost appropriate equi pnent
for Philippine agriculture; 2) ensure that the equipnent is of
high quality and capabl e of being profitably used by Filipino
farmers; 3) help farmers purchase equi pnent at prices and paynent
terms that are fair; 4) educate users on the proper operation
and mai nt enance of nodern farmequi pnent; 5) provide parts and
servi ce support so equi pnent can operate profitably.

A farmnechani zation policy draft has been prepared through
the joint efforts of the Departnent of Agriculture, AWDA., the
International Rice Research Institure (IRRI), and the University

1—2/Juarez, F., and B. Duff, " Changing Supply and Demand Patterns
for Power Tillers in the Philippines," paper presented at the
Annual Convention of the Philippine Society of Agricultural
Engi neers entitled "Towards the Rationalization of Farm
Mechani zation in the Philippines," Manila. April 28-29, 1977.
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of the Philippines at Los Bafios. It deals with the follow ng
poi nts: 1) sel ective nechani zation, which has to dowth the
techni ques and nethods that will ensure a consistency between
the social and private goals of increased |evels of welfare, per
capita i ncones, and production; 2) a progressive farmmachinery
manuf acturing program 3) after- sal esservice and distribution
standards; 4) joint ownership or usage of farmumachinery;

5) local research and devel opnent of suitable agricultural

machi nery; 6) establishment of an Agricul tural Machinery Testing
and Eval uation Center (AMIEC); 7) credit and support prograns;
8) a recogni zed i ndustry association (AMVDA); and 9) an

Agricul tural Mechani zati on Devel opnent Program ( AVDP) .

Credit programs

The Phili ppi ne experience has shown how necessary an
integrated credit programis for farmnechani zation. Availability
of credit and the |l evel of sales and use of machinery and equi prent
have noved toget her.

The nost inmportant credit programis the CB-1BRD Loan Fund,
which is nowon its fourth term The rel ease of the fourth | oan
shoul d bring about a rapid increase in the sale of machi nery and
equi prent .

The boomin sales, particularly anong tractors and power
tillers, came sinmultaneously with the release of the first three
CB-1BRD | oans anounting to $5M $12.5M and $30M Similarly, the
drop in sales in 1976 resulted fromthe exhaustion of the third
| oan.

O her governnment institutions involved in providing credit
for farmmechani zati on are the Land Bank of the Philippines,
Devel opnent Bank of the Philippines, Farm Systens Devel opnent
Corporation, Agricultural Credit Adm nistration, and National
Grains Aut hority.

Presently, an extensive interagency credit programis being
finalized by the NGA, CB, LBP, PNB, DBP, DLGCD, RBAP, AWMDA, BAP,
and PCAP to finance the acquisition of internmediary post-harvest
equi prent, especially portabl e nechani zed t hreshers and dryers
for sorghumand rice mlls.

To sone extent Central Bank Circular No. 473, which requires
commer ci al banks to set aside 25%of their |oanable funds for
agricultural credits effective June 30, 1975, wll also favorably
af fect farmnmechani zati on.
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Several pressing problens continue to affect agricultural
credit. The nore inportant ones have to dowith 1) l|ack of
credit itself, 2) the slowrate of processing | oan applications,
and 3) the collateral orientation of sone credit institutions.

Tax and tariff policies

The governnent tax and tariff policy on farmnmachi nery and
equi pment is to keep the effective rates to amninumto facilitate
i mpl ementation of the farmnechani zati on and the food sel f-sufficiency
progranms in accordance with national goals.

Presently, a 10-30%ad valoremtariff is inposed on inported
farmmachi nery and equi pnent. A 7%sal es tax on inported nmachi nes
remains ineffect.

This policy of encouraging the inportation of farmnachinery
and equi pnent is only transitory. However, Filipino investors
have now started to put up " mini" manufacturing enterprisesl3/to
locally build power tillers and their spare parts, tires, plows,
harrows, planting machiners, fertilizer spreaders, rice threshers,
irrigation punps, and rice mlls with conplete accessories. Because
of this, the rapid growh of the local farmmachi nery manufacturing
and assenbling industry is expected. However, so as to advance
our technical know edge, joint ventures and |icensing agreenents
with relatively nore advanced firns abroad should continue to be
encour aged.

Joint ownership systems

Fi nancing | arge capital outlays becones much easier through
joint ownership systens. Such is true with communal irrigation
systens as well as farmmachi nery and equi pnent.

One of the major incentives for buying and owning a tractor
or a power tiller is the benefit of using it for customservice
or rent-a-tractor service, especially if the owner's farmis
small. According to an AMVDA report, 80%of the tractor buyers
inthe rice area rented out tractors after tilling their own
farms. Buyers of four-wheel tractors who rent their services
after tilling their farns are able to realize a payback period
of 2-1/2 - 3 years on their investnment. Few investnent opportunities
of this nature are available to the rural sector.

1—3/Bureau of Agricultural Extension (BAEx), op. cit.
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RESEARCH, DEVELOPMENT, EVALUATION, AND EXTENSION

Basi c research on farmnechani zati on i s undertaken by the
Bureau of Plant Industry, the Central Luzon State University,
the International Rice Research Institute, and the Institute
of Agricultural Engineering and Technol ogy of the University of
the Phili ppines at Los Bafios (| NSAET/ UPLB) .

The BAEx eval uates farmequi pnent and machi nery based on
the requirements of local conditions. |If necessary, the |ocal
manufacturer is advised to nodify its product before it is
produced commerci al ly.

The Agricul tural Machinery Testing and Eval uati on Center
(AMTEC) will set reasonabl e standards of machinery quality,
conduct performance tests, evaluate after-sal es service support,
and initiate standardi zati on of agricultural machi nery conponents
for interchangeability of parts. AMIEC is a joint undertaking
of the University of the Philippines at Los Bafios, and the Depart nent
of Agriculture with | NSAET/UPLB as the inplenmenting unit. | NSAET/
UPLB has al so been desi gnated by the Philippine Governnent as the
national institute affiliated with the Regi onal Network for
Agricul tural Machinery (RNAM, a UNDP project participated in by
ei ght Asian countries.

FUTURE DIRECTIONS

It is hoped that the conplete |ocal manufacture of farm
machi nery and equi pnent can be realized soon. This is ained at
fully nechani zing the agricultural industry to rai se aggregate
productivity as well as farmlabor incones, attain self-sufficiency
in food, and in general, to contribute to the country's soci oeconom c
devel opnent .

By that tine, |ocal manufacturers shoul d have becone nore
highly conpetitive in relation to foreign firnms, which instead of
bei ng banned, should serve to induce local firms to adopt nore
efficient production techniques resulting in the availability of
reasonably priced and high-quality farmnmachi nery and equi pnent.
Al'so, joint ventures with foreign firnms and licensing tie-ups will
eventual ly lead to gradual technol ogical transfer. This way,
farmers can be assured of the best in terns of nachinery and
after sales service and parts.
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AGRICULTURAL MECHANIZATION IN INDIA

M. M. SURI

PRESIDENT, SURI RESEARCH FOUNDATION
8-14. GREATER KAILASH-I, NEW DELHI-110048. INDIA

INTRODUCTION

India has great variety in terrainand climate. It has the
wor | d’ s hi ghest snowbound Hi nal ayan Mount ai ns, expansive river-
fed tropical plains, the wet forest regions of Assamin the east,
the dry deserts of Rajasthan in the west, the Deccan pl ateau of
the south, and 5,000 kmof coastline plus a variety of hinterlands.
This nmozaic of differing |andscapes is inhabited by over 600
m | |ion peopl e.

India today al so presents a diverse picture of devel opnent.
In the northern states of Punjab and Haryana al nost every vill age
is electrified and a systemof canals provides irrigation
suppl enented by a network of private and public tube wells. The
specter is of a populace at once alert and eager to adopt new
met hods and nechani zation. In contrast lie mllions of hectares
spread across the country, dependent on rain and the vagaries
of nature, with no signs of change in the agricultural scene
except that village popul ations are forever increasing.

Ten years ago there was w despread gl oombecause of
i ncreasing food shortages, the high population growh rate, and
the food i nport burden, whichwas crippling the country’ s econony.
Yet the advent of high yielding wheat with its package of
irrigation, chenmical fertilizers, and insecticides, followed by
improvenents in rice and nmai ze cultivation, has created a surplus
of food in sone parts of India.

The conti nuing spread of nodern technol ogy into rural |ndia,
where 80% of the popul ation resides, has the potential of increasing
per capita income through agricultural growth. This is especially
true with cash crops, since 70%of the rural area is still untouched
by these wi nds of change.

In the nore advanced areas, double cropping is conmpn, and
sonetinmes three or even four crops are grown each year. Tractors
are used for plowing, electric or diesel punps for perennial
irrigation, plus regular chemcal fertilization, power spraying
of insecticides (even aerial spraying), and harvester-conbines to
speedily cut and thresh the crops.
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Does this replace I abor, or has this augnented affl uence?
As an engi neer who had al ways advocated the need for selective
nmechani zation of Indian agriculture, despite a seening |abor
surplus, and who has wi tnessed the transformation fromthe dism
days to the present hopeful times, | wish to record sone observations
and i nferences not too apparent fromthe country statistics al one

MOTIVATION FOR MECHANIZATION

In 1970 the | ndian popul ati on was 550 nmillion, food requirenents
were 115 million t, and the population growmh rate was 2.8%
Despite fam |y planning schenes, the population is expected to
reach 840 mllion by 1985 and 1 billion by the turn of the century
(at which time popul ation may be stabilized due to fam |y planning).
If anational political and economc crisis is to be avoi ded
provi sion of food for this popul ation expl osion nmust remain the
top priority of the Indian econony in the foreseeable future.
Qur battle to keep hunger at bay calls for raising the historic
annual growth rate of food grain production from2%to 4%

In 1966- 67 successful hybrid wheat cultivation in Punjab
provided the first rays of hope. Twofold and threefold increases
in land productivity transformed the traditionally conservative
farmers to partners in the new technol ogy. Post- 1967experiences
of Punjab and Haryana provi de an inportant record of the inportance
of sci ence and t echnol ogy.

The introduction of high yielding varieties and their specia
needs induced further though served with a network of cana
irrigation, tube wells with diesel and electric punps increased
the year - roundavailability of irrigation. This in turn increased
food production in Punjab and Haryana. Use of diesel or electric
punps with tube wells is the first elenment of nechanization

Once such irrigation is assured, nultiple cropping occurs
as a corollary. This in turn generates the need for intensive
energy inputs as shown in figure 1, which relates yield in
kil ograns per hectare to horsepower per hectare. Punjab and
Haryana confirmthat there is ultimately no alternative except
to i ntroduce nechani zation in all phases of agricultural production
-- plow ng, sowi ng, harvesting, threshing. Wthout it nultiple
cropping and intensive cultivation suffer due to excessive tine
interval s bet ween successi ve crops

Tradi tional bullock power has severe limtations for intensive
land cultivation because it reduces the |Iand available to grow
crops. The bullock needs fodder (Fig. 2). The nunber of bullock
required is calacul ated on the basis of peak effort necessary for
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pl owi ng for a few days, but these bullocks have to be fed during
the rest of the year when there is no work avail able for them
Presently there are approximately 50 nmillion bullocks in India

To doubl e our food production would require another 50 mllion
bul  ocks. Considering their fodder requirenent, they would take
away the equivalent of land required for feeding 200 mllion
humans. In India the growth rate of bullocks is 0.3% which also

limts the increase in bullock power availability for increased
food requirenents. Figure 3 shows how tractor power conpl enents
bul I ock power and fulfills power needs.

I'n Punjab and Haryana, bull ock popul ation since 1965 has not
increased while tractor nunbers grew from 12,000 to 30, 000 by
1970 and to 50,000 by 1975. There has al so been a clear rel ationship
est abl i shed between the increase of tube wells, the consequent
increase of food production, and the needed extra energy that
could only be supplied by tractors. This is the second and nost
conpel l'ing step fostering agricultural nechani zation

Power inputs per hectare in agriculture for different countries
are shown in figure 1. Each tradtional ton of food generally
requi res an additional horsepower of mechanization. The nost
i mportant conclusion is that hybrids along with conpl enentary
irrigation facilities are ushering in an era of farmnechanization
on atruly gigantic scale in India, not limted to tractors, but
a whol e range of inplenents for inproved farmproductivity.

Horse power { million)
100

- Tractor power

o/
Animal power

1951 1956 1956 1960 1971 1976

3. Farm Power supply. (Source: Agricultural Inputs
Division, USAID, New Delhi)
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Table 1. Mninumfood grain requirenents for India
vear Food (eqqlrenents
(mlliont)

1970 115

1975 134

1980 148

1985 175

2000 230

Table 2. Nunber of tube well punp sets related to food grain

area and out put for Punjab and Haryana.
No. of tube wells/ Area under food Total
Year punpi ng sets grain out put

(ml.) (ml. ha) (ml. t)
PUNJAB
1968- 69 0.113 3.6 6.2
1969- 70 0. 153 3.8 6.9
1970- 71 0. 199 3.9 7.3
1971- 72 0. 346 3.9 7.9
1972- 73 0. 372 4.0 7.7
1973- 74 0. 400 4.1 7.7
1974- 75 0.439 4.0 8.0
1975- 76 0. 450 4.3 8.8
1976- 77 0. 470 4.4 9.2
HARYANA

1966- 67 0. 025 3.7 2.5
1968- 69 0. 058 3.1 2.8
1969- 70 0.084 3.8 4.0
1971- 72 0.120 3.9 4.5
1972- 73 0. 149 3.9 4.1
1973- 74 0. 169 3.9 4.3
1974- 75 0.191 3.8 4.5
1975- 76 0. 205 3.9 5.0
1976- 77 0.222 4.1 5.2
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Furthernore, the grow ng surplus of wealth in the rural
popul ation creates demands for durables and semi -durables --
fans, sewing nmachines, coolers, refrigerators, cycles, nopeds,
scooters, nmotorcycles, radios, and televisions. These inturn
create enploynent and a scenario of true rural advancenent.

If agricultural mechanization is undertaken for intensive
mul ti-cropping to increase farmproductivity, it nmay appear
| abor is displaced on the individual farm But the area taken
as a whol e woul d show t hat enpl oyment has been created and the
whol e society is elevated to a higher |evel of education, skills,
and wage earnings, elimnating the | ow paid nenial |abor force.
An entire new scene is created, hummng with activities of a wide
variety but basically rooted in and dependent upon the extra wealth
creat ed by nechani zed farm ng.

TYPE AND EXTENT OF MECHANIZATION

I n devel opi ng countries, the pacesetters for nmechanization
are not their inpoverished farners but their governnent backed
by Worl d Bank or bilateral or |ocal banks that provide financing
packages as an inducenent to farmers. Caution is to be sounded
Such packages buy the farners their tractors and equi pnent, but
if the servicing, repair, and nmai ntenance infrastructure devel opnent
are not adequate, this |oan-based equi pment proves a burden, |eading
to bankruptcy of the farnmers. The adequacy of the infrastructure
of repair and servicing facilities with trai ned personnel determ nes
both the pace and the success of any nechanization effort. This
is often negl ected by devel opnent agenci es and has caused nuch
distress in Africa and Asi a.

It is for this reason that |IRRI-type machi nery has rel evance.
It first introduces to the snmall farnmers sinple nechanical aids
t hat enhance their farmng productivity and educates themtechnically
while their wealth slowy grows.

The smal | power tiller, thresher, bellows punp, weeder, and
rice dryer are sinple and much needed | RRI nmachi nes that introduce
basi c technol ogi es which graduate the area i nto gradual sophistication.
This gives the local repair and service facilities tinme to growin
skill and conpetence step by step. As opposed to nmassive sudden
i mposi tion of sophisticated nmechanization, along with its heavy
debt - servi cing burdens on the farm ng conmunity, the IRRI program
is a slowand steady technol ogy injection, at very |ow cost,
conpl enentary to the resource capability of the small farners in
devel opi ng countri es.

38 International Agricultural Machinery Workshop



MECHANIZATION AND LABOR DISPLACEMENT

To obtain high production per hectare through nulti—cropping,
i ncreased horsepower inputs provided by nechani zation are essenti al
Does this replace |abor? Punjab and Haryana show that this is not
so. Paradoxically, there is nowan acute shortage of farnmhands

during harvesting and sowi ng seasons. Daily wages have consequently

i ncreased many fol d.

Anal ysis reveals that the same | and now produces four tines the

original crop — four tines the wealth. This increased wealth is
not retained by the farner. It buys himessential services and

i nputs of machinery, fertilizers, insecticides, fuels, lubricants,
tractor and equi pnent nai ntenance and spare parts, w thout which
he cannot obtain high yields. These services constitute a grow ng
base of enploynment for others and call for trained and literate
hands. Thus the whol e scene is transformed froma stagnant state
to one creating enploynent in the rural areas with better—paid
jobs as nmechanics and sal es and service personnel for all types

of chem cal s and har dwar e.

As the programspreads, the areas first introduced to I RRl

equi pnent will graduate in 5-10 years to nore capital —intensive
urban i ndustry-produced nechani zation, while | RRI -type equi pnent
woul d shift to other virgin areas. In fact, IRRl equipnent will

continually growin sophistication, because the conpul sions of
technol ogi cal innovation are inescapable in any dynam c situation
such as the devel opi ng world presents. Neverthel ess, the sinpler
equi pnent devel oped nowwi || be needed for newer areas of poverty-
riden small farns, where nechani zation takes its first steps.

ANIMAL AND MACHINE BALANCE

It becones necessary to take a fresh | ook at the use of draft
animal s and their bal ance with machi nes because of the successful
introduction of biogas plants in Indian villages. The principal
drawback of bullock power was that beyond a point bullocks begin
to claimproductive land for fodder, conpeting with the dermand
of humans.

On the other hand, each hectare of |and producing grain for
human bei ngs al so produces plant wastes for ani mal fodder ——
rice straw, wheat straw, mmize straw. The qui ckest conversion
of this agricultural waste into useful products for the farner is
via the biological route; fodder is fed to the animals and their
dung is fed to the biogas plant. The farnmer then has nmlk from
his cattle, gas to neet his fuel needs, and an organic manure in
the formof sludge fromthe biogas plant. The nore the |and
produces, the greater the agro-waste, the higher the nunber of
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ani mal s that can be sustai ned, the nore biogas available (for
cooki ng and runni ng di esel engines), and the increased suppl enent
of organic manure for the farm

In this context, especially in countries where fuel oil is
expensi ve, econonics favors owning a pair of bullocks even when
the farnmer has a tractor. The bullock is fed on avail abl e fodder.
Wien the bullock is doing no other work for the farner, it still
functions as part of his biological fertilizer and fuel plant,
with a high benefit-cost ratio to the farner.

It is the experience of the Suri Research Foundati on Farns
and many farmers that the intense period of plow ng activity, for
want of tinme, nust be covered by a tractor in multi-cropping
systens. One pair of bullocks per 5-10 ha is useful for a nunber
of activities such as inter-cultivation during the period between
heavy tractor-based activities.

RESEARCH AND DEVELOPMENT

India has a |l arge and wel | -funded network of agricul tural
research under the Indian Council of Agricultural Research. Yet,
despite its many research establishnments and agricul tural
uni versities, agricultural machi nery devel opnent has not di spl ayed
t he vi gor expect ed.

The only maj or indi genous devel opnent has been the Swar aj
25 hp tractor produced by the Central Mechani cal Engi neering
Research Institute in 1966-68. Punjab Tractors Ltd. set up
to manufacture Swaraj tractors, has since introduced a 35 hp
machi ne and is soon to introduce a 45 hp unit. O special
interest is the 15-18 hp | owcost tractor bei ng devel oped by PTL,
whi ch shoul d have a far larger demand than any tractor currently
on the narket because of the predom nance of mllions of snall
f ar mhol di ngs.

There are sophisticated test facilities at the governnent’s
Budni Test Station, CMERI, and the Pant Nagar and Ludhi ana
Agricultural Universities, in addition to other institutions
where R&D prograns are underway. Commercially successful,
industrially produced nmachi nes have yet to emerge in any |arge
nunbers fromthis R&D. There semms to be a | ack of active backup
and i nvol verent by production engineers, which is so necessary from
the very inception of a nmachi ne devel opnent program

There is great need for an effective tractor-driven harvester,

rice planter, potato planter, and a variety of other pre- or
post - harvest machi nes that shoul d be | owcost, sturdy, and effective
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Table 3. Land- holdingpatterns in India

Hol di ng si ze No. of Area % of

hol di ngs oper at ed total

(ha) (mil.) (nil. ha) area

0 - 0.4 8. 67 1.7 1.3

0.44 - 2.02 22.62 23.9 17.9

2.42 - 5.05 12. 60 38.6 29.0

5.45 - 10.1 4.54 30.6 22.2

10.5 - 20.2 1.77 29.1 17.3

Beyond 20.5 0.52 15.5 12. 3
Tot al 50. 8 133. 4

for the smaller quantumof work that neets the average farner's
needs.

The present tractors were not found economical on smaller
hol di ngs. The principal hurdle in the introducti on of mechanization
is seen in the | and- holdingpattern (Table 3). There is a need
for smal | er nachi nes.

The latest |owcost 15 hp Swaraj tractor, fitted with necessary
hydraulics, would seemto be an effective and nmuch awaited answer
to the needs of the small farner sector. Pre- and post-harvest
equi prent devel oped around this tractor could set the pace for a
much wi der and faster introduction of mechanization. It would have
a direct inpact on increased productivity on a nmassive scale. The
15 hp Swaraj mmy break the barrier in spreadi ng nechani zation in
devel opi ng countries. Its enmergence could be as significant as
t he advent of hybrid seeds in crop technol ogy.

Transport needs of the farnmer to and fromnearby markets
with a cartload of people or farmproduce cost little using draft
animals. Realizing the inportance of ani mal - machi ne bal ance, sone
organi zati ons, such as Dunlop India, have undertaken | arge R&D
prograns to inprove bullock cart construction and operating
efficiency. The extra load the newcarts can carry is striking.

The Suri Research Foundation is preparing a report on the
bal ance bet ween machi ne and ani mal power for farners. Data collected
and experience show good benefit-cost returns where a biogas pl ant
has been installed.
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INDIGENOUS MANUFACTURE AND MECHANIZATION POLICIES

I ndia today manufactures its agricultural equipnment requirenments
-- tractors and i npl enents, sprayers, threshers. Inports are no
| onger necessary. Harvester-conbines are inported in small nunbers
and their manufacture is also planned. Tractors made in India
range from25 to 75 hp. The largest sales are 25 to 35 hp tractors.
Heavy | and devel opnent equi pnent |ike graders and | evelers are al so
made i ndi genousl y.

To encourage nechani zation, the governnment has directed banks
to offer loans of up to 85%for farners to purchase tractors and
i mpl enents. The repaynent period is 7-10 years.

An innovative neasure is to provide loans to qualified engineers
to set up tractor customhiring service units in rural areas. This
provi des enpl oynent to engi neers and technicians and i ntroduces
mechani zation into farmng with the necessary infrastructure. Many
engi neers have nade a success of their ventures after carefully
pl anni ng and | ocating their units.

In a country with small farmhol dings, efficiently run custom
hiring service stations could well be the answer for econom c and
viabl e introducti on of nechani zation. The probl emhas been to
| ocat e enough engineers willing to go to the 250,000 villages of
India. The enploynent potential of such stations is self evident.

In India the pace of nechanization does not suffer from
policy or fund constraints, but fromthe viability of small hol di ngs
for which appropriate nmachines are yet to be devel oped. Also, where
irrigation is not yet assured, nechanizati on does not al ways pay.
As irrigation increases, nechanizationw Il gradually spread.
Research in arid-area cultivation is beginning to show proni se, but
economic viability will need to be denpbnstrated before w despread
nmechani zati on t akes pl ace.
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STATUS OF AGRICULTURAL MECHANIZATION
IN SOUTHEAST AND EAST INDIA

K. N. SINGH

PROFESSOR, AGRICULTURAL ENGINEERING
G. B. PANT UNIVERSITY OF AGRICULTURE AND TECHNOLOGY
PANTNAGAR-263145 DIST. NAINITAL, U.P.. INDIA

SUMMARY

Out of a 328.78 million ha geographical area, only 142.71
million were cultivated in India in 1973-74. The area
under double cropping made up 18.7%, the irrigated area
22.8%. There has been an increase in the area, production,
and yield of food grains in general and especially rice
over the last 10 years. Rice is the most important crop
of the country, especially the southeast and east region,
in terms of area and production. The average size of
operation is about 1.6 ha for most of the states of the
southeast and east region.

Total draft power available on Indian farms is only 0.358
hp/ha of cultivated land. Most of the work is being done

by animal and human power. It is estimated that about
40,000 tractors and 12,000 power tillers are presently

in use in rice states. Some improved animal-drawn implements
have also become popular. There is slow mechanization in

the rice states. Power tillers have potential in this area;
however, their high cost and lack of service facilities in
villages hold back their use. The country is producing a
good number of agricultural machines. Selective mechanization
of agriculture is being promoted by the government.

INTRODUCTION

Most of the devel opi ng countries of Asia have the problem
of hi gh population and |Iow | evel of |and productivity conpared
with the devel oped nations. One of the main reasons for |ow
productivity is insufficient power availability on the farns and
| ow | evel of farmnechanization. This is especially true in India.

The classification of area in India for 1973-74 is given in
Table 1. CQut of 328.78 mllion ha of total geographical area only
142.71 mllion ha were sown. O this only 18. 7%was sown nore
t han once and 22.8%was under irrigation.
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Table 1. dCassification of areain India, 1973-74.

Item Area (mllion ha)
Geogr aphi cal area 328.78
Reporting area for land utilization 304. 18
Forests 65. 48
Not available for cultivation 42. 71
O her uncul tivated | and 32.73
Fal | ow | ands 20. 45
Net area sown 142. 71
Total cropped area 169. 50
Area sown nore than once 26.79
Net irrigated area 32. 60
Goss irrigated area 40. 25

Source: Tines of India Directory and Yearbook, 1977. Tines of
I ndi a, Bonbay.

The all-1ndia index nunbers of area under crops, agricultura
production, and yield for rice, food grains, and all crops for the
period 1960-61 to 1975-76 are plotted in Fig. 1. The index of
area for all the crops has increased from99.2 in 1960-61 to
111.2 in 1975-76. Simlar increase in area may be noted for rice,
food grains, and all crops. However, for all food grains and
rice, the rate of increase is higher after 1966-67 conpared with
the period 1960-61 to 1966-67. The index of production for al
crops has increased from102.7 in 1960-61 to 148.6 in 1975-76
The production index has increased from101.8 to 145.8 for rice
during the sane peri od.

The index of yield for rice increased from102.0 in 1960-61
to 125.8 in 1975-76. The increase inyieldis mainly due to
introduction of high-yielding varieties in the latter half of the
1960s, increased irrigation facilities, and application of inproved
techni ques in production. A nunber of newvarieties that are
suitable to different agro-climtic conditions have been devel oped
However, a large portion of rice area needs to be planted to the
hi gh-yi el ding vari eti es.

Total popul ation of the country was estimated at 442.4
mllion in 1961. It had reached 597.9 million in 1975. There
has been a growth rate of 2.19% per year on a conpound rate basis
About 80% of this popul ati on depends on agriculture. There has
been an increase in the national incone fromRs. 13,260 crores
($1.66 billion) in 1961 to Rs. 20,080 crores ($2.51 billion) in
1975 at the 1960-61 price level. At the current price level, the
national inconme in 1975 is estimated at Rs. 60,120 crores ($7.52
billion). Per capita inconme has shown a |owincrease fromRs. 305.6
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1. All-India index numbers of area under crops and agricultural
production and yield. (Source: Agricultural Situation in India, March
1977)

($38.2) in 1961 to Rs 341.4 ($42.6) in 1975 at the 1960-61 price

| evel. The major share of increase in national incone and per
capita incone is due to increases in agricultural production,
especially after the introduction of high-yielding wheat varieties
in 1965-66 and high-yielding rice varieties in 1966-67.

The total production of food grains in India in 1973-74 was
estimated at 103.6 mllion t, out of which 44.6 mlliont -- 43%
of total - was produced by the states of southeast and east India.
Table 2 gives the density of popul ation per thousand hectares of
cultivated land for the states of this region. Density of popul ation
for these states is higher than that for the whole country.

Rice is the nost inportant crop in India. The total area
under rice in 1975-76 was 39.688 m|lion ha, out of which 26.222
mllionwere in the states of southeast and east |ndia. Pr oducti on

of rice in these states was 34.14 nmillion out of 49.46 mllion t
produced in India. Table 3 gives the details of rice production
indifferent states of this region. In sone of these states there
are three seasons of paddy in ayear. |In terns of total production,
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Table 3. Final estimate of rice in India, 1975-76.
State Area (thousand ha) Ri ce Production (thousand t)
Aut um W nt er Sunmer Tot al Aut umtm W nt er Sunmer Tot al
Andhr a Pradesh 283.0 2547.0 1064.0 3894.0 450.0 4048.0 1953.0 6451.0
Assam 636. 8 1565. 3 38.8 2240.9 477. 6 1767. 3 45.5 2290. 4
Si har 598.1 4593. 0 67. 4 5258.5 344. 8 4422.8 79.9 4847.5
Kar nat aka 1032.9 62.6 105. 2 1200. 7 1902. 1 122.0 310.5 2334.6
Mani pur 30.5 146. 7 - 177. 2 49, 2 227.2 - 276. 4
Meghal aya 33.5 69.0 1.8 104. 3 30.0 85.6 3.7 119.3
Nal al and 36.0 30.5 - 66.5 19.8 20.1 - 39.9
Oissa 758.0 3746.0 180.1 4684.1 440.0 3834.0 257.8 4531.8
Tam | Nadu 2159.0 493.0 37.0 2689.0 4663.0 1117. O 87.0 5867.0
Tripura 129.2 135.5 35.4 300.1 136.8 172.8 57.0 366. 6
West Bengal 864. 6 4241.1 340. 4 5446. 1 785. 3 5181.2 856. 4 6822.9
Andaman & Ni kobar
I sl and 12.3 - - 12.3 22.5 - - 22.5

Arunachal Pradesh 68. 4 - - 68. 4 59.9 - - 59.9
M zor am 16. 2 33. 4 - 49. 6 10.0 29.0 - 39.0
Pondi cherry 6.4 21.1 3.0 30.5 15.2 46. 2 6.8 68. 2

Tot al 6664.9 17684.2 1873.1 26222.2 9406.2 21073.2 3657.6 34137.0

Al India 17413.3 20255.8 2018.7 39687.8 21560.6 23966. 4 3930.5 49457.6
Source: Agricultural Situationin India, 1976-77.



Table 2. Density of popul ation in southeast and east India, 1972.

Cultivated area Population md- Density per
State in 1972 year, 1972 t housand ha of
(t housand ha) (thousand persons) cultivated area
Andhr a Pradesh 13,601 44,571 3,277
Assam 2,397 15, 526 6, 477
Bi har 10, 123 57, 649 5,695
Kar nat aka 11, 181 30, 042 2,687
Mani pur 140 1,102 7,871
Meghal aya 12 1, 038 6, 407
Nagal and 62 526 8,484
Oissa 6, 742 22,522 3, 341
Tam | Nadu 7,209 42,216 5,a56
Tripura 243 1,598 6,576
West Bengal 5,712 45, 560 7,976
Tot al 57,572 262, 350 4,556
Al India 151, 923 562, 467 3,702

Source: Report of the National Comm ssion on Agriculture, 1976.
Part |, Reviewand Progress. Mnistry of Agriculture and
Irrigation, Governnment of |ndia, NewDel hi.

West Bengal , Andhra Pradesh, Tam | nadu, Bihar, Oissa, and
Karnat aka are the | eading states in the order nentioned. These
are basically rice states and their problens of agricultural
mechani zation are nore difficult than those of wheat states in
the country.

CURRENT STATUS OF MECHANIZATION

The size of operational holdings is quite small -- the
average in India cones to 2.63 ha. It is 2.87 ha for Andhra
Pradesh, 1.46 for Assam 1.53 for Bihar, 1.49 for Tam | Nadu,
4.11 for Karnataka, 1.98 for Orissa, and 1.56 for West Bengal .
Qut of an estimated 50 nmillion rural househol ds possessing
operational holdings in India, 35%hold on the average | ess
than 0.20 ha of land, 50% | ess than 1, and 70%| ess than 2.

Besi des, the holdings are scattered. No |law for effecting
consol i dati on of hol di ngs has yet been passed in Andhra Pradesh,
Tami | Nadu, and Keral a.
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Table 4. Area under different size of holdings in southeast and
east India, in thousand hectares.

Hol di ngs in hectares

State 0-1 1-4 4 - 10 > 10
Bi har 1844.759  4099. 607 3175, 297 2360. 192
Andhr a Pradesh 698. 5 4140. 168 4186. 138 3774. 099
Oissa 769. 951 3176. 587 2327.732 807. 445
West Bengal 1089. 722. 2766.562 973.576 681. 771
Tam | Nadu 1321.576  2491. 898 1892. 688 1003. 046
Assam 509. 298 1418. 736 520. 344 434. 194
Kar nat aka 548. 838 3426. 112 3792. 054 3600. 821

Tot al 6780 21516 16865 12609

Source: Agricultural Census of India, Mnistry of Agriculture
and Irrigation, Departnment of Agriculture, 1970-71.

Tabl e 4 gives the area under different size holdings in
i mportant states of southeast and east India. About 46.2% of
the area fallswithin 1-4 ha and only 11.2%is covered by farnms
of area nore than 10. Since the fields are not |evelled, nost
of themare small for proper ponding of water for rice grow ng.

The total power available for crop production in Indiain
1975-76 is given in Table 5. Draft animals contribute 43.50%
and humans 10.88% The contributi on of four-wheel tractors is
only 11.55% However, electric notors and di esel engines, which
are used in punping water and sone other stationary works,
toget her contribute 32.90%of total power. The draft power
available is only 0.358 hp/ha of cultivated land in the country.
This is a low level of power availability agai nst a standard
power requirenent of 0.8 hp/ha of cultivated area as recomended
by the President's Science Advisory Conmttee of U S. A and Task
Force of Pl anni ng Conm ssion, CGovernnent of India, on vehicles,
eart h-novi ng and constructi on equi pnent, agricul tural nmachinery,
etc.

The statew de distribution of tractors is given in Table 6.
Al t hough the nunber of tractors in these states has increased
from6,688 in 1961 to 26,100 in 1972, the nunber of tractors
available in these states is only about 17.7%of the all-India
figure. In 1975-76, out of a total of about 252,000 tractors in
India, it is estimated that about 40,000 are located in these states.
However, it is a different case for power tillers, which are nore
popular in the rice states. It is estimated that out of a total
of about 15,000 power tillers in the country, 12,000 are in use
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Table 5. Total avail able power for crop production in India,

1975- 76.
Total effect— Ayverage Total avail- %
Sour ce i ve nunbers hp per abl e hp contri—
(t housands) uni t (mllions) bution
Human 81, 600 0.1 8. 160 11. 00
Draft animals 65, 540 0.5 32.770 43. 00
Power tillers 13.7 7.0 . 096 0.13
Tractors 252 35.0 8. 820 12. 00
Di esel engi nes 1, 500 7.0 10. 500 14. 00
Electric notors 2,380 6.0 14. 280 19. 00
Power sprayers 240 1.5 0. 360 0. 48
Conbi ne harvesters 469 75.0 0. 035 0. 46
Total avail abl e power 75.021 100. 00

Total cultivated area 139.4 million ha
Total power avail abl e per

hectare of cultivated area = 0.53 hp/ ha
Total cropped area in 1975-76= 145.12 mllion ha
Total power avail abl e per

hectare cropped area = 0.516 hp/ha
Total draft power avail—

abl e per hectare of

cultivated area = 0. 358 hp/ ha

Source: Energy in Indian Agriculture, 1976. Indian Society of
Agricul tural Engi neers, New Del hi .

in these states. Thi s nunber, although small, shows a potential
for introduction of power tillers in this region.

Estimates of the availability of different agricultural
i mpl ements and machinery in India in 1966 and 1972 are given in
Table 7. The wooden plow still dom nates the bull ock—drawn
i mpl ements. The increase in nunber of iron plows during the
period 1966-72 indicates a slow progress in the adaptation of
i nproved bul |l ock i npl enents on Indian farns. The progress in
this field is still lower inrice states as conpared w t h wheat
states. The nunber of tractor-operated inplenents in the states
of southeast and east India is about 16%of their total nunber,
which is proportional to the relative nunber of tractors in
these states. About 60%of the paddy threshers may be present
in these states, a mpjority of which are the Japanese head
stripping type. Wheat threshers and conbi ne harvesters are
found nostly in wheat states of the country.
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Tabl e 6. St atewi se distribution of tractors in southeast and
east | ndi a.

State/ Union territory 1951 1956 1961 1966 1972
Andhr a Pradesh 308 1626 1762 2911 6300
Assam 206 159 489 834 500
Bi har 494 1227 1520 2132 5600
Kar nat aka 387 807 981 2595 5700
Mani pur 7 6 11 6 b/
Meghal aya N A2/ N, A, N A N A N A
Nagal and - N. A N. A 9 N. A
Oissa 59 95 194 667 1800
Tam | Nadu 325 822 1387 3875 5400
Tripura 3 7 13 9 }
West Bengal 325 450 330 1548 700
Tot al 2114 5199 6687 14596 26000
Al India 8635 21005 30944 54600 147960

a/N. A = Not available.
b/ Less than 50.

Source: Directorate of Econom cs and Statistics. Livestock
Census reports, 1972.

The distribution of engine- drivenand el ectrically operated
irrigation punps is given in Table 8. From1961 to 1972, the
total number of punps increased from390,000 to 3,246,000. This
increase was due to easy loan facilities and subsidies given by
different state governnments to the farmers for the purchase of
punp sets. The relative proportion of electrically operated punpsis
on an increase in the rural electrification programin the country.

FromFig. 1, it is observed that during the period 1960- 61
to 1975- 76, the index of area under rice regi stered an increase
from103.5 to 109.6. This owes to a | arger doubl e cropping area
and increased availability of power as well as irrigation facilities
on the farm Increase in power availability is directly rel ated
to the extent of farmnechani zation since additional power is
com ng through nmechanical - el ectrical sources. The rice yield has
shown an increase of 10.6%for all- Indiaand 14.4%in the states
of sout heast and east India during the period 1962- 65to 1971- 74
(Nati onal Conmission on Agriculture, 1976). Al though high- yielding
varieties are the dom nating factor, increased power availability
contributed to increase inyield through tinely operations. The
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Table 7. Nunmber of agricultural

i mpl ements and nmachi nery in

I ndi a.
't Thousands
em 1966 1972
Pl ow - wooden 39, 923 39, 294
- iron 3,523 5, 359

Bl ade harrow or Bakher or Guntaka 11,712)
Wet | and puddl er 2,724 1,689)
Earth | evel ers or scrapers 3,718)
Seed drills 1, 135 4,047
Mai ze shellers N. A 175
Carts (ani mal drawn) 12, 697 12, 960
Per si an wheel s or rahats 680 638
Sugar cane crusher worked by:

Power 45 87

Bul | ocks 650 678
Pl ant protection equipnent:

Sprayers and Dusters 211 413
Tractor operated i npl ements:

M B. and disc pl ow 57)

Di sc harrows 56)

Cultivators or scrapers 49)

Seed-cumfertilizer drills 25)

Seed pl ant er N A 9)

Rot avat or 6)

Trailer 55)

O her tractor operated i npl enents 18)
Power driven nachi nes and m scel | aneous

equi prent :

Wheat threshers 183)

Paddy t hreshers 14)

Threshers for other crops 10)

Mai ze shel l ers 16)

Har vest er combi nes )

Power chaff cutters 161)

O her power operated equi pnents 34)
Ghani es:

Fi ve kg and above 74 40

Less than 5 kg 159 76

Source: Agricultural Situation in India, June 1976, p. 141.

International Agricultural Machinery Workshop

51



(43

doyssyiop AIQUTYORY [RIN}NOLISY [BUOTIRUIIU]

Table 8. Statew se growth of engine driven and el ectrically operated punps, 1961-1974.
1961 1966 1972 1974
St at es Engine Electrically Engine Electrically Engine Electrically Electrically
driven operated driven operated driven operated oper at ed

Andhr a Pradesh 33, 940 17,024 46, 741 37,225 117, 000 145, 000 261, 989
Assam 76 51 362 22 500 500 694
Bi har 3,187 1,930 3,698 6, 854 40, 000 53, 000 96,922
Kar nat aka 10, 087 12, 433 24,575 27,054 43, 000 159, 000 189, 284
Mani pur 13 N A 8/ 3 N. A. 500 N. A, N. A.
Meghal aya N. A N. A N. A N. A 500 500 N. A
Nagal and N. A N. A N. A N. A N. A N. A N. A
Orissa 1, 203 129 710 189 6,000 500 2,617
Tani | Nadu 36,832 98,481 42,852 208, 485 234, 000 681, 000 681, 258
Tripura 22 N. A N. A 13 500 500 40
West Bengal 3, 637 2,561 4,162 629 5,000 2,000 6, 535

Tot al 88,987 132,609 123, 103 280, 471 447,000 1,022,000 1, 239, 339

Total India 229,971 160, 168 479,089 390,505 1,628,000 1,618,000 2,441, 045

a/NA = Not available.

Source: FarmMachinery Directory,

I ndi an Soci ety of Agricultural

Engi neers, 1977.



Table 9. Consunption of fertilizers (N+ P,O + K,0.

Kg/ ha of cropped area

State 1966- 67 1973-74
Andhr a Pradesh 15.8 26.4
Kar nat aka 7.9 17.7
Tam | Nadu 22.0 44. 6
Assam 1.8 3.5
Bi har 9.0 9.1
Oissa 3.6 8.9
West Bengal 7.1 13.6

Al'l -1 ndi a aver age - 17.3

Source: Report of the National Comm ssion on Agriculture, 1976.
Part 1-Review & Progress.

increase in fertilizer consunption in these states, shown in Table 9,
is al so responsi ble for yield increases.

Labor wages have al so i ncreased froman average of Rs. 1.75
per day ($0.22 a day) in 1960-61 to Rs. 4.50 per day ($0.56 a day)
in 1975-76 in the southeast and east region of the country. In
wheat regi ons sonme studies have shown that nechanizati on has
resulted in increased | abor enploynment and wages nmde possi bl e by
increased cropping intensity and diversified farmoperations in the
production of crops of high-yielding varieties.

LOCAL MANUFACTURE OF EQUIPMENT

The farmmachinery industry has grown substantially in India
during the last 10 years. There are at present nore than 10
manuf acturers of four-wheel tractors and 6 manufacturers of
power tillers. Figure 2 gives annual production and inport of
four-wheel tractors in India. Presently, the tractor industry
is self-sufficient with many of the nodels totally dependent on
| ocal conponents. This has resulted in the devel opment of | ocal
ancillary industries, such as manufacturing of tires and tubes,
gears, castings, batteries, dynanps, and fuel punps.

The production of power tillers began in 1963, by MS Kri shi
Engi nes Ltd. O her manufacturers were to followlater, in 1970-71
and onwards. Most of the power tillers have diesel engines with
5-12 hp. The total production of power tillers in 1975-76 was
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2. The indigenous production and imports of tractors in India.
(Source: Energy in Indian Agriculture, 1976)

2,540 against a licensed capacity of 40,000 per year. Most of
the power tiller manufacturing plants are located in rice states,
as demands for themis concentrated in these states.

The progress in the manufacture of punps for irrigation has
been rapid. There are a |large nunber of punp manufacturers in
the country. The |arge-scale manufacturers have a total installed
capacity of 508,000 units per year, 95%of which are agricultura
punps. Small-scal e manufacturers are al so produci ng punps. The
i ndustry now nmanuf actures fractional horsepower nonobl ock punps
different types of centrifugal punps, m xed flowpunps, axial
fl ow punps, deep well turbine punps, and subnersible punps of
various capacities.

In India, the engine manufacturing industries began in the
1930s and have grown to include a nunber of big and smal
manuf acturers of diesel and petrol engines. The diesel engine
industry is capabl e of producing engines up to 18,000 hp. The
nunber of production units in that organi zed sector rose from
6 in 1951 to 32 in 1975. Production fromthese units had risen
to 141,000 in 1975, conpared with about 20,000 in 1951. There
is al so substantial production of units in the small-scal e sector
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About 80% of production consists of engines up to 20 hp. A large
nunber of ancillary industries produce sufficient quantity of

engi ne conponents for engi ne manufacturers (Zachariah et al .,
1977).

A nunber of ani mal —drawn i npl enents such as pl ows, harrows,
puddl ers, cultivators, levelers, scrapers, seeddrills, ferti—-seed
drills, planters, ol pad threshers, Persian wheel, and sugar cane
crushers have been in production in the country for the last 20
years or so. Now, there are about 1,500 registered units in
various states manufacturing agricultural inplenents. In addition,
a nunber of artisans and smal | —scal e wor kshops are al so engaged
i n manufacture of such inplenents. A nunber of firns manufacture
handt ool s and i npl ements such as spade, shovel, wheel hoe, seed
drill, maize sheller, and holticultural and garden tools.

Presently, there are about 500 manufacturers engaged in the
producti on of parer—operated agricultural inplenments. The itens
of manufacture include plows, disc harrows, tillers, ferti-seed
drills, levelers, puddlers, reapers, threshers, cane crushers,
pot at o di ggers, ground nut diggers, ground nut decorticators,
trailers, chaff cutters, and sugar cane crushers.

A large nunber of ricemlls exist in India. However, these

are nostly huller type units. In 1964, the Governnent of India
i ntroduced seven nodemrice mlls, nostly in rice states. These
rice mlls performed better. Now, nore nodemrice mlls with

250-500 kg of paddy per hour are being manufactured in the country.
The nunber of fruit and vegetabl e processing industries also

increased from901 in 1961 to about 1,200 in 1975. Equi pnment
needed by this industry such as washi ng tanks, cutting nmachines,
pul pers, juice extractors, and filling machines are locally

manuf actured. Likewi se, there are about 10 | arge—scal e and
smal | —scal e manuf acturers of seed processi ng equi pnment and
ancillaryitens.

During the last fewyears |India has exported tractors, threshers,
i mpl ements, engi nes, and punping sets to countries in Southeast Asia,
Africa, and the Mddle East. However, items such as sel f—propell ed
conbi ne harvesters, tractors of 70 hp and over, and transpl anters,
are still inported fromother countries.

POLICIES RELATING TO MECHANIZATION

Total mechani zation of agriculture is not being encouraged
in India because of a possible | abor displacenment. The concept
of selective nechanization is well received and the gover nnent
as wel |l as others concerned also feel it essential.
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To encourage the local manufacture of agricultural inplenments
and machi nes, many of the products such as power tillers, engines,
implements, and agricultural discs are put under the priority
sector and receive preferential treatnent in the allocation of
rawmaterials. The governnent has encouraged all banks to extend
credit facilities to farners at a 10- 14%early interest rate
for purchase of tractors, power tillers, punp sets and other
agricultural equipnent. The manufacturers of this equipnent al so
get bank | oans at 10-15%i nterest rates.

The tax policy of the central and state governnents in
respect to agricultural machines and inpl enents has been unfavorabl e
for the last 5 or 6 years. The taxes and other governnmental |evies
on a tractor, which ultimtely beconme payabl e by the farner consi st
of:

1. Inport duty and ad val oremduty on inported conponents
and rawmaterials from40%to 120%

2. Exci se duty of 18% payabl e on ex factory cost of
manuf act ured itens/ conponents/finished tractor.

3. Central sales tax of 4% and state sal es tax of about
7%o0n an aver age.

4. Cctroi and surcharge.
5. Road tax and m scel | aneous t axes.

Besi des the duty payable on fully built tractors, excise
duty of 15 to 25%is payabl e by manufacturers of engine parts,
tires, batteries, starter notors, and radi ator hoses. Due to
i ncreased taxes on the conmponents and on the tractors, the prices
of the latter have gone up to about two and one-half times during
the last 6 years. The high cost of power tillers, conbine harvesters,
engi nes, and other inplenents naturally slowed down their utilization
onthe farm

The governnment is still anxious to pronote selective
mechani zation. One Agro-lndustries Corporation has been opened
in each state to pronote farmnmachi nery manufacture, sales, and
utilization in the state. Table 10 lists the activities of
Agro-Industries Corporation in the states of southeast and east

I ndi a. In addi tion, a nunber of machinery hire and service centers
have been opened by either state governnent or private entrepreneurs
to conplenment the efforts of the corporation. Easy | oans, etc.

are provided to private entrepreneurs as incentive.

The joint ownership systemis rare. Usually it is individual
or state ownership of machinery, Farners owning 6 to 8 hain rice
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Tabl e 10. Machi nery owned by Agro- | ndustriesCorporation for
custom- hirework.

Pneumatic Crawl er Power Rigs for Well revita-

State tractor tractor tiller tubewells lizing units
Andhr a Pradesh 26 168 - 57 28
Assam 20 - 9 - }

Bi har 162 - - - }
Kar nat aka 106 145 11 70 44
Orisa 18 8 - - -
Tam | Nadu 68 - 30 - -
West Bengal 40 - 11 - -

Tot al 440 321 61 127 72

Al India 1,409 367 79 128 118

Source: Agricultural Engi neering Today, August 1976.

area may purchase a tractor together and naxim ze its use by doing
the job for other farners on a hire basis. Werever nechani zation
has been introduced, it has resulted in increased | abor wages.

In spite of positive efforts by the governnent, the country still

| acks a conprehensi ve mechani zation policy that can be integrated
wi th devel opnent goals in the agriculture sector.

RESEARCH, DEVELOPMENT, EVALUATION, AND EXTENSION

The I ndian Council of Agricultural Research is the main
organi zati on of the Governnent of India |ooking after all
agricultural research, includingagricultural inplenents and
machi nery. |t coordinates a nunber of plans with centers at
four to seven places in the country. Ad hoc plans are al so
financed by |.C. A R Each state governnent has its own research
organi zation at state |level. However, a mmjor portion of research
on agricul tural nmachi nes and mechani zation is bei ng conducted by
different agricultural universitites in the country. Each of
the maj or states has at |east one agricultural university. The
ext ensi on work on farmmachi nes and i nplenents is being done by
state governnents and agricultural universities. Council of
Scientific and I ndustrial Research, different institutes of I.C. AR,
and manuf acturers of agricultural inplenents and nachi nes al so
either have their own research wings or finance research on farm
machi nes and mechani zati on.

A research programusual ly concentrates on the devel opnent
of equi pment suitable to Indian farm ng conditions. Many tines
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adaptive research is done instead of starting desi gn and devel opnent
afresh. Here the objective is to inprove upon the perfornmance of

i ndi genous i npl enents or devel op a new i nplenent that can either
increase | abor productivity or conpletely nmechani ze the operation
where a | abor or power shortage hinders conpleting the work on
tine.

FUTURE DIRECTIONS

The present policy of encouragi ng sel ective nechanization is
expected to continue. All the research and extension activities
by different organi zations will continue on the existing |lines.
The governnent encouragenent for hi gher production by industries
may be nore due to the possibility of higher export by these
i ndustries and i ncreasi ng nechani zation in the country. Mechanization
of agriculture inrice states may not progress rapidly due to slow
introduction of power tillers and the relatively |less effectiveness
of four-wheel tractors under wetl and paddy conditions. The progress
of mechani zation will very nmuch be affected by the policy of the
governnment regarding taxes and exci se on machi nes and price of
agricultural produce inrelation to the price of inputs.

However, to cope with the demand of food for a grow ng popul ati on
it is necessary to fully exploit the untapped potential of agricultura
production through increased average yield per unit area and bring
nore area under double cropping. To achieve this goal, it will be
necessary to use nore punp units for irrigation and use nore
tractors and power tillers along with inproved equi pment for
provi ding additional draft power for tinmely operations. It
nmeans that nmechani zation is bound to progress steadily in this
country.
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STATUS OF AGRICULTURAL MECHANIZATION IN NEPAL
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SUMMARY

Though agriculture is the main occupation in Nepal,
most farm operations are still carried out manually

or by animal power with indigenous tools and implements.
Productivity of land and labor is low. Chemical
fertilizers, improved seeds, disease- and pest-control
chemicals, and improved implements and machines are

just beginning to be introduced.

The scientific agricultural development program was
launched about 2 decades ago. Nepalese farmers are
quickly adopting new methods and practices to increase
production. Power machines are used by farmers with
bigger land holdings in the plains region and valleys,
but only for a few farm operations. The bulk of

arable land lies in hills and is unsuitable for machine
operations.

INTRODUCTION

Nepal is nountainous with a total area of 14.1 mllion ha -

2.3mllion cultivated (16%9. Fromnorth to south, it can
roughly be divided into three main geographical regions - the

Hi mal

ayan belt, the nountainous region, and the plain (tarai).

Stretching al ong the southern border, the tarai consists of
along strip of plains. It has a subtropical clinmte and, being
a part of the Gangetic plains, forns the major portion of the

agricultural area of the country. This region has 36.4% of the

country's popul ation of nearly 12.9 million, one- sixthof the

t ot al

area, 70%of the total cultivated area, and produces 60%

of the gross agricultural output. Nearly two- thirdsof the

popul ation live in the central hills and H mal ayan regi ons, which

occupy about 30%of the total cultivated area and produce 40%
of the gross agricultural output.
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Ni nety-four percent of the total population is engaged
in agriculture, which contributes about 66%of the total national
income. Agricultural comodities make up over 60% of the country's
total exports.

Hi s Maj esty's Governnent has accorded top priority to the
devel opnent of agriculture in each 5-year plan.

General ly, all crops are grown under natural rainfall.
Yields are | ow and uncertain. Total failures occur. Before
initiation of the first 5-year plan in 1956, only 14,000 ha of
land had irrigation facilities. Table 1 shows the inprovenent in
irrigation facilities during the last 2 decades. By the end of
the fourth plan period, about 8% of the total cultivated land in
Nepal was under irrigation.

The present pattern of land utilization is shown in Table 2.
Per capita availability of land is only 0.18 ha and average farm
size is about 1.23 ha. This population density as conpared to the
surface arable land is considered high. Since agricultural |and
is limted, the agricultural devel opnment programhas to place
greater enphasis on increasing |and and | abor productivity by
i ntensi ve and nodern nethods to feed the popul ation, which is
growi ng by 2.07%yearly.

Tabl e 3 shows that 83% of the farners with 28.5% of the
total cultivated |and have | ess than 3 ha each. Any devel opnent
programhas to take into account this major portion of the
popul ati on.

Table 1. Devel opnent of irrigation facilities through 5-year
pl ans.

Irrigated area/

Fi ve-year plan devel oped, ha

Before first plan 14,700
First plan 1956 - 1961 17,200
Second pl an 1961 - 1964 26,500
Third pl an 1964 - 1969 59, 090
Fourth pl an 1969 - 1974 72,510

Target for fifth
pl an 1974 - 1979 123. 000

Tot al 312, 000

Source: Shreshtha, B.P. 1974. An introduction to Nepal ese
econony.
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Table 2. Statistics on | and use in Nepal.

Land type (Ogroer?a) Per cent
Tot al geographic area 14, 106 100
Forest area 4,475 32
Area under perpetual snow 2,112 15
Area under rivers, canals,

roads etc. 1,077 8
Area unrecl ai mabl e 2,566 18
Area recl ai mabl e 1, 550 11
Area under cultivation 2,326 16

Source: Economi ¢ Anal ysis and Pl anni ng Di vi si on, HMG

Table 3. Distribution of Iand hol dings in Nepal.

Si ze of hol ding, ha Househol d, % Area, %
Less than 1 63.5 10.5
1-3 19.5 18.0
3-5 17.1 12.0
5 - 10 5.8 21.0
10 - 15 2.1 11.0
15 - 20 0.9 7.0
20 - 30 0.5 5.5
30 and above 0.6 15.0
Tot al 100 100

Source: Zaman, M A 1973. Evaluation of land reformin
Nepal .

Food crops occupy 97% of the total cultivated area and cash
crops only 3% Rice is the main crop grown on about 85% of the
total cultivated land, and inproved varieties of paddy cover
about 222,600 ha, which is close to the wheat acreage. The main
crop inthe hills is maize. |In the tarai and valleys, wheat or
pul ses are grown after paddy. A double paddy crop is grown in
the irrigated area. The cropping intensity of paddy is 115%
Aver age yields of paddy are 2.1 t/ha, naize 1.8, and wheat 1.0.
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CURRENT STATUS OF MECHANIZATION

Agricul tural operations fromland preparation to grain
storage rely primarily on ani mal and nman power. Animal power is
used for |and preparation and threshing and ot her operations are
done manual ly. Hence, |abor productivity is |ow.

The rate of growth of agricultural mechanization in Nepal
is rather slow No machinery is used in the hill and nountain
regions. In areas where doubl e cropping of paddy and wheat prevails,
the time factor is critical to prepare the land for the next crop
on one hand and to thresh the preceeding crop in tine on the other.
Four-wheel tractors and power tillers are used nmainly for |and
preparation in the tarai and vall eys.

Wil e intercroppi ng, power spraying, harvesting, and
t hreshi ng equi pnent are badly needed to conpl ete operati ons on
time, they are neither used nor popular anmong farners. High initial
cost, shortage of spare parts, |lack of repair and nai nt enance
facilities, and a lowlevel of technical know how are a partial
expl anation. Even farnmers who have tractors own only limted
equi pnment, such as a cultivator, disc harrow, and trailer.

During the crop season, tractors are used to haul both
agricultural and nonagricultural goods. In fact, tractor hauling
of nonagricul tural goods has been widely used in small villages and
t owns where roads becone inpassable to | arge trucks.

Though accurate data are not available, Table 4 gives nore

information on the increnental change in use of farmmachi nes over
time. It is noteworthy that the increase of farmnmachined is slow

Table 4. Farmmachinery data for Nepal.

. Year
Machi ne 65/66 66/ 67 67/68 68/69 69/70 70/ 74 _74/75 Total
4- wheel
tractor 111 57 73 195 358 1,061 195 2,050
Power tiller - - - - - 100 300 400
Irrigation
Purrp sets - 10 40 100 l, 130 2, 032 3, 500
Source: Agricul tural Devel opment Bank of Nepal .
Note : Country paper on Agricultural Mechani zation - Nepal, by
S. N Regm, reports there were 585,000 draft aninmals
in1966.
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even though the Agricultural Devel opment Bank of Nepal provides
loans to farmers to purchase them It also inports tractors and
irrigation punp sets and distributes themto the farners.

Tractors are inported mainly fromlndi a and Engl and, power
tillers fromJapan, and punp sets fromlndia and Japan. There is
no i medi ate plan to manufacture such equi pnent |ocally.

No reliable data are avail able detailing changes in farm
production and farmincone as a result of nechanizing farm
operations. But it can be safely assuned that production has
increased to sone extent due to tinely | and preparation and sow ng.
Land preparation with ani mal power takes about 96 hr/ha and costs
$20; power tiller, 20 hr and costs $45; and with a four - wheel
tractor (35 hp), 8 hr and costs $70. The nunber of tractors is
small inrelation to the total cultivated |and, so |abor displacenent
i snegligible.

LOCAL MANUFACTURE OF EQUIPMENT

Smal | hand tools and wooden plows are | ocally made by vill age
bl acksm ths. Sonme private conpani es manufacture other inplenents such as
1 tontrailers and cultivators. Data on such inplenents and tools
are not avail able

The Agricultural Tools Factory in Birgunj is the only major
manuf acturer of agricultural inplenments. There are sone factories
and wor kshops willing to produce farmnmachi nes of acceptabl e
quantity if they receive firmorders. Table 5 shows the nunber

Table 5. Production of agricultural inplenments by Agricultural
Tool s Factory.

Year

Machine or tool - <5555 73774 74775 75/76 76/ 77 Total

Tractor -

cul tivator - - - - 34 156 24 24
Tractor disc-

har r ow - - - 3 13 8 16 40
Trailer, 3t - 21 42 79 65 86 36 329
Trailer, 5t - - 12 2 6 5 61 86
Trailer, 1t - - - - - - 74 74
Power thresher - - - - - 9 - 9
Pedal thresher 246 226 332 195 112 94 66 1271
Ani mal pl ow 5610 3372 2797 2392 5208 1106 955 21440
Si ckl e - - - - - 2205 2244 4449
Hand t ool s-

spade, rakeetc. 8082 7802 6788 10042 18180 13702 6186 70062

Source: Agricultural Tools Factory, Birgunj.
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and types of inplenents manufactured and sold by the Agricul tural
Tool s Factory.

Al rawnetals for inplenents are inported, nmainly from
I ndi a. Local | y manufactured power-dram i npl enents are working
satisfactorily and fulfilling the present demand.

POLICIES RELATING TO MECHANIZATION

The introduction of agricultural inputs such as cheni cal
fertilizer, inproved seeds, and farmmachines is quite newto
Nepal ese farmers. Under the present agricultural practice, |and
preparation, sow ng, harvesting and thershing are the main
oper ations which face | abor shortages and need to be perforned
within alimted tine interval. These operations need to be
nmechani zed to i ncrease production.

Enphasi s has been given to nodernizing agricul tural
practices. The Agricultural Devel opnent Bank of Nepal provides
loans at 14%interest per year. The inport tax on farmequi pnent
has been reduced to 1% of CIF or FOB price of inported equi prnent.
No special incentives have been provided for the purchase of fuel
and lubricants for agricultural purposes.

There are nmany constraints to nodernizing farmoperations.
Poor irrigation facilities, small and fragnented | and hol di ngs,
| ow yi el ds, dependence of a mpjority of the population on
agriculture and the resultant | owwage rate, expensive inported
machi nes, high cost of fuel and lubricants, nonavailability of
spare parts and repair shops, and the | ack of technical know how
are the main handi caps in the nechani zation of agriculture in
Nepal .

Sone help is providedto the farners in the formof |oans,
farmmachi nes, and other inputs by the Agricultural Devel opnent
Bank and the Agricultural Input Corporation. District Agricultural
Devel oprnent of fices provide informati on and techni cal guidance to
encourage and broaden the know edge of farnmers in the use of nodern
farmequi pnent. The Agricul tural Engi neering Research Division
trains farnmers in the proper use of farmequi pnrent and al so
arranges field denobnstrations of suitable equi pnent.

Agricultural research stations and farmsituated at different
agroclimatic conditions have a nunber of tractors and other
equi pnent; nost of the field operations are nechani zed. These
stations and farmserve as pilot projects for farmmechanization.
They have been a source to encourage farmers of nei ghboring
villages and districts to nechani ze.
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RESEARCH, DEVELOPMENT, EVALUATION, AND EXTENSION

Consi dering the Nepal ese farmers' soci o—econonic condition,
size of | and hol ding, and geographic features, aninmal and hunman
force are the main power for agriculture. Mechanical power is
increasing gradually. About 585,000 ani mal s are avail abl e
for farmwork. Therefore, to utilize the avail able ani nal and
human resources nore efficiently and effectively, the priority on
research and devel opnment work has been given mainly to ani mal —
drawn i npl enents and hand t ool s.

Ext ensi on work on suitable inplenments and tools is carried
out indifferent districts to famliarize farners with the uses of
improved i npl enents. People are being trained to efficiently
operate tractors and associated i npl enents. This type of research,
devel opnent, and extensi on work has been carried out by the
Agricul tural Engineering Research Division, under the Departnent
of Agriculture on a priority basis in the tarai region.

Ani mal and human power have to be fully utilized to enploy
a maxi numnunber of people in agriculture. Investnment in
agricultural machinery is long termand the returnis slowin
conparison with chemcal fertilizers and i nproved seeds.

For the tinme being, the governnment has fornulated a policy to
use its limted financial resources only on snall and short—term
projects. Many people will directly benefit through an increase
in productivity of land and | abor. Aninmal and human power wil |
remain the main power in agriculture for a fewnore years; research
and devel opment work on ani mal —drawn i npl enents and hand tool s
wi Il be continued. Research on suitable methods of nechani zation
will also be carried out at different governnental farns and
stations.

FUTURE DIRECTIONS

Ani mal and human power will be the main source of energy
for small farmers for many years. But 38.5%of the land is
suitabl e to nechani zed farm ng for which about 20,000 four—-wheel
tractors, besides power tillers for small farms, wll be needed.
Hence, the farmnechani zation programshoul d be approached from
thi s angl e.

During the last fewyears, prices of farmnachinery and
petrol eumproducts have al nost tripled. Bank interest rates of
14% for farmmachi nery are the sane as for chemcal fertilizers
and i nproved seeds and are relatively unattractive because the
return fromfarmmachi nery takes | onger. Before inplenenting
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any nechani zati on program these problens should be anal yzed
and sol ved.

Farmnechani zation will follow only after the adoption of
intensive cultivation practices, which are still to be spread
t hroughout the country. Wth land the limting factor, production
has first to increase through intensive cultivation and ot her
i mproved agronom c practices. Adefinite policy to pronote a farm
mechani zati on programsuitable to Nepal ese conditions has yet to
be desi gned and i npl enented. At present, nechani zed farm ng on
a cooperative basis seens logical; its feasibility has to be
st udi ed.

REFERENCES

Pant, Y. P. and S. C. Jain. 1969. Agricultural Devel opnent
in Nepal, 1st. ed. Vora & Co. Publishers Pvt. Ltd.
Bonbay - 2.

Shreshtha, B. P. 1974. An Introduction to Nepal ese Econony,
3rd ed. Ratna Pustak Bhandar, Kathnmandu.

Zaman, M A 1973. Eval uation of Land Reformin Nepal, 1st.

ed. Planning, Analysis and Publicity D vision, Land Reform
Dept. HMG of Nepal .

68 International Agricultural Machinery Workshop



STATUS OF AGRICULTURAL MECHANIZATION IN BURMA

U HLA TIN

ASSISTANT DIRECTOR, AGRICULTURAL MECHANIZATION DEPARTMENT
MINISTRY OF AGRICULTURE AND FORESTS
SOCIALIST REPUBLIC OF THE UNION OF BURMA
NO. 459, PROME ROAD, RANGOON, BURMA

SUMMARY

Agriculture accounts for 60% of Burma's GNP, 57% of
export earnings, and 65% of the employment. Rice is
Burma's major crop and is grown on about 60% of the
total sown area.

The use of tractors began in 1945. In 1962 four-wheel
tractors were introduced on a mass scale to help solve
the shortage of draft animals in the postwar period,

to extend double cropping practices, and to expand the
industrial crop area. About 7,900 tractors and 350
power tillers are operating in Burma's agricultural
fields. In addition about 93,200 ha are sown to second
crops using pumps to supplement water supplies.

Tractors and other agricultural machinery, except some
implements, are locally assembled. Indigenous agricultural
machinery manufacture by small private firms is unorganized
and unsystematic.

According to the country's goals, development of
mechanization in Burma involves: 1) establishing
large-scale state and cooperative farms and complete
mechanization of them, 2) extension of tractor custom
hire services to farmers, 3) introducing power tillers
for rice cultivation, 4) extension of pump irrigation,

5) increasing local assembly and production of agricultural
and machine parts.

INTRODUCTION

General
The Soci alist Republic of the Union of Burma has a | and

area of sone 66.9 million ha. It has four distinct climtic and
t opogr aphi c regions: 1) Western and Northern Hills, 2) Shan
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Pl ateau, 3) Central Region, and 4) Arakan and Tenasserim
Coastal Regions. The Central Region is the nost densely settled
and conprises a fertile | ower wet zone, a central dry zone, and
a northern wet zone. Administratively, Burma is divided into
seven states and seven divisions, each state and divisionis
subdi vi ded i nt o t ownshi ps.

About 27% of the country -- 18 million has -- is considered
arable, but only 8 mllion are under cultivation. Another 1.96
mllion has are fallowwhile the remaining 8.04 mllion are
classified as cultivable waste | and, nobst of which is unsuitable
for rice, the staple crop. Forests cover about 32 mllion has
of which sone 9.4 million is reserved and produci ng many species

of val uable tinber, particularly teak.

Agriculture

The agricultural crop sector accounts for nearly 60% of
the GNP, about 57%of the total exports, and 65%of the population's
enpl oynent. According to the 1973 census, Burma's populationis
31.5 mllion, of which 70%is directly or indirectly dependent
on agriculture for its livelihood. Farmlabor constitutes 65%
of the country's labor force -- 8.1 mllion out of 12.4 mllion.

There are about 4.3 million farmhol dings with an average
size of 2 ha spread over 70,000 villages. Tenancy and absentee
owner shi p have been abol i shed since 1963 and all land is owned by
the state. Farnmers have a usufruct on land right (right to
occupy and cultivate land); usufruct can be inherited by nenbers
of the fam ly who participate in cultivation.

Rice is Burma's major crop; it is grown on about 60% of the
total sown area. In 1975-76, the total sown area of rice was
4.9 mllion has, 17%of which is under irrigation. About 70%
of the area under paddy is in Lower Burma, mainly in the Irrawaddy
Delta. Mostly local varieties are grown and only about 16% of
the total rice area is sown to nodern varieties (M) due to
i nadequate water control. But the NV paddy area has increased
during the present decade from 360,000 has in 1970-71 to a
little over 800,000 in 1975-76.

Besi des rice, Burma grows nmany other crops. The nore
important are maize, mllet, pulses, oil seeds (groundnut and
sesanmun), wheat, cotton, jute, sugar cane, onion, garlic,
chillies, tobacco, and vegetables. Cotton cultivation as well
as jute and sugarcane, being the industrial crops, are becom ng
popul ar and the governnent has | aunched a special drive to
i ncrease the acreage.
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Irrigation

Wth 960,000 ha or 12% of the net sown area presently under
sone formof irrigation, the ratio of irrigated to cultivated
land is low. Lack of water control is a major constraint to the
wi despread adoption of MVs and to the achi evenent of higher
yields with local varieties of all crops. |Irrigation devel opnent,
therefore, has high priority in Burma's strategy for devel opi ng
the agricultural sector.

Only about 3% or 140,000 ha are currently rice doubl e-cropped
due to lack of storage facilities for dry season irrigation.
Irrigation water cones nostly fromthe Irrawaddy River and its
tributaries and is used primarily to suppl enment nonsoon rainfall during
the wet season for paddy, nostly in the Central Dry Zone, and
to a much smaller extent to irrigate other crops in the dry
season. About 348,000 ha are irrigated by wells, ponds, punps,
and ot her sources, mainly small streamdiversions. I n addition,
there are about 2300 knms of enbankments, mainly in the Delta, to
reduce the effects of floods fromthe Irrawaddy River and its
tributaries. These enbanknents presently protect nearly 800, 000
ha of cultivated | and.

Though irrigation has been considered necessary for progressive
and successful agriculture, its devel opnent has been rather slow.
Before Wrld War 11, Burnme had about 650,000 ha (or 9% of the
cultivated area) under irrigation. By 1974, this had been
expanded to 1 million or 10% of the cultivated area. Nearly 50%
of the irrigation facilities are under the managenent of the
IrrigationDepartnent.

CURRENT STATUS OF MECHANIZATION

Founding of Mechanization Department

Agricul tural nechani zation, mainly the use of four-wheel
46- 50hp agricultural tractors, was started in 1953. The
Mechani zati on Project Departnent was forned as a branch of the
Agricul tural and Rural Devel opnent Corporation in 1962. |Its
pur pose was to help solve the problemof the shortage of draft-
ani mal power and especially to expand doubl e cropping practices.
In Cctober 1972, to better define its role in pronoting agriculture,
it was reorgani zed as a separate Departnent.

The mai n functions of the Agricultural Mechanization
Depart nment are:
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1. Extend tractor customhire services to farmers for |and
preparation. Priority is given to those farmers cultivating
for double cropping and to industrial crops.

2. Sell tractors, power tillers, water punps, and other
agricultural inplements to village cooperatives and
groups of farners.

3. Take responsibility for the maintenance and repair of
devel oprment - owned tractors and machinery and cooperative-
owned ones as well.

4, Train tractor operators, tractor mechanics, and other
technical cadres required for mechanization.

5. Try to introduce various farminplements, other than
for tillage, through proper and systematic research.

6. Prepare and inprove the |ong-abandoned fallow and newy
reclaimed lands for normal cultivation practices.

Type of agricultural machinery employed

The Agricul tural Mechani zation Departnent (AMD) has
establ i shed 88 Agricultural Tractor Stations (ATS) throughout
the country except in Chin Hlls and Tannasseri m Coastal Regi ons.
These stations, with their 4,000 tractors, have prepared 280, 000
ha annual ly for nulti-cropping.

Besides tillage, the follow ng farmnachi nes are being
eval uated and put into use when found suitable:

Seeders for corn, pulses, etc.,

Pl anters and ratooners for sugarcane,
Inter-rowcul tivators,

Tool bar with different attachnents,
Peanut |ifter wi ndrower,

Paddy harvesters, and

Spr ayers.

NOoOGORWNER

According to the tasks undertaken by AMD., 3,335 four-
wheel 50 hp tractors with plows and harrows, 350 power tillers,
26, 000 wat er punps, 500 paddy threshers, and 195 rice hullers
had been sold to farmer cooperatives and farnmer groups up to the
end of 1975- 76.In addition there are about 400 individually
owned tractors. Therefore, it can be said that all together
about 7,900 four-wheel tractors and nearly 350 power tillers are
operating in Burma’s agricultural fields.
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O her than four—-wheel nedi um-sized tractors, power tillers
have al so been introduced, especially inrice cultivation, and
found to function reasonably well in sone rice areas. Trials
usi ng conbi ne harvesters are under way.

Training of mechanization extension cadres

Al'l agricultural machinery is locally assenbled in Burnma
and A MD. takes responsibility for distribution as well as
education on proper use of these nachines. In the past decade,
15,000 tractor operators, 3,000 driver—nechanics, 1,500 nechanics
and 500 ot her technical tradenen were trained by A MD. Training
Centers. In addition, information on proper utilization of
tractors and i nplenents are dissenm nated to village cooperative
executive nenbers and farnmers through occasi onal neetings in
thevill age.

Repair facilities

Mai nt enance and repair of tractors and agricultural machi nery
are the responsibility of AMD. repair workshops. The repair
division of the AMD., therefore, provides repair and mai ntenance
facilities at its tractor stations, two Base Wrkshops, and
five Medi umWorkshops. The effectiveness of repair work is,
however, |ow due to inadequate spare parts and wor kshop equi pnent.
| nprovenent of existing workshop facilities and extension of new
repair shops, as well as fulfillnment of required spare parts are,

t heref ore, badly needed.

LOCAL MANUFACTURE OF EQUIPMENT

Source of agricultural machinery

Al tractors, power tillers, water punps, and other
agricultural machi nery now operating in Burma's agricul tural
crop sector are assenbled locally by the Heavy | ndustry Corporation.
Fifty hp four—wheel tractors are purchased from Czechosl ovaki a,
and power tillers and water punps from Japan. |nplenents (plows
and harrows) for tractors are inported fromvarious countries.

The Heavy | ndustry Corporation of Burma plans to increase
assenbly and production, not only of tractors, power tillers,
and wat er punps, but al so other machi nery and inplenents such as
sugar cane pl anters, sugarcane ratooners, and peanut di gger
wi ndrowers, during Burma's Third Four-Year Period. At the sane
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time the content ratio of |ocally made nachine parts in nachinery
will also be increased. The main difficulty in the donestic
production of machine parts for machinery is in the rawmaterials
shortage, especially steel. Technol ogy and i nvestnment probl ens
al so need to be consi dered.

Indigenous farm machinery production

In the production of indigenous farmnmachinery, there are
two governnent engineering plants, both in Rangoon. These plants
are experinmenting with the production of such inplenents as
ani mal -driven rotary blade-harrows, inter-row cultivators, and
paddy threshers. Rice transplanters are al so bei ng eval uat ed.

Many fam | y-sized machi ne shops all over the country are
engaged in the manufacture of agricultural inplenments. These
smal | manufacturers, however, do not have the qualified engi neers
nor sufficient capital to produce spare parts and farmmachi nery
of good quality. Lack of an effective quality control system
and unavail ability of precision manufacturing and i nspection tools
severely constrains their ability to produce things of superior
quality.

POLICIES RELATING TO MECHANIZATION

Burma is basically a country of small farnms. The nunber
bel ow 2 ha per famly conprises 63% of the total nunber of farm
hol di ngs. Furthernore, the average size of farmplots ranges
from0.01 ha to 0.05 ha. Such small farmsize makes it nearly
i npossi bl e for nost farmers to have their own nachines or to
wor k i ndependently with four-wheel tractors.

In accordance with the guidelines of the governnent for
t he devel opnent of agro-industries, sugar cane, cotton, and jute
are three main industrial crops which need tractors in their
cultivation. Sugar canerequires deep tillage and hence the | and
has to be plowed four to five times with intermttent harrow ng
using ani mal power. A pair of bullocks requires about 2 nonths
to bring 1 ha of land fromprimary plowing to planting of sets.
Wth tractors, the total tine required isamtter of days. In
Decenber and January the soil is in the best condition for
cultivation. Hence, with such a short period for |and preparation,
to achi eve self-sufficiencyin sugar, further expansion in sugar cane
requi res nechani zati on.

Expansi on of cotton production also needs the hel p of tractors.
Expansion is nostly in the dry zone of Upper Burma. The heavy
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clay soils inthis area have a limted supply of irrigation water,
and to take advantage of available water for sowing, tillage has
to be perfornmed on dry, hard soil before irrigation. Since |and
preparation has to be done during January, the period of tillage
is short. To conplete thework in tinme, to plowthe hard dry clay,
and to neet the planned expansion, nechanization is necessary.

Premonsoon jute is sown in March, generally with the aid of
punp irrigation. The soil has to be prepared during February and
March, the hottest and driest of the year. Aninmal power is scarce
and the soil is difficult to work with aninmal. Farners al so have
to keep their animals well - fedand ready for the wet tillage of
rice in the com ng nonsoon. Mechani zation, therefore, is required
to expand jute production.

Wthin the framework of the Four-Year Econom c Pl an, Burnma
i s expandi ng oil -produci ng crops, such as peanut, sesanum and
sunfl ower, to achieve self-sufficiency. Peanut is sown as the
second crop after rice in | ower Burnma. I'n Novenber, while rice
is still inthe threshing stage, |and preparation for peanut
sowi ng has to begin before the soil dries up. Generally, farnmers
and animals are still fully engaged in harvesting and threshi ng,
wi nnowi ng, and transporting paddy. Tractor services, therefore,
are required to permt cultivation of this second crop.

Need for power tillers

In rice mechanization, soil preparation during the rainy
season i s not possible with four-wheel tractors in Burma due to
their weight and the poor traction conditions of the clay soils.
But power tillers are successful on nost of the wet rice fields.
Accessibility to individual plots on each farmis nuch better
than with four-wheel tractors. \Wenever there is a hardpan | ayer
of about 125 mm- 150 mmdepth, the tiller is found to be excellent
in the preparation of wet soil. In soil where no hardpan | ayer
exi sts, the puddling can be done before the | ower soil |ayer
gets too soft for use of the tiller.

The river banks and islets which are under flood during the
annual nobnsoon or once in 5-10 years retain very fertile silt
deposits after the flood. A shortage of aninmal power as well as
lack of accessibility to four-wheel tractors in those areas are the
mai n problens. Transport and accessibility of tillers in those
areas are quite easy and at the sane tine the light, friable
silt soil suits the tillers. The crops grown are nminly peanut,

t obacco, pul ses, and chillies.
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Prospects for large-scale mechanized farms

Burma plans to establish cooperative farns and state farns
-- large-scale agricultural enterprises -- through the cooperation
of farnmers and | and reclamation. The target area of these farns,
to be established by cooperative and, sectors, will anount to sone
60, 000 ha in the Third Four-Year Plan period from 1978-79 to 1981-82
These units will provide a favorable climte for nechanization
The effective use of four-wheel tractors can be expected on such
| arge farmareas.

General policy on mechanization

The devel opnent of nechanization in Burma is expected to
result inthe foll ow ng:

1. Mechanization of rice cultivation in the private sector
t hor ough use of power tillers.

2. Extension of tractor customhire service to farners who
cultivate industrial crops such as sugar cane, cotton
and jute through agricultural tractor stations and
cooper ati ve-owned st ations.

3. Conpl ete nechani zati on of cooperative farns and state
farns.

The general policy of the Government of Burma is to help
farmers through provision of adequate facilities to increase
farmer income through doubl e cropping, The governnent al so ains
to pronote | and and | abor productivity on | arge-scal e state-owned
and cooperative farnms through full nechanization

RESEARCH, DEVELOPMENT, EVALUATION, AND EXTENSION

Research work, not only on farmnachinery, but also on
met hods and patterns of cultivation, can only be inproved and
strengt hened through recruitnment of qualified research workers
and installation of research facilities in governnent agencies,
universities, and institutes currently engaged in agriculture and
agricul tural machi nery research. Large groups of technicians or
research workers need to be sent abroad or to |local universities
for advanced study or short course training. To train engineers
to conduct research, the establishnents for agricultura
nmechani zati on research are pl anned
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FUTURE DIRECTIONS

The Governnent of the Socialist Republic of the Union of
Burma has a nunber of prograns and plans to pronote agricul tural
mechani zation during the Third Four-Year Plan. The general plan
is

1. Acconplish conpl et e nechani zati on of sel ected crops,
such as sugar cane, peanut, corn, and jute cultivation
on state and | arge cooperative farns that will be
devel oped during Third Four-Year Plan period.

2. Extend tractor customhire service to farners who
cultivate industrial crops of sugar cane, cotton, and
jute. This will be done through state-owned tractor
stations and by distributing nore tractors and agricul tural
machinery to village cooperatives and farmer groups by a
suitable credit system

3. Introduce nore power tillers for rice cultivation.

4., Use nore punp irrigation to expand doubl e croppi ng and
for intensive cultivation.

5. Increase assenbly and production of farmmachi nery so
as to neet farmer demand.

The mai n objective of the nmechanization programduring the
Third Four-Year Plan is to fulfill the requirenent of the agro-
i ndustry of the country, expand doubl e cropping to i nprove per
capita income of the farnmers, and interest farners in cooperative
farm ng by showi ng the advantages of the use of nachines on |arge-
scal e farns.
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STATUS OF AGRICULTURAL MECHANIZATION IN INDONESIA

IR. R. DADANG TARMANA

AGRICULTURAL ENGINEER
DIRECTORATE OF FOOD CROPS PRODUCTION
DEPARTMENT OF AGRICULTURE
PASAR MINGGU, JAKARTA, INDONESIA

SUMMARY

Mechanization in Indonesia is considered a supporting agent to
the increase of food crop production. The number of cattle

is decreasing and it is only a matter of time until agricultural
mechanization will take place. There is concern among some that
agricultural mechanization could create undesirable labor
displacement, hence, the concept of selective mechanization is
felt to be most suitable for the Indonesian situation. A
Testing Committee has been established to control imported
agrg:ultural machines and promote those that are locally
made.

The potential is available in Indonesia to manufacture simple
agricultural tools and equipment and, if the demand for this
type of equipment is confirmed, local manufacturers could
shift their production to agricultural machines.

INDONESIAN AGRICULTURE

Total |and area of the Republic of Indonesiais 190.5 million
hectares -- about 30%is estimated to be potentially suitable for
agricultural devel opment (Table 1).

The climate is seasonal ; between June and Septenber is an
east nonsoon, and Decenber through March is a wet nobnsoon. The
general nean tenperature is 33°C (nmaxi mum) and 21°C (m ni nmum .
Hum dity i s between 60%to 100%

Irrigated area recorded is 4.0 mllion hectares, and 2.6
mllion of it is located in Java. Sone can be used for nultiple
croppi ng.

The 1963 Agricultural Census showed 12.26 mllion farns with
a total of 12.88 mllion hectares. Ten years later there were
14.4 mllion farnms with 14.17 mllion hectares.

Farmsi zes are not uniformin Indonesia. I n heavily popul at ed

areas they range from0.1 to 3 ha, while in I ess densely popul ated
areas fromO0.5 to 10 ha or nore (Table 2).
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Table 1. Land area and popul ati on potenti al .

Tot al Area with Area Tot al
Regi on area agricul tural presently popul a-
(ha) potenti al cultivated tion
(000, 000)
Java, Madur a,

Bal i, 13.774 8.0 8.4 55.1
Sunat er a 47. 36 19.3 5.6 20.8
Kal i mant an 53. 95 17.1 1.6 5.15
Sul awnesi 18.9 7.0 1.2 8.53
Nusa Tenggara

& Mal uku 8. 80 7.9 0.7 3.59

Tot al 142. 784 59.3 17.5 93.17

Source: Statistical Yearbook of |ndonesia, 1975.

The greatest popul ation density exists in Java and Bali,
where roughly 70% of the econom cally active population |ives
(Tabl e3).

Sone parts of Summtra, South Sul awesi and Kalimantan are
not yet devel oped for agriculture as conpared with Java, where
nearly all the land is devoted to agriculture. Conservative
estimates indicate there are 15 - 20 million hectares avail able
wi th good potential for agricultural devel opment in Sumatra,

Kal i mant an, and Sout h Sul awesi .

Due to | and fragnentation, |and hol dings are becom ng
smal l er, especially in Java. To overcone this situation the
governnment is carrying out a transmgration project. Previously,
this practice often failed because devel opnent at the farml evel
as well as establishment of the infrastructure was nostly |eft
to the farmers. At present, however, the situation is being
improved. Transmigrants receive land in a "ready for use"
condition -- the land has been cleared, tenporary houses are
built, and sinple tools are available for |and preparation.
Agricul tural nmachinery is currently being introduced to help
farmers in food production. Transmigrants are normally given

80 International Agricultural Machinery Workshop



Table 2. Area of farnms in Indonesia by status of hol der and size
of hol di ng, 1973

Status of hol der &/

Si ze of hol ding

Joi nt

(ha) I ndi vi dual enterprise Cor por ati on Tota
(000) (000) (000)

0.10 22.5 1.0 6 23.5
0.10-0. 20 237.2 8.1 73 245.3
0.20-0.30 395.3 14. 4 84 409. 8
0. 30-0. 40 424. 4 15.4 113 439.9
0.40-0.50 403. 8 14. 6 122 418. 6
0.50-0. 60 549.1 19.2 180 568. 5
0.60-0.75 597. 3 22.2 134 619.6
0.75-1.00 893.8 32.9 272 927.0
1.00-2.00 2697. 4 113.6 991 2812.0
2.00-3.00 1483. 4 73.2 1043 1557. 6
3.00-4.00 816. 9 41. 4 858.3
4.00-5.00 514.9 29.3 204 544.5
5.00-7.50 714.8 49.1 600 764. 6
7.50-10.00 333.8 22.5 356. 3
10. 00- 15. 00 403.8 28.9 1782 434.5
15.00 + 629. 6 49. 6 9866 689. 1
Tot al 11118.2 535.5 15470 11669. 2

g/C:rop produci ng units excludi ng estates

Source: Agricultural Census, 1973

5 ha of land; 2 ha to be used for food crop production and the
rest for perennial crops. Transmigration will open a newera
inthe nation's life, and these areas can becone rapidly
devel opi ng econonmic regions if well organized and inpl enent ed

Agricul tural devel opment is stressed in the second Five- Year
Devel opnent Program as it was in the first, as aneans to
national econom c devel opnent. Agricultural food crop devel opnent
is directed toward:
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Tabl e 3. Economically active popul ation by province and field

of worKk.

Provi nce Agricul ture Manuf act uri ng
Aceh 481, 054 21,590
North Sumatera 1,691. 677 72,949
West Sunmat era 626, 353 40, 873
Ri au 366, 091 27,179
Janbi 276, 865 6, 961
Sout h Sumat era 849, 640 42,591
Bengkul u 160, 446 1,693
Lanmpung 740, 693 11, 804
DKl Jaya 49, 346 117, 060
West Java 3, 880, 970 442,092
Central Java 5, 094, 653 818, 296
DI . Jogyakarta 574, 310 163, 425
East Java 6, 503, 136 541, 396
Bal i 488,716 42, 350
West Nusat enggar a 485, 212 63, 345
East Nusat enggar a 803, 549 54, 626
West Kal i mant an 722, 864 13, 039
East Kal i mant an 133, 057 6, 333
Central Kalimantan 166, 687 4,924
Sout h Kal i mant an 410, 652 23, 286
Nort h Sul awesi 338, 112 24,132
Central Sul anesi 243,762 20, 664
Sout h Sul awesi 936, 117 104, 309
Sout h East Sul awesi 203, 313 7,714
Mal uku 234, 757 7,000
Irian Jaya 11, 445 2,321

Tot al 26,473, 477 2,681, 952
Source: Popul ation Census, 1971.
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e production,

e equity of incone distribution among the peopl e and
regi ons,

e availability of work for everyone,

¢ savings in foreign exchange, and

¢ preservation of nature

INDONESIAN AGRICULTURAL MECHANIZATION

Mechani cal power available in Indonesia is 0.001 hp/ ha.
Cultivation of rice is still done with sinple tools. Rice is
threshed by foot or beating and wi nnowed by wi nd, resulting in
hi gh but avoi dabl e | osses.

Inthe effort tochange fromsubsistence farmng to a technical
system an attenpt is being made to disturb the soci oeconom ¢ and
agroclimatic condition as little as possible and avoi d unnecessary
| abor displacenent. Cultivation in small rice fields can be
done by small inported power tillers, but these power tillers
are, in nmany cases, too expensive for the farners. Sinpler and
cheaper machines can be fabricated locally with only a few
imported parts (Table 4).

I ndustries manufacturing agricul tural machi nery have not
expanded sufficiently owing to limting factors such as inadequate
credit, insufficient technol ogi cal devel opment, shortage of
trai ned manpower, and |imted demand of donestic markets. There
i s enough potential to manufacture sinple tools, aninal-drawn
equi pnent, conpressed air sprayers, threshers, and sone tractor
parts (Tables 5 and 6).

Mechani zation in Indonesia is mainly used to support the
increase of food crops production. Any nechanization directed
toward the food crops programwi ||l be encouraged by the governnent

provided it won't give a negative effect -- as on | abor displacenent.
This is the reason the governnent prefers to use the termselective
nmechani zation. It refers to appropriate choice of machines and

sensitivity to sociol ogi cal and ecol ogi cal effects.

The nature of agriculture and its biological process with
its unstable climatic condition, sudden outbreaks of pest
infestation require tineliness, speed, and accuracy of operation
to ensure maxi mumyield. Since this is especially true with the
introduction of high-yielding, fertilizer-responsive and early
maturing varieties, a certain |level of mechanization and nechani cal
power is deenmed necessary.

Utilizing the irrigation punp, a piece of land which is
usually idle during the dry season now can be converted into
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arable land. Early |land preparati on advances planting tine and
in conbination with early maturing, high-yieldingvarieties can
increase crop intensity. By using sprayers, at |east 5%of the
crops can be saved from| osses due to pests and di seases.
Simlarly, aricemll can help increase the quantity as well
as the quality of the product processed.

Table 4. Price list of agricultural tractors narketed in
| ndonesi a, 1977.

Tr ademar k, typea Price (Rp)
No. and origin Size Items Uni t Tot al
/
5.0 hp tractor? 450, 000
L M.JSUHAMA’ gasoline plow 40, 000
Si ngl e axl e, | ” 25 000
(IRRI), I ndonesia everler ’
trailer 200, 000
715, 000
2. KUBOTA, K75 5.6 PS tract OrQ/ 1, 100, 000
GA 70 engi ne, di esel | evel | er 30, 000
si ngl e axl e, pl ow 75, 000
Japan st eel wheel 70, 000
trailer 275, 000
depth skid 18, 000
1, 568, 000
3. SHI BAURA, SKI 8l 5.5 PS tract Orgl 665, 000
si ngl e axl e, di esel rotary hoe 195, 000
Japan steel wheel 37, 000
pl ow 70, 000
904, 000
4. SHI BAURA, SU1300-0 13 PS tractor ¢/ 1, 425, 000
doubl e axl e, di esel rotary hoe 350, 000
four wheel drive fl oat wheel 95, 000
Japan pl ow 215, 000
| evel | er 90, 000
2,175, 000

8/ Equipped with puddling wheels.
ll/Irrpl enented by one set of rotary tiller.

¢/ standard tractor without tiller, but equipped with pneumatic
tires.
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Tabl e 5. Production of manufacturing industries by industrial

group and ki nd of production,

1972.

Pr oducti on

I ndust ry group Uni t Quantity Val ue
(Rp.  1000)
Rice mlling (Nunber of
est abl i shnent s
7,976)
Pr oducti on:
Ri ce ton 814, 649 51, 993, 849
Ri ce bran ton 52,104 383, 808
Broken rice ton 12, 399 262,617
St raw 3,171 12,087
Tot al 882, 323 52,652, 361
Cl eani ng and
pol i shing of rice (Nunber of
est abl i shnent s
1, 031)
Pr oducti on:
Ri ce kg 79, 104, 686 3,768, 710
Ri ce bran kg 5,471, 235 43, 287
Tot al 84,575, 921 3,811, 997
Manuf act ur er of (Nunber of
agricultural and est abl i shnent s
hand tool s equi prent  170)
Pr oducti on:
Agricul tural machi nes 2,498 233, 880
Rice m|ling machi nes 352 14, 216
Al'l kind of spade 18, 860 7,709
Axe and the like 13,570 4,934
Pl ows and simlar products 407, 000 54, 569
Shovel s, hoe 167, 000 76, 819
Si ckl es, chopping knife 1, 138,000 224, 438
Tot al 1,747,280 616, 565
Source: Statistical Yearbook of | ndonesia, 1975.
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Tabl e 6. List of manufacturers and their products related to I RRI.

No. Manuf act urers

Addr ess

Pr oduct

1. P. T. Pi oneer
Joint Venture

2. P. T. Kertal aksana
Private enterprise

3. P. T. Purna Sadhana

4. P. T. Purosani

5. P. T. Dwi ka

6. P. T. Kubota I ndonesi a

7. C. V. Karya, Hi dup
Sent ausa

8. P. T. Buma Sakti

9. P.T. Kemgj uan

JIl.Ir. H Juanda 41
Jakarta

JI. Jen. Ludirman 508
Bandung

JI. Asia Afrika 150
Bandung

JI . Ketandan Wetan 41
Yogyakarta
JI. Sudiarto 26, Tegal

JI. Sudiarto 26
Tegal

JI. Setia Budi 279
Semar ang

JI .. Magel ang 144
Yogyakarta

JI. Suryani
Bandung

JI. Irian Jaya 3- 3A
Mol ang

Assenbl i ng plant for diesel
engi ne 4- 18HP, power tillers,
rice mlls and wheel tractors.

Rice mll, hollowbrick,
foundry.

Sprayer, punp, rice processing
hol I ow brick, foundry tea and
rubber factory equi pnent.

Hand hoe, spade.

Punp and ot her equi prent for
sugar factory.

Assenbl ing plant for diesel

engi ne, wheel tractor and power
tiller.

Ri ce processing equi pnent

Bolt and nut, punp foundry.

Troley for tea, trailer,
ricemll, foundry.

Ri ce processi ng equi pnent.
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No. Manuf act urers Addr ess Product

10. | K4BI J1. Gatot Subrato Rubber processi ng equi pnent.
Any Enterprise Bandung

11. P.T. BBI J1. K H Mansyur Irrigation punp, sugar cane
Ger man Sponsor ed 229, Surabaya factory equi pnent, diesel

engi ne assenbl i ng.

12. M1.D.C J1. Sanghuriang 12 Conponents of spare parts,
Gover nrent / Bel gi an Bandung foundry, wel ding training.
sponsor ed

13. Pt. Mesindo Agung J1. Ancol 111/12 Irrigation portable punp.
Engi neering Private Jakarta

J1. Raya Kajen
248, Tal ang, Tegal

14. Miusuhana Agri cul tural J1. Raya Kajen Power tiller IRRl batch
Engi neeri ng Devel opnent 248, Tal ang dryer, weeder, cheni cal
(Ex. P.T. Kacho) Tegal appl i cator, thresher
Private (pedal & portable).

15. C. V. Surat nan J1. Panedan Kepoti han Punp, weeder, bridge cons-
(Private) Sol o truction, concrete nixture.

16. C. V. Haji Kalla J1. U ung Pandang Power tiller, IRR
Private Sul awesi, Sel atan Kubota tractor deal er.

17. P.T. Rutan Ltd. Coy J1. Honpretan Ri ce processi ng equi pnent.
Private Sur abaya

18. P.T. Uni mas Mot or J1. Pul ogadung Power tiller IRRI B & S
Private Jakarta sol e agent .

19. Bi ngki |l Muntj ul J1. Semar ang Weeder, power tiller, IRRI
Private Sur abaya




RECENT DEVELOPMENTS

Testing committee

There is a new governnent policy that requires all agricultural
machi nery which are going to be utilized, particularly by the
governnent, to pass through a Testing Committee. The conmmittee
will verify specifications, evaluate performance, and include
an adaptive test. Inported nmachines and those locally nmade will
undergo the committee's scrutiny.

The M nistry of Agriculture established the Testing Committee
in 1976. Its menbers come fromdepartnents that deal closely with
nmechani zation in general and agricultural machinery in particular.
Commi tt ee nmenbershi p conmes fromthe Departnment of |ndustry, Metal
I ndustry Devel opnent Center, Research & Devel opnent of Metal
Machi nery, Departnent of Trade, Directorate of Inport, Departnent
of Manpower, Transm gration Cooperation, Institute of Agriculture,
Institute of Technol ogy, Institute of Sciences, and Sub Directorate
of Mechani zation of the Directorate of Food Crops Production
Devel opnent .

The objectives of the commttee, besides carrying out testing
and eval uation, are also to set up control activities over the
distribution of simlar machines that have al ready passed the test,
and to fornmulate a draft policy on procurenent of agricultural
machi nery and equi pent. This draft is going to be submtted to
be used by the Mnister of Agriculture. The procurenent of the
machi nes wi Il include designing, nodification, rebuilding, assenbling,
and manuf act uri ng.

Transmigration area

In Five-Year Devel opnent Programs | & Il, the governnent
stressed that through the devel opnent of each regional unit, the
income of the transmigrants should increase. 1t is expected
that transmigration will result in regional devel opnent and provide
a source of work for those in higher density popul ati on areas.

To hel p the transmi grants produce good crops, the governnent
subsi di zes the project in the formof fertilizer, pesticides, seeds,
cattle, and agricultural machi nery and equi pnent such as hand hoe,
fork, handsprayer, knapsack power sprayer, irrigation punp, rice
processi ng equi pnent, corn sheller, tractor (Table 7).

A recent survey on the cropping pattern in the transmgration

area indicated that |and preparation and planting are done in
Sept enber to Cctober and harvesting in January to March. Miltiple
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Table 7. Price list of production facility for Fiscal Year
1977- 78 (governnent subsidized).
Price (Rp.)
Items with wrapper wi t hout wrapper
I. Fertilizers (per kg)
1. Uea 70. 00
2. TSP 70. 00
3. DAP 90. 00
4. HPK 15- 15- 15 70. 00
Il. Insecticide (per kg or 1)
1. Di azi non/ Basudi n 900. 00 1230. 00
60 EC
2. Surecide 25 EC 900. 00 1230. 00
3. Phospel 300 EC 900. 00 1230. 00
4. Sunithion 50 EC 900. 00 1230. 00
5. Nogos 50 EC 900. 00 1230. 00
6. Thiodan 35 EC 900. 00 1230. 00
7. Folition 50 EC 900. 00 1230. 00
8. Adrin 40 W 900. 00 1230. 00
9. Furadan 8 G 175. 00 1230. 00
10. Basudin 10 G 200. 00 1230. 00

I'1l.  Fungicide
1. Antracol 900. 00
2. Daconil 900. 00
3. Dithane M45 900. 00

I'V.  Rodenticide (nonsubsidized)

1 Racum n 1500. 00
2. Zinkphosphade 2500. 00
3. Diphacin 110 1500. 00
4 Tenorin 2300. 00

Sour ce: Badan Pengedal i Bims, 1977.

cropping is widely practiced with paddy as the prinmary crop and

secondary crops of cassava,
upland rice is between 0.7 - 0.9 t/ha,

groundnut 500 kg.

of Transm gration purchased power tillers,
pregerm nat ed nul ti hopper
some are of IRRI

type dryers,
of themare locally nmade;

Al

corn and groundnut.

The yi e

cassava 9 t, corn

In conjunction with the survey and field analysis,

row seeders,

pedal threshe
and push weeders.

desi gn.

| d of
1t, and

t he Depart nent
rs, batch

The Nati onal
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Tabl e 8.

Ti me and cost conpari son of

| and preparation by ani mal

and tractor per ha in Sul anesi,

Bal i and Summat er a.
Power tiller Power tiller Mni tractor
L 1 pair of cattle gasol i ne di esel di esel
Propi nsi 1.0 - 1.2 hp 5-6 hp 7-8 hp 12-13 hp Remar k
hr/ ha Rp/ ha hr/ ha Rp/ha hr/ha Rp/ha hr/ha Rp/ha
Sul awesi Sel at an
(1974) 128 24. 600 35 15.366 22-24 15. 080 18-20 25. 839 Kabupaten
Pi nrang
Si drap
Sul awesi Sel at an
(1976) 128 30. 848 35 23.870 22-24 23.452 18-20 27.027 Kabupat en:
Barr u,
Enr ekang
dan Tana
Toraj a
Bali (1976) 85 23. 300 - - 20 13.170 - Kabupat en:
Bandung
Tabanan,
G anyar
Sumatera Ut ara 92.5 35.190 - - 24 17.964 17.9 19. 796 Kabupat en:
Dairi,
Ser dang,
Kar o
Si mal ungun
dan Tapanul i
U al a
Sunber data: Sub Direktorat Mekani sasi Pertani an Pasar M nggu.



Bur eau of Devel opnent Pl anni ng Body (BAPPENAS) enphasizes that
as much as possible the agricultural machinery and equi pnent
shoul d be made and fabricated | ocally.

Fi el d anal ysis provided the follow ng capacity and perfornance
dat a.

e Power tiller (IRRI type): 10-16 h/ha pl owi ng and
8 h/ha harrowing with 70%efficiency (Table 8).

e Pregerm nated seeder with seeding rate 30-50 kg/ ha:
7-10 h/hawith 60%efficiency (Table 9).

e Fertilizer applicator: 12-18 hours per ha with 65-73%
efficiency.

e Push weeder: 150-250 h/hawith 57-65%efficiency (Table 10).

e Pedal thresher: produces 40-60 kg of paddy per hour.

Table 9. Planting cost per hectare using traditional nethod,
and seedi ng equi pnent .

Met hod of planting

Locati on of observation Transpl anti ng&/ Seeder b/
(Rp/ ha) (Rp/ ha)

1. Way Abung (S. Summtera) 1, 017.00 533. 16

2. Luwu (South Sul awesi) 1, 071.00 642.92

g/Usi ng 20-day-ol d seedlings, transplanted in uniformcheck rows.

b Si x-row preger m nat ed nul ti hopper seeder, |RRl designed,
locally made. Cost includes fixed and vari abl e cost.

Source: Survey Transmigrasi-IPB. 1976.

Tabl e 10. Weding cost per hectare on rice field using push
weeder and manual weedi ng.

Cost per ha
Met hod of weedi ng Way Abung Luwu
(Rp/ ha) (Rp/ ha)
1. Hand weedi ng 2,333.3 3, 257.5
2. Push weeder? 13, 165. 0 10, 042. 0

g/Pri ce Rp. 5,000 per unit, 5 years lifetine, 90 hours avail able
for weedi ng per year.
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A conparison of planting tine reveal ed that the traditional
met hod (transplanting of seedling) required 447 h/ha -- 218 hours
for preparing the seedbed and seedling preparati on and 229 hours
for transplanting. The seeder did it in 7- 10hours.

In spite of the difficulty of finding the right kind of soil
condition, the fertilizer applicator showed pronmising results
conpared wi th the hand- sownnet hod. It is nmore effective and nore
accur at e.

Based on the research and survey findings, the Departnent of
Transmi gration ordered the follow ng nmachines in 1977: four power
tillers, ten pedal threshers, and six sprayers fromlocal manufacturers

The research and survey resulted in some nachi ne redesign.
The power tiller sprocket and chain drive was reinforced; the plow
was nodified to give a better furrow slice and equipped with a knife
coulter. The pedal thresher was nodified by using peg teeth nade
froma bolt and nut in place of the inverted Vee- shapedsteel wire
t hreshi ngteeth.

Based on technical performance and need, the machine priority
inthe transmgration areais: power tiller, sprayer, thresher,
weeder, fertilizer applicator, seeder, and dryer.

See Tabl es 11 through 14 for informati on concerning | abor,

equi pnent, operational costs, and credit.

Table 11. Mninmumlabor daily wage in Jakarta, 1977.

Dai ly m ni mumwage

Level of | abor (8- hourday)

Unskilled | abor level 111 $1.05
11 1.12

| 1.20

For eman 1.29
Skill ed | abor | evel I 1.36
11 1. 45

| 1.53

Head | aborer 1.60

Source: Lenbaran Pengunuman DKl Jaya, 1977.
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Tabl e 12. Rice production cost per hectare in Wst Java.

ltem _ Locati on
G anj ur Bandung

1. Fertilizer Rp. 24,000 Rp. 32,000
2. Land preparation 38, 300 35, 750
3. Insecticide 3, 900 3, 500
4. Seeds 3,750 2,000
5. Tax 40, 000 16, 500
6. Harvesting 30, 000 1, 400
7. Product handling 5,000 3,500
8. Fertilizing 1, 800 3, 100
9. Planting 6, 300 7,500
10. Weeding 12, 000 10, 800
11. Crop protection 600 2, 600
12. Irrigation - 1, 400
165, 350 120, 050
Tot al ($398. 43) ($289. 28)

An example of mechanization

A good exanpl e of one of the successful nechanization
activities is found in South Sulawesi. In Sidenreng Rappang
(about 180 kmnorth fromU ungpandang) there are 45,000 ha of
rice field and 52,000 ha of upland. Sixty percent of the rice
field areais technically irrigated. Ninety-five percent of the
popul ati on engages in agriculture. Fromthe total popul ation of
196,000 only 13% of the nales are econonmically active and
productive. This work force is supported by 4,500 pairs of
cattle. Every season, only 25,6000 ha of the |and were prepared,
so there was a relatively large area not being utilized.

In 1974, the Provincial Government set up a systemof
advanced credit aid fromRegional Retribution Devel opnent to buy
five small wheel tractors and two nore were bought through the
Regi onal Devel opnent budget. The peopl e were given a chance to
buy a tractor from tractor dealers with credit provided by the
bank. The installments were spread over 8 seasons or about 4
years.
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Table 13. Bimas credit package for rice field per hectate fiscal year 1977-78.

ltem chkaqe A P:_;lckage B P_ackage C
Quantity Val ue Quantity Val ue Quantity Val ue
1. Uea 200 kg 14. 000 100 kg 7.000 250 kg 17.500
2. T. S P 50 kg 3.500 35 kg 2. 450 75 kg 5. 250
3. D A P - - - - - -
4. Insecticide 2 1t 2. 4608/ 2 1t 2. 460%/ 2 1t 2. 4608/
5. Rodenticide 100 gr 230 100 gr 230 100 gr 230
6. Seeds - 3.750 - - - 3.750
7. Spraying cost - 2. 000 : 2.000 - 2. 000
8. Subsi di zed budget for
intensification - 6. 000 - 6. 000 - 6. 000
Tot al - 31.940 - 20. 140 - 37.190
d pestici de with rebottling cost Rp. 615 per 1/2 liter without rebottling Rp. 900.00 per liter.

Source: Badan Pengedal i Bl MAS, 1977.



Table 14. Estinmate of drying cost using |locally nmade batch type
dryer.
A. Information known: 1. Purchase price Rp. 300, 000
2. Lifetinme 3 years
3. Capital interest 1% per nonth
4. Power 3 hp gasoline
5. Working tine
avai |l abl e 90 days
6. Capacity 1tonricelhectare
hr.
or 2 ton/day
B. Fi xed cost, per hour.
Depreci ation 300, 000 _
3 x 90 x 12 = Ro. 92.58
I nterest 1/2 x 12 x 300,000 *= 16. 66
100 x 90 x 12
Mai nt enance 1 x 300, 000 - 2.77
100 x 90 x 12
Sal ari es enpl oyee: Manager Rp. 20, OOQ no.
Adni nst . 10, 000/ no.
Qper at or 15, 000/ no.
Tot al 45, 000/ no.
6, 000/ day
1/3 charged to the dryer 2,000
cost per hour 2,000
12 = 166. 67
Total fixed cost Rp. 345.01
C. Variabl e cost, per hour.
Fuel , husk 5 kg x Rp. 2.50 = 12.50
gasoline 1 I/hr x Rp. 70 = 70. 00
Ol 10%x gasoline = 7.00
Wages Rp. 300.00/ton/6 hours = 50. 00
Grease Rp. 1,000 = 83. 30
12
Total variable cost/hr Rp. 222.80
Total drying cost per hour 567. 81
Dryi ng cost per ton (6x) 3, 406. 86
Dryi ng cost per kg Rp. 3.40
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Tabl e 15.

Pot ent i al

requi rement and | ogistic of tractor in Sulawesi (South).

Sawah area

Real i zati on

(Ha) M ni Hand
No. Ar ea Th 1975 Pl an Tr akt or Tr akt or % Ket er angan
1. Pinrang 46, 914. 67 557 98 9 18.5) Survey th 1974 (1)
2. Sidrap 45,125. 51 616 130 4 21.1) X) Traktor Kubota
3. Gowa 30, 222. 60 202 3 - 1.4) 12.5 hp
4. Maros 21, 699. 14 315 4 11 3.1) Survey 1975. (I1)
5. Pangbep 20, 873. 00 367 12 1 3.5) X) Traktor Kubota
6. Pol nas 20, 225. 00 433 43 2 10.1) 12.5 hp
8. Bantaeng 5, 015. 00 14 - - -) Survey tahun 1975/
9. Bul ukunba 22,370.76 528 1 - 0.2) 1976. (I111)
10. Sinj ai 10, 508. 00 17 - - -
11. Wjo 68, 288. 00 1,531 10 2 0.7) Traktor Shibaura:
12. Bone 74,166. 00 1, 220 21 1 1.8) 15hp
13. Jeneponto 13,742. 64 164 1 - 0.6)
14. Takal ar 16, 123. 35 233 3 - 1.2)
15. Luwu 45, 318. 00 667 9 3 1.6)
16. Barru 11, 482. 38 165 4 2 3.0) Survey 1976 (I1V)
17. Enreng 9, 000. 00 121 - - - X) Traktor Satoh:
18. Tator 17, 801. 00 115 12 2 11. 3) 13 hp
19. KM U. Pandang 3, 956. 38 - 15 - -)
Tot al 504, 524. 30 7,470 423 39 5.9
UJUNG PANDANG, 26 April 1977
XX) Potensi keperluan Traktor dikutip dari

4 Laporan feasibility Study dal amequ-
M ni dengan 12, 5- 15hp.

25 April 1977 (Up to 25 April

ival ent traktor

Pengadaan sanpai

dengan

1977)



In early 1977, there were 160 tractors in the area -- 12 are
owned by the Provincial Governnment and 95 were bought by farners
through Small Investnment Credit. The rest are privately owned by
farmers who were able to buy with cash (Table 15). This nunber
expanded rapidly in the latter part of 1977.

The result of this tractor introduction is that the area
cultivated by machi nes was able to produce 15,000 tons of threshed
paddy at the end of 1976. Through nmechani zation total production
per season increased by 41%in 1976 conpared with 1971.

INDUSTRIAL EXTENSION

The Governnent of |ndonesia recogni zes and gi ves support to
| ocal manufacturers by giving guidance and technical assistance.
Credit is also nade available. These activities are not, however,
fully executed yet. For exanple, sone provincial governnents are
still buying inported goods instead of using those |ocally nade.
Also, the flowof credit is not as snooth as expected.

Several people who dealt wi th manufacturing agricultural
machi nery and equi pnent were sent to IRRI in the Philippines to
participate in a 2-week intensive course in manufacturing. This
training is useful. Through |earning by doing, these inexperienced
| aymen becone convinced that they have the capability and opportunity
to fabricate machi nes using existing machi ne tools.

Sone of these participants succeeded in producing agricultural
machi nes either fromdrawi ngs or froma nodel or sanmple. Power
tillers, grain dryers, irrigation punps, and weedi ng equi pnrent are
exanpl es of what the participants can produce (Table 16).

A joint programbetween agricultural extension and industrial
ext ensi on has given good results through introducti on and denonstrati on.
Users can order directly fromthe manufacturer. The Departnent of
Agriculture (cq. Subcontract Agreenent |RRI-DI TPROD, and Sub-
Di rectorate of Mechanization of Directorate of Food Crops Production)
acts as a bridge to transmt technol ogical information between the
users and manuf acturers.

PROBLEMS

The | argest probl emmanufacturers and users conpl ai ned about
is marketing. This is nobre an econonic than technical aspect.

The unstable price of the rawmaterial affects the security
of the manufacturer in producing and selling machines. He does
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Tabl e 16.
Reporting Period: Up to October 1977

Country or Region: |ndonesia
MANUFACTURER NUMBER OF | RRI MACHI NES PRODUCED REMARKS
Power 1/ Axial Flow2/ Portable3/ Batch 4/  Chenical?
Nane & Address Tiller Thr esher Thr esher Dryer Appl i cat or
1. Musuhanm Agri cul - 18 13 1/
tural Engineering (5 hp) - - (3 hp) 10 = Rp. 500, 000
Devel oprent BS BS 4/ 400, 000
J1. Rayakaj en 248 5/ 7,000

Tegal , M ddl e Java

2. P. T. Puma Sadhana
JL. Asia Afrika

- 12 - 1
158 Bandung
West Java
3. Binglul Muncul 50 30
J1. Semarang 62 5 hp 5 hp i i
Sur abaya (Yanmar) (BS)
East Java
4. CV Surat man 1
J1. Panedan ) (5hp) ) )
Kepati han 6

Sol o, M ddl e Java

2/ Rp. 750, 000

1/Rp. 700, 000
700, 0O

650, OO

Submi tt edby:

R Dadang Tar nana-



not have any reference as to how much he should charge for a certain
machi ne to keep a stable price and still nake a profit on the next
bat ch of the machi nes.

Most users have low ability to buy. Al though the nachines
that are locally made are | ess expensive than inported ones, the
farmers still cannot afford them To get credit froma bank,
various requirenents nmust be net.

Fewer probl ens have arisen fromthe technical point of view
The availability of a certain material sonetinmes affects manufacturing.
For exanple, the unavailability of the perforated sheet for the
dryer caused a manufacturer to use steel wire nesh. Sonetines the
di nension of the material is not suitable for a certain design
that is received fromIRRI. These kinds of problens can be overcone.
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STATUS OF AGRICULTURAL MECHANIZATION IN THAILAND

CHAK CHAKKAPHAK

HEAD, WORKSHOP AND SERVICE SECTION
AGRICULTURAL ENGINEERING DIVISION
MINISTRY OF AGRICULTURE AND COOPERATIVES
BANGKOK, THAILAND

SUMMARY

Agricultural mechanization in Thai land has been rapidly
expanded in the past 10 years. Gradual increases in

the number of local manufacturers and the expansion of
the businesses show that most of the machines in use

are locally made. The simple machine, which gives
minimum problems for the farmers, is replacing animal

and manual power as the first step toward mechanization.
Needless to say the needs of the farmers are to mechanize
their farms for better cultivation and to do the job at
the right time in the expanding two-crop area.

Many present policies are favorable to the introduction

of high-vyield crop varieties and growth of mechanization --
rice guarantee and price support programs, help in setting
up cooperatives, expansion of governmental irrigation
systems, land reformation, and important incentives for
the development of agro-industrialization.

Many of the research results done by the Agricultural
Engineering Division, Department of Agriculture, and

the intelligence of the local manufacturer made it
possible for farmers to own appropriate machines at
reasonable prices. In addition, the cooperative project
for the expansion of farm machinery between the Department
of Agriculture and the International Rice Research
Institute made available additional designs to Thailand
manufacturers.

INTRODUCTION

Popul ation in the farm ng sector accounts for roughly 80% of
the total Thai population. Wth agriculture accounting for the
mai n gross national product, production in this sector is a vital
determ nant of the perfornmance of the econony not only for what
it turns out but also for its regenerative effects passed on to
ot her sectors as well.
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The backbone farmproducts of the country -- rice, maize,
mung bean, and soybean -- are cultivated twi ce yearly. The
year's main crops coincide with the rainy season (June to
Sept enber) and the second crops stretch fromthe | ater nonths
of the year into the first fewof the next. Jute and kenaf,
sugar cane, and tapioca are harvested mainly in the last few
mont hs of theyear. Besides this, climtic seasons also differ
fromone geographical area to the next so that sone crops grow
later in sonme areas.

A good year of rain depends on the southwesterly nonsoon
fromthe I ndian OCcean, |ocalized cyclones and their influence
fromthe Bay of Bengal, and typhoons fromthe Pacific. The
failure of even one or two of these to bringinits full quota
of rain can cause a certain degree of drought. The irregularity
of nature's water supply points to the need for effective
irrigation or -- on a wider scale -- an overall water resources
managenent plan for the country (Table 1).

Doubl e cropping of rice, initiated sone 15 years ago, has
greatly increased the necessity for effective irrigation prograns,
as nost arable areas |ack water for about half of each year. The
Chao Phya irrigation projects in the Central Plain, the first
| arge- scal eschene, covers about 1 million ha. Irrigation projects
are bei ng expanded in other regions of the country (Table 2).

Ri ce occupies the largest area of cultivated | and, provides
t he best enpl oynent opportunity for the mpgjority of the people,
supplies the staple food for the Kingdom and earns the top
amount of foreign exchange. Rice can be grown under different
patterns of climatic environment, nost types of soil, and various
| evel s of topography if a sufficient amount of npisture is
avail abl e (Tabl e 3).

Table 1. Average rainfall in Thail and.
. Av. rainin rainy Av. rain for whole
Regi on
season, mm Year, mm

North 700 - 1,000 800 - 1,200
Nor t heast 700 - 1, 000 800 - 1,200
Cent er 1,000 - 1,000 1,200 - 2,000
Sout h (East Coast) 1,500 - 3,000 2,000 - 4,000
Sout h (West Coast) 2,400 - 3,000 3,500 - 4,000
Source: IrrigationDepartnent.
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Table 2. Irrigation projects conpleted in Thailand as of the
end of fiscal year 1975 or under construction in 1976.

Under

Description Uni t Conpl et ed construction

Water stored in dam MIlion 27, 965. 86 996. 09
reservoirs or tanks cu.m

Land under irrigation

progr ans rai a 15, 119, 434. 00 4,960, 008. 00
Land reached by canal

ducts r ai 7,601, 300. 00 140, 000. 00
Land consolidation rai 53, 100. 00 41, 600. 00
Paddy fi el ds ai ded by

punps during 1975 rai 1, 656, 458. 00
alg 25 rai = 1 hectare

2.5 rai =1 acre
Source: Irrigation Departnent.

The cultivated lands in Thailand are of three levels: high
land, nmediumland, and |ow and. As nobst of the nmedi um and
lowands lie just above sea level, these are flooded to various
degrees during the wet season. On these lands, the rice crop
flourishes. Areas free of floods are nostly occupied by the
upl and crops.

People 11 years old and over, considered as econonically
active, constitute the labor force of the Kingdom I'n 1960,
52% of the 26.4 nmillion people were in that age group, anong
them 81% were either farmers or farnmhands. The proportion of
labor force in the agricultural sector had insignificantly
decreased to 78.01% in 1975.

CURRENT STATUS OF MECHANIZATION

The expansion of agricultural mechanization in Thailand
during 1965- 75has been nmore rapid than during any previous
period. This nechanization has inproved the prosperity of the
farmers, as well as manufacturers, marketers, nachinery
repairers, and consuners of the produce.
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Tabl e 3. Area pl ant ed and paddy producti on by regi ons, 1970- 75.

Nort hern Nort heastern Central Plain Sout hern Whol e country
Year Area ) Area ) Area ) Area ) Area )
pl anted Production planted Production planted Production planted Production planted Production

(1000ha) (1000t) (1000ha) (1000t) (1000ha) (1000t) (1000ha) (1000t) (1000ha) (1000t)
1970-71 1663 4070 3410 4920 2173 3720 560 860 7806 13570
1971-72 1534 3557 359 5434 2195 3895 533 858 7841 13744
1972-73 1579 2710 2040 4298 2394 4483 643 1022 6656 12413
1973-74 1916 3984 3100 4638 2582 5451 84 825 8712 14898
1974-75 1732 3872 3447 3795 2497 4829 639 890 8315 13386
1975-76 1778 4049 3754 5737 2066 334 544 805 8149 13932

Source: 1970 - 1974 MOAC, 1975: NSO



There are two patterns of nmechani zati on:

1. Use of large, inported tractors nostly of 70-80 hp. These
are nostly enployed on contract disc plowing or simlar
cultivation in the large fields of upland crops and
broadcast rice. These tractors are noved around the
country to followthe available work. Three drivers are
used to achieve a working day of around 18 hours.

2. Use of small tractors 6-20 hp. These are nostly owned by
rice farners of the 4-5 ha range. The tractors are either
imported or manufactured in Thailand -- the largest selling
are locally manufactured. The majority of rice farners in
the two-crop area use these tractors to prepare the |land
for the next crop at the appropriate tine.

LOCAL MANUFACTURE OF EQUIPMENT

The governnent of Thailand in 1953 created the Rice Departnent
by enlarging the Rice Section of the Departnment of Agriculture.
Thi s new departnent initiated and encouraged a nunber of research
activities under the Engi neering Division. Sonme successful
research resulted in | owcost water punps and snal | two-wheel
tractors nounted with 5 hp stationary engines. Later inprovenent
called for engines of 7-9 hp. \When four-wheel tractors were out,
t he power was raised to 12 hp.

| mprovenent on these machi nes cane about in 1965 when the
results of this research were turned over to small factories for
conmerci al production. Thus started vol une production of small
tractors to replace water buffalos for land preparation in the
early part of the rainy season (Table 4). Expansion of the

Table 4. Rice farmng: nmechanization vs. cattle.

Area Cattle Smal | tractors Large tractors Qhers
%

Central Region 41.0 31.0 25.0 3.0
East Regi on 25.0 44.0 10.0 21.0
West Regi on 62.0 13.0 23.0 2.0
North Regi on 80.0 11.5 6.5 2.0
Nort heast Regi on 91.0 0 2.0 7.0
Sout her n East Coast 68. 6 1.6 29. 4 0.4
Sout her n West Coast 70.5 0 11.8 17.7

Aver age 62.3 14.9 15.3 7.5

Source: Ben Janes Jr., Report GI|.T., Atlanta, Georgia, 1977.
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doubl e crop rice area stinmulated the denmand for small tractors
on Thai farms.

These tractors are usually sold conplete with wheels for use
in paddy fields, as well as a plow and harrow. Also available are
trailers with rubber wheels for transport and threshing.

The establishment in 1971 of a cooperative project for the
devel opnent of farmmachi nery between the Engi neering Division
and the International R ce Research Institute, Los Bafos,

Phi | i ppi nes, nade avail abl e additional designs to Thail and
manuf act urers.

The nost successful machines introduced have been the power
tiller and axial flowthresher. |In the future it is expected
t hat the hand weeder and portable thresher will gain popularity.

MANUFACTURE OF SMALL MACHINERY

Most of the machinery are manufactured in small workshops
with an area of approxi mately 80 n? each.

Each firmnornally enploys 10 or nore workers; the bigger
ones enploy up to 60. Twenty- sixof these firns produce 10, 000
tractors annually (Table 5).

Machi ne tools used in tractor production are:

1. | athe machi ne,

2. electric or acetyl ene wel der,

3. power saw,

4. netal guillotines,

5. drilling machine, and

6. air conpressor (for paint spraying).

These are general for each small manufacturing firm  Bi gger
firms may own a hydraulic press, steel roller, and sprocket wheel
cutter.

Each firmtrains its own workers through experience and
skills fromtheir elders. Thus experience and skills are

acquired by a | ong period of apprenticeship.

Materials for manufacturing are mainly mildsteel and iron
castings with ball bearings, gears, and discs. Qher parts are
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Table 5. Price of tractors in Thailand, 1976.
Cash Credit Peri od
Large tractors HP (US$) (USS) (mont h)
John Deere 97 14, 950 15, 210 24
79 12, 850 - -
(rebuilt) 79 9, 750 - -
Massey Ferguson 45 8, 800 11, 162 30
66 11, 600 14, 827 30
75 13, 000 16, 565 30
Ford 45 8, 250 9, 840 24
78.6 14, 750 16, 710 18
94 16, 250 16, 900 5
M T. 77 8, 500 - -
Smal | tractors Price range
2—-wheel (7 hp)
W t hout engine 150 - 500
Di esel engine 600 - 700
Gasol i ne engi ne 175 - 200
4—wheel (14 hp)
Wt hout engine 800 - 950
Di esel engine 1,250 -1, 400

Source: Ben Janes, Jr., Report GI.T. Atlanta, Georgia, 1977.

fromspecial i zed producers.

Only engines are inported.

Manuf acturing firnms generally produce:

1. two-wheel tractors,

2. four—-wheel tractors,

3. water punps,

4. disc pl ows,

5. cornshellers,

6. threshers,

7. small

ricemlls,

and

8. equipnent for big tractors such as 6— to 8-row di sc
pl ow, earth novi ng bl ades.
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the products |isted above, two-wheel tractors, small
four-wheel tractors, and disc plows are nost popular. Since the
patent laws are not strictly observed, many firnms manufacture

very simlar products widely used in certain cultivated areas.

In 1976, at |east 60 conpani es were manufacturing farm
machi nery in vol ume quantities in Thailand (Tables 6 and 7).

Tabl e 6. Nunber of farmmachines in Thailand, 1976.

Item Units
Large tractors 13, 338
Two- wheel tractors 90, 001
Four - wheel tractors 16, 792
Puddl ers (wi th engi ne) 9, 882
Sprayers 46, 317
Irrigation punps 308, 179
W nnowers (rice) 42,342
Corn shel l ers 5,721
Ri ce threshers 3, 955
Wndmlls 1,937
Ricemlls 24, 658

Source: Ben Janes Jr., Report GI1.T., Atlanta, Georgia, 1977.
Table 7. Min products manufactured by farmnachi nery conpani es,
1976.
Product s No. of conpani es

Power tillers and tractors 40

Punps 25
Threshers 10

Di sc pl ows 6

Corn shellers 8

POLICY RELATING TO MECHANIZATION AND FUTURE DIRECTIONS

Under the fourth Five-Year Soci al
starting this year,

and Econoni ¢ Devel opnent

Pl an, many policies which are under active
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i mpl enentation give priority to farmmechani zation. |ncreasing
funds are available for farners and farmgroups through comerci al
banks and the Bank of Agriculture and agricul tural cooperatives.
Thi s shoul d i ncrease farmer purchasi ng power (Tables 8 and 9).
Land reform expanding of the irrigated area, and strengthening
of farmcooperatives are anong the current policy. Pronotion of
smal | industries in technical and financial aspects are also an
active task of the present policy.

Since the available additional |and that can be used for
food growing is limted, the only way to increase the anount of
f ood produced for donestic consunption and for export is to
increase yields. Mechanization is anong the najor neans to achi eve
t hat goal .

Tabl e 8. Estinmated demand for power tiller locally manufactured,

1977- 82.
Year Units
1977 16, 237
1978 18, 267
1979 20, 550
1980 23,118
1981 26, 007
1982 29, 257

Source: Suwit Disayanaren, Industrial Service Division,
Department of Industrial Pronotion, 1977.

Table 9. Estimated denmand for snmall four-wheel locally
manuf act ured, 1977-82.

Year Units
1977 2,918
1978 3,282
1979 3,692
1980 4,153
1981 4,682
1982 5, 268

Source: Suwit Disayanaren, |ndustrial Service Division,
Depart ment of Industrial Pronotion, 1977.
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STATUS OF AGRICULTURAL MECHANIZATION IN JAPAN

YOSHISUKE KISHIDA

PRESIDENT, SHIN-NORINSHACO., LTD.
TOKYO, 101 JAPAN

INTRODUCTION

Japanese agricultural nechani zation is peculiar inits
characteristics and history. It reflects agroclimtic and
cultural factors, that have contributed to nmaking Japan the
nmodern, industrially diversifiednation it is today.

Japanese farners enjoy a higher standard of l|iving than
people in other cities with well-devel oped smal | -and m ddl e-scal e
mechani zati on. The present status of Japanese farmng is shown
in the selected statistics after the references.

Qur main crop is rice, but its consunption has been decreasing
every year, while governnment has been regulating the price of rice
to help both farmers and consuners. The governnment reduced the
rice transplanting area in 1969 for the first time. This policy
has been carried out for the past years. But the inventory of
rice in governnent storage increased, so a second policy has gone
into effect to further decrease the rice transplanting area. The
governnent estimates that the rice in storage will be over 4
mlliont in 1978. The governnent is going to establish a new
policy which will subsidize farners to change fromrice to other
crops. The governnment wants to decrease rice production by 5.1
mlliont starting in 1978.

The rice yield this year is estinmated at about 4.75 t/ha (in
brown rice), which is 104%of the average yield of previous years.
The total cropping area of rice in 1977 is 2.723 million ha of which
upland is 34,000 ha. The food sel f-sufficiency rate, which had
decreased every year, has renmi ned at the sanme | evel since 1974 FY;
the rate was 74%  Agricultural production decreased 3.7% fromthe
previ ous year because of the unusually bad weat her. In this
unfavorable condition, farnmers still increased their incone from
both agricultural and nonagricul tural sources.

Average figures of main indicators of econom c performance
per one farmhousehold for 1976 are as foll ows.

Fam |y | abor spent in own agriculture (mh) ............ 2,225
(by 1. 37 persons)
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Toyana Pr ef . 1, 313

Hokkai do 3, 850

Size of holdings (ha) .......... ... ... ... ... .. ....... 1.141
Kagawa 0. 615
Hokkai do 7.827

Agricultural fixed capital ($) ....................... 6, 555
i nawa 3,168
Hokkai do 18, 543

Agricultural gross incone ............ ..., 8,517
i nawa 4,402
Hokkai do 23,526

Agricultural expense ($) .......... .. 4,072
ki nawa 1,698
Hokkai do 13, 539

Agricultural net income ($)......... ... . ... 4, 445
Kagoshi ma 2,284
Hokkai do 11, 026

Nonagricultural net income .......................... 9, 640
Hokkai do 3, 657
Tokyo 15, 553

Total net income ($) ....... . i, 14, 085
Kagoshi ma 8,162
Kanagawa 20, 427

Total net incone after tax ($) ..................... 12, 358
Kagoshi ma 7,197
Ai chi 16, 479

Governnmental aid i ncome such as " Dekasegi | ncone" . . 2,375
Cki nawa 1,182
Kyot o 4,592
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Disposable incone ............ ... ... i, 14, 733

Kagoshi ma 9, 537
Tokyo 18, 570

Living expenditure ........... .00, 11, 187
Kagoshi ma 7,483
Tokyo 14, 506

Surplus after living expenditure .................. 3,548
Kagoshi ma 2, 055
Nagano 5,415

(Total bank deposits were $23,228 and the anmpunt of borrowed
noney was $3,893). The di sposable incone in 1976 FY increased
only by 7.3%over 1975 FY, while 1975 FY increased by 17.1%
conpared with 1974 FY.

Japanese farmers are now better of financially than city

workers. Net incone and |iving expenditure of workers' household

incities wth a population of 50,000 or nore in 1976 are as
fol | ows.

Net i NCOMB .. .ot e e e e $12, 005
Living expenditure .......... ... .. i, 8, 443
I nvestment in agricultural nmachinery in 1976 FY .. 687d
Tokyo $ 223
Hokkai do 2, 557

I nvestment in agricultural machinery by size of farm

0.1 - 0.5 ha $ 1,508
0.5 - 1.0. 547
1.0- 1.5 916
1.5- 2.0 1,335
3.0 & over 1, 420
There were 4.89 m|lion Japanese agricul tural househol ds on

January 1, 1976. The popul ati on engaged in agriculture was 7.79

al $614 in 1975 FY. The rate of increase showed bi g differences

among prefectures (+67.5% in Okinawa, - 14.2%in South Kyushu).
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mllion and arable land totaled 5.54 mllion ha.

CURRENT STATUS OF MECHANIZATION

Agricul tural mechani zation began with the introduction of
rice processi ng machinery such as rice polishers, hullers, punps,
electric mtors, |owspeed engines, threshers, and sprayers before
the World War |1I. In 1950, soil cultivation was done by human
| abor and aninmal. |n 1952, an inporter introduced a sinple tiller
with a 2.5 hp gasoline engine. This was the start of rapid
mechani zati on of soil cultivation.

Many farnmers sold their cows and bought sinple tillers that
could pull trailers and cultivation equipment (i.e. "SUKI™).
Industry rushed into the business to make power tillers in the
1950s. Tractor horsepower on farnmns:

Year Al tractors Four - wheel
1950 73, 000

1955 489, 000

1956 778, 000

1957 1, 250, 000

1960 4, 159, 000 57, 000
1965 14,182, 000 488, 000
1970 22,133,000 4,533, 000
1975 28, 905, 000 12, 995, 000
1976 31, 980, 000 17,010, 000

The peak year for two- wheel tractor horsepower farns was 1972,
when it total ed 18, 400, 000 hp.

Mechani zati on coul d rel ease agricultural |abor to industry
and still steadily increase food production.

Qur agricultural machinery industry has been devel opi ng
cheap, suitable, and tinely newnachines for small farns. Labor
requi rements for rice producti on were decreased from 2, 045
man- hours/hain 1950 to 797 man- hours/hain 1976. The intensity
of tractor power was changed fromO0.08 hp/ha in 1952 to 5.77 hp/ha
in1976.

The nunber engaged in agriculture decreased as a result of
mechani zati on: 16, 100, 000 (persons) in 1950; 15,410,000 in 1955;
13,390,000 i n 1960; 11,080,000 in 1965; 10,250,000 i n 1970;
7,830,000 i n 1975.
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There is an interesting relationship between the nunber
engaged in agriculture and tractor density per ha. During 1960 to
1975, the relationship shows conplete linear function. 1In 15 years,
an increase of 4.52 hp/ha rel eased 5,560,000 agricultural |aborers.
This means that 370,700 agricultural workers were di splaced annual |y
by introducing about 0.30 hp/ha. In other words for every 3.9
tractor horsepower introduced, there was one | ess agricultural
wor ker .

Japanese farners have been investing in agricultural machinery
every year as follows: $206 million in 1955, $448 million in 1960,
$927 million in 1965, $1,520 mllion in 1970, and $3,281 mllion
in1975.

The total investment in agricultural nmachinery during the
20 years from1955 to 1975 was $24 billion. This shows that 7.58
mllion agricultural |aborers were released by the investnent of
$24 billion during the Iast 20 years. In other words, it needed
about $3,119 to replace one agricultural worker by agricultural
machi nery from1955 to 1975.

Most of the inportant operations in rice production have
been recently mechani zed. But other upland crop production is
not yet conpletely nmechanized. Fruit and vegetabl e harvesting
are especially difficult, because nbst go to the fresh market.

Maj or agricultural machinery (units) on farms in January 1977:

el ectric notor 1, 381, 000 (in 1967)
engi ne 1,727,000 (in 1967)
t wo- wheel tractor 3,178, 000
tractor (ridingtype) 833, 000
rice transpl anter 1, 251, 000
power duster 1, 710, 000
power sprayer 1, 389, 000
bi nder for rice and wheat or barley 1, 598, 000
power thresher 3,297,000 (in 1967)
conbi ne harvester (heading feeding type)

for rice and wheat or barl ey 530, 000
dryer for rice and wheat or barl ey 1, 779, 000
rice huller 1, 008, 000 (in 1976)
straw and forage chopper 943, 600 (in1967)
truck for agricultural use 1, 245,910 (inJan.1976)
conbi ne for rice or wheat

((connecti onal type) 520 (in Feb.1970)
tea pi cker 70, 800 (inCct.1975)

Nunmber of common facilities:

rice center 1,557 (Jan. 1977)
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country el evator 168 (Jan. 1977)

fruits and vegerabl e gradi ng house 3,007
fruitsstorage house 1,013
nursery plant facility for rice

transpl ant er 2,541
agricultural products drying house 1,109

Ri di ng type tractor by horsepower January 1, 1976:

Uni t hp
167, 600 10
204, 700 10-15
161, 300 15- 20
134, 700 20- 30

52, 700 30

In the last 10 years greenhouse agriculture grewrapidly. This

is one of the nbst intensive forns of agriculture in the world.
Total area of greenhouses except glass houses is 218.6 mllion m
and that of the glass houses is 11.3 nillion n® Mechani zation for
greenhouse production is nost challenging and will be rapidly
advanced wi th aut omati on engi neeri ng.

The rate of machinery utilization is not high in Japan, about
178 hours are used for rice production with powered nachinery.
Rice was planted on 2.72 million ha in 1977, of which 2.19 mllion
ha (80.4% was transplanted by machi nes. Two- rowrachi nes
transplanted 82.4% four- rowrachines 17.1% and over siXx rows
transpl anted 0.5%

Farmers are replacing old machines with | arger ones. The
bi ggest machine in 1977 is the 18- rowtractor- nountedtype which
uses paper - pot seedlings. Many kinds of seedlings are w dely used
and tested for rice transplanters.

As to the rice harvesting, about 2.4 mllion ha was done by
machinery in 1977. The rate of expenditure for rice production
machi nery in cost per ha in 1976 was 22.8% ($834).

PRODUCTION OF AGRICULTURAL MACHINERY

Machi nery production is undertaken by several big conpanies
that produce several kinds of machinery, mainly for rice production.
In 1976, the value of the production was $2.41 billion, alnpbst six
tines the 1966 figure ($390 million).
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Sal es by the top five manufacturers in 1976 follow. Kubota:
$790 mllion, Yanmar: $540 million, Iseki: $410 mllion,
M t shubi shi: $270 mIlion, Satoh: $170 milli on.

Their sal es account for nore than 80% of the total production.
These five manufacturers have their own nmarketing channels. They
have dealers in al nost every prefecture. But there are nore than
1,000 snmall and nedi um-si zed manuf acturers who produce specialized
products to neet many kinds of farnmer needs. The role of those
manufacturers is inportant for agricultural progress.

Producti on of Japanese agricultural machinery and tractors in
1976 was $2.41 billion (126.7%of 1975's):

Anmpunt (mllion $ %
f our —wheel tractor 110 36.9
ri ce and wheat 550 22.8
wal ki ng type tractor 180 7.5
rice planter 170 7.3
grain dryer 160 6.6
pest control machi nery and punp 102 4.2
all type of threshers 73 3.0
rice and wheat bi nder 100 3.1
ot hers 183 7.6
The production val ue of engines was $300 mllion in 1976. The
production value for 1977 January — June was $1.36 billion, which

is 118.8% of the production val ue during the sanme period in 1976.
But tractors and other major machi nery were over—produced and
inventories are increasing. This shows that manufacturers failed
i n demand forecasti ng.

Consunption of material and basic products for Japanese
agricul tural machinery in 1976:

ordi nary steel 159, 072 ton
speci al steel 23,226 ton

nmot ors 708, 403 uni tsgl
engi nes 935,192 units
transm ssi ons $ 4.4 nmillion
chain $ 3.7 mllion
beari ngs $ 9.6 nllion
hydraulic units $ 2.8 nllion

Aver age nunber of enployees per nonth in 1976 in agricultural

manuf acturing was 19,995. Yearly changes in production of selected
machi nery and val ue of total production are shown in Table 1.

G owth of the agricultural machinery industry has always resulted
fromnew products which could give profits to farners, dealers,
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Tabl e 1. Change of production quantity of sel ected machi nery and val ue of total

machi nery producti on.

agricul tural

Farm machi nery4_wlee| Ri ce Grain Power Grain Grain

total val ue :

x 10° $ tractor transpl ant ed r eaper t hresher conbi ne dryer
1966 393 15, 897 - 86, 632 344, 955 9 219,660
1967 467 24,090 - 68, 321 367,987 1, 269 208, 191
1968 590 36,615 - 133, 192 372, 263 14,758 233, 376
1969 685 46, 753 - 239, 102 273,780 39, 224 206, 284
1970 685 42,611 80, 601 322,421 190, 121 44,934 136, 963
1971 585 33, 757 129, 796 245, 369 142, 185 38, 159 110, 122
1972 634 51, 019 140, 894 164, 893 108, 841 51,414 79, 026
1973 954 99, 394 186, 142 222, 607 119, 600 68, 279 102, 745
1974 1,798 168, 167 345, 180 244,887 152, 657 117, 381 125, 022
1975 1,910 207, 285 251, 437 152, 187 121, 297 127,271 93, 570
1976 2,410 286, 639 238, 887 141, 561 83, 341 172, 351 133, 397
1977 1, 355 158, 637 134, 448 52, 003 83, 902 88, 216 81, 768

(Jan. - June)




and manufacturers. New products were devel oped through the
cl ose cooperation of manufacturers, dealers, and farners.

Export of Japanese agricultural machinery in 1976 was
$169 million, which showed a 50% i ncrease over the previous
year, and which is 7%of the total production of $2,410 million.
Mai n export nmarkets are Asia - 25.0% Europe - 29.2% and North
Anerica 28. 7%

Export of the four-wheel tractor increased rapidly the | ast
fewyears. The exported nunber during the first 6 nonths in
1977 reached 20,619. The inport value of agricultural nmachinery
and tractors in 1976 was $99 million. The nunber of inported
tractors in 1976 was 6, 856.

Japanese tractor manufacturers recently started to produce
bi gger sizes, such as the 83 hp tractor devel oped by Shi baura
and the 79 hp tractor by Kubota. The conpetition between inported
Japanese-nmade tractors wi || becone intense.

POLICIES RELATING TO MECHANIZATION

The governnent budget for agriculture, forestry, and fishery
in 1977 FY was determ ned by the follow ng considerations: 1) to
stabilize food supply, 2) to secure agricultural |and and workers,
3) to stabilize the price of agricultural products to secure farners'
income, 4) to inprove rural environnent, and 5) to nodernize food
mar keting. The general figure is $10 billion, which nmeans a 9. 4%
increase over previous fiscal year and which ambunts to 9. 3% of
the total national budget of $110 billion.

The introduction and subsidy of agricultural machi nery budget
is $567 mllion (35.3%increase over 1976). The anount for
agricultural machinery and facilities is $201 mllion. The main
gover nnent undertakings are i nprovenent of the agricultural
structure to conserve |land conditions, increase forage crop
production, and devel op programfor efficient production of wheat,
silk, and fruits. The anobunt for the research and traini ng expense
to i nprove farmnechani zation techniques is $4.72 mllion, which
is a 10.2%i ncrease over 1976.

A subsidy of $2.73 million is appropriated in the budget to

the Institute of Agricultural Machinery. In addition, there are
funds to aid the introduction of farmmachinery, $1.73 billion,
and | oan funds for inprovenent of agriculture, $115 mllion.
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TREND OF RESEARCH AND RECENT NEW PRODUCTS

The government wants to pronote nechani zation nore for
other crops than rice. Governnental research stations are
doi ng research and devel opnent in various fields, especially
for mechani zed harvesting of upland crops, vegetables, and
fruits. Japanese engi neers have to develop small and cheap
machines suitable for small farns.

New t argets of research and devel opment of new machi nery
were recently reported by the Institute of Agricultural Mchinery:
1) safety and confort of operators, 2) automation, 3) energy
and resource conservation, 4) transportation and nateri al
handling, 5) soil fertility, 6) inmprovenent for machinery
related to soil, 7) increased utilization of paddy field,

8) utilization of steeply sloping I and, 9) harvesting of

fruits and vegetables, 10) food marketing, especially vegetable
storage, 11) environnental control for animals, 12) treatnent
of waste and noxi ous gas.

A nore detailed outline for rice production foll ows.
1. Soil preparation

a. tractor for very soft soil
b. ridge neki ng machi ne

2. Rice transplanting nachi nery

body for very soft soil

new seedl i ng feeding unit

new transpl anting nmethod for |ong seedlings
position control of transplanting unit

aut omat ed findi ng of unplanted seedling

rel eveling nethod after tractor wheels

new system for grow ng seedlings

@=-PaooTp

3. Pest control

a. research on new pi pe nozzle

b. lowvolunme sprayer
c. lowloss sprayer
4. Weeding

a. new nechani cal weeder
b. weed reaper for water channels or for ridges
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5. Water managenent

a. automated irrigation systemto save water and
to increase yield
b. new systemfor raising water tenperature

6. Fertilizing

a. manure spreader or applicator
b. granular or solid fertilizer applicator
c. liquidfertilizer applicator

7. Harvesting and transportation

aut o—control of threshing function of conbine
al | -weat her conbi ne

conbine with planting unit

i nprovenent of conventional conbine

cooTow

8. Drying and storage

hi gh speed dryer

new bul k storage nmethod for brown rice
aut omati on for dryer

handl i ng of grain

oo op

Manuf acturers are al so pronoti ng new devel opnents in
various fields. Automation, use of m cro—conputers, and
hydraul i cs are being studied i n many projects.

Trends i n devel opnent of sel ect ed machinery for rice:

Tractor (four—wheel: 9 — 83 hp are available. Farners are
demandi ng nore powerful, automated, and confortable tractors.
Rotary operations with tractors are going to be autonat ed.

Rice transplanter: 2-, 4-, 6-, 12—, 18-rownachines are
avai l abl e. Operation speeds are 0.1 ha/hour — 0.8 ha/hour.
Ei ght een-row pl anters use paper pot seedling for cold weather
areas. Farners want to buy bi gger nachi ners.

Direct seeder: Many kinds of direct seeding machi nes have
been devel oped by several manufacturers.

Weeder: Power weeder is noww dely used to control weeds
and to increase yield. Farners increased yields 10-20% by usi ng
power weeders.

Deep fertilizing machine: Farmers are showing interest in

this machine to increase yields. Several manufacturers are test
mar ket i ng.

International Agricultural Machinery Workshop

121



Conbi ne: Two directions (toward bigger and snmaller) are
i ndicated by newnodels. Length of cutter bars range from50 cm
- 150 cm engine power ranges from5-30 hp, weight from350 -
2,820 kg, harvesting speed from0.03 - 1.8 ha/h, price from
$2,269 - $17,538. | seki devel oped a fully automated conbi ne | ast
year as a prototype. Direction control, cutting height control,
travel speed control, threshing drumload control, and feeding
depth control are already avail abl e.

Machi nery for straw and husk: Several kinds of straw
collectors, harvesters or pickers have been devel oped. A self-
propel l ed strawbal er for soft soil is available. Many nmanufacturers
are devel opi ng various ki nds of husk burners, charcoal producing
units, gas producers, husk mlls, husk manure producers, drainage
machi ners (using rice husks), chemical husk converters (to ani nal
feed, etc.).

Last year Sasakinoki in Aonori Prefecture devel oped a new
chem cal straw processing unit to prepare ani mal feed.

FUTURE DIRECTION

Japanese agriculture has several difficulties: 1) rapid
decrease of young farners, 2) smmll and separated fields,
3) big gap in |labor productivity, 4) conpetition fromforeign
countries who want to sell their agricultural products under the
bi g deposit of foreign currency, it is hard for nmany Japanese
products to conpete with themin price, 5) political power for
the agricultural sector is decreasing because of the increase of
city popul ation and i ndustry.

How can we sol ve these probl ens and devel op agriculture
further? W have to rapidly devel op automation in our agriculture,
whi ch means to pronbte a new " brai nnmechani zati on" instead of a
"muscl e mechani zation."” Many manufacturers and institutes have
already started research on autonation of Japanese agricul ture.
| estimate that the first stage of this automation will be conpleted
by about 1995.

Agricul tural automation will be devel oped in various fields,
such as 1) systens for controlling many scattered small fields
at the sane tine, 2) fully automated systemfor greenhouses,

3) utilization of steeply sloping land, 4) food production unit
for every house.
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Japan has a positive social need to devel op automation in

agriculture through the devel opment of new aut onmat ed machi nery, the
energy consunption, |and and | abor productivity, farnmers' work
schedules and life styles will change greatly. | believe that
creative engineers will overcone Japanese agricultural difficulties.
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SELECTED STATISTICS

| and area, cultivated | and, and area by use

1965 1975
Total |and, ha 36, 978, 000 37, 753, 000
Cultivated |l and, ha 6, 004, 000 5,572, 000
Cultivated land ratio, % 16.2 15.0
Irrigated paddy field, ha 3,123, 000 2,719, 000
Upl and rice, ha 132, 000 45, 000
Upl and field, ha 2,614, 000 2,402, 000
Common field, ha 1, 948, 000 1, 289, 000
O chard, ha 526, 000 628, 000
Grass | and, ha 140, 000 485, 200
Forest and field, ha 25,011, 000
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Area of |land planted, selected crops (ha)

1965 1975

Total planted area 7,430, 000 5, 755, 000
Ri ce 3, 255, 000 2, 764, 000
Wieat and barl ey 966, 800 181, 000
Sweet pot at oes 256, 900 68, 700
Pot at oes planted in spring 202, 000 132, 000
M scel | aneous cereal s 83, 500 25, 600
Pul se 485, 200 257, 100
Fruits and nuts 355, 900 430, 400
Veget abl es 691, 500 631, 700
I ndustrial crops 364, 600 241, 800
Mul berry 163, 800 150, 600
Forage and manure crops 610, 800 871, 900
Gr eenhouse area 3, 259 18, 760

total planted area 31, 536

in the greenhouse

Ratio of land utilization (%

1971 1975 1975 /
(in wnt erSl

Tot al 104.5 103. 3 30.3
Paddy field 94.5 98.5 8.7
Upland field 118.6 109.6 69.5

a/Two reasons farners do not utilize their field during winter
season are: 1) |labor shortage - 36% 2) unsteady narket
price - 26%

Location of four main islands (Hokkai do, Honshu, Shikoku, Kyushu)

North | atitude 30° - 46°
East | ongi tude 128°30' - 146°

Aver age tenperature (C) and rainfall (nm in selected cities in
1975. &

Sappor o Tokyo  Takanat su Kagoshi ma
Last 10 days of -5.2°C 3.8°C 3.3°C 5.0°C
January 35mm Omm omm 3mm
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Sappor o Tokyo Takanmat su Kagoshi ma
First 10 days of 8.8°C 14.5°C 15.4°C 16.7°C
May 25m 48m 8mm 37mm
First 10 days of 20.6°C 26.2°C 26.7°C 28.1°C
August 12m 51 mm 70mm I mm
Last 10 days of 7.7°c 16.0°C 14.8°C 17.8°C
Cct ober 96mMm 28mm 35mm 36mm
a/ 1976 was one of the cold and unusual weat her years, which
danmaged rice production in northern Japan
Far m popul ati on and popul ati on engaged in agriculture
Popul ati on
Farm Ratio & engaged in Rati ob/
Year popul ati on (N agriculture (%
1950 37,811, 000 45. 4 16, 100, 000 90. 6
1%0 34,411, 187 26.8 14,541, 624 26.8
1970 26, 281, 780 10, 251, 878 16.9
1975 23, 195, 000 20.7 7,907, 000 14.8
1976 22, 895, 460 20.1 7,479, 550
al divided by total popul ation
b/ divided by total popul ation of engagenent
Farmnunber by full—tinme and part—tine
Full —tinme Part—tinme
Year Tot al farns farns 2nd ki nd
1960 6, 056, 630 2,078,124 3,978, 506 1,042,176
1970 5, 341, 844 831, 350 4,510, 494 2,708, 680
1975 4,953, 100 616, 400 4, 336, 600 3,077,900
1976 4,891, 360 658, 680 4,232,680 3,230, 760

Far mhousehol ds by area (ha) of arable land in 1975 (x 1, 000)

Prefectures -0.5 0.5 -1 1.0 - 1.5 1.5-2.0 2.0- 2.5
1, 995 1, 436 349 162 162
2.5-3.0 3.0 -
74 76 Total = 4,818
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Hokkai do -1.0 1.0- 2.0 2.0 - 3.0 3.0- 5.0
27 11 11 25

5.0 - 10.0 10.0 - 20.2 20.2 -
33 16 10 Total = 134

Agri cul tural engagenent by age, January, 1976 (x 1, 000)

Age - 15-19 20-24 25-29 30-34 35-39 40-54 55-64 65 -
54 241 318 446 671 2,844 1,392 862

Total = 7,480

(nunber of males is 2,975, 000)

New agri cul tural engagenent anong new graduates fromm ddl e and
hi gh school

1971 1975
Tot al graduates 981, 674 640, 216
Rati o of agricultural engagenent 3.1% 2. 1%

Location of concentrated farmhouses (C. F.H ) 1975

Nunber of farmhouses concentrated near DID city, town, or
village: 92.9%of 18,000 C.F.H sanpled from142,000 (hours

toreach DIDcity, town, or village).

0.5 hours 0.5 -1 1-2 2 and above
39. 4% 38.0% 20.0% 2.3%

Al nost Japanese farmers are within commuting distance to
work in a factory, office, or shops.

Price of farmland for farmng $/ ha

Paddy field Upland field
1965 7,842 4,739
25, 487 14, 892

1975
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Average price of farmland used for housing is $64.4 -
290/ 3. 3n?. Above fi gures do not include Tokyo, OChsaka, or
Kanagawa, where |land price is specially high.

Status of agriculture in national econony

1970 1974 1975
Net donestic product
at market price (bil.S) 272. 4 433. 6 490.7
Agriculture (% 4.3 3.7 5.0
Per sonal consunpti on
expenditure (bil. $) 139.6 268. 6 316.6
Foods & drinks (% 34.3 33.1 33.0
Val ue of inports (bil. $) 26.1 69.5 66. 0
Agricul tural product (% 33.1 26.7 27.0
Sel f-sufficiency ratio of
foods (% 81.0 77.0 78.0
Sel f-sufficiencyratio
of cereals (% 48.0 40.0 43.0
Nat i onal general budget (bil.S) 31.6 73.8 80.1
Agriculture 10.8 10.5 9.6

Status of rice production in agriculture in 1975

Total agricul tural production

(inbil. $) 34.0 100. 0%
Rice (inbil. $) 13.1 38.6%
Animal neat & eggs (inbil. $) 8.6 25. 3%

I ndi ces of agricultural production (1970 = 100)

1955 1965 1975
Total agriculture 71.9 89.0 105. 6
Ri ce 97.2 97.7 103.5
Veget abl es 58. 8 84.1 103. 4
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Fruits & nuts
Pi gs

Hen eggs

Cow mi | k

Beef cattle

Agri cul tural

| abor productivity indices (1970 = 100)

1975

145. 7

1955 1965 1975
32.7 69. 3 103.4
15.6 62.8 120.2
24.3 67.0 102.1
21.0 67.7 104.5
102.4 84.6
| abor productivity. But

This is 41.4% of nonagricul tural

it was 28. 6% of nonagricul tural

| abor productivity in 1971.

Change of |abor hours for paddy rice production and the yield
Year 1975 1970 19693 1960 1955
Labor (man-
hour s/ ha) 814 1,179 1,179 1,709 1,918
Yield in brown
rice (t/ha) 4.81 4.42 3.90 9.98 3.90
Year 1940 1925 1910 1900 1882
Labor (man-
hour s/ ha) - - - - -
Yield in brown
rice (t/ha) 2.98 2.72 2.58 2.24 1.78
a ol d weat her year.
Far mhousehol d econony (national average, per one farmhousehol d)
Fi scal year -
Apr. - Mar. (unit: $1,000)
1974 1976 76/ 75 (x 100%
Bank deposi t 12.1 23.2 115.5
Total debt 2.7 3.9 116. 2
Total gross incone 17.0 21.3 110.0
Total inconme of farm
househol d 13.1 16.5 108.0
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1974
Far mhousehol d
i ncone 11.3
Agricul tural 3.6
i ncone
Gross i ncone 6.8
Expendi t ur es 3.3
Nonagri cul t ural
i ncone 7.8
Gross i ncone 8.4
Expendi t ur es .06

Taxes & ot her

public charges 1.4
I ncome after taxes 100.0
" Dekasegi "i ncone

grants & subsi di es

etc. 1.7
Di sposabl e i ncone 11.7
Li vi ng expendi ture 8.8
Surplus after living

expenditure 2.9
Fam |y nenbers 4.59
Cultivated area (ha) 1.125
Menbers engaged on

own farm 1.41

Expenditures related to agricultural

1976

14.

10.

machi

.4
7
.2

.5

52
14

.37

nery per farmhousehol d

76/ 75 (x 100%

107. 3
100. 8

106. 4
113.3

110.5
110.2

106. 4

115.2
106. 2

113.0
107.3
109.7

100. 2
99.1
100. 8

97.2

Li ghti ng, heating, and power

Total of small agricul tural
i mpl ement's, agricul tural
mot or vehi cl es, mai nt enance
and repair of farmbuildings,
and ot her expenditures

Depreci ati on

357
780

454
993
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Pur chase and di sposal sal e val ue of fixed assets ($1, 000)

1974 1976

Pur chase val ue 2.5 3.4

Bui | di ngs 1.2 1.7
Mot or vehicl es .41 .51
Large agricultural inplenments .48 .68
Di sposal sal e val ue 1.1 .92
Land .85 .61

Price index (1970 = 100) of agricultural products, agricultural
i nplenents, and price, of rice

Al'l agricultural Ave. selling price
product s Ri ce of ricetogovt. ($/t)
1970 100 100 523
1975 181.0 187.6 999
1976 196.0 200.4 1,053
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STATUS OF AGRICULTURAL MECHANIZATION IN KOREA

SUNG KUM HAN

DIRECTOR, INSTITUTE OF AGRICULTURAL ENGINEERING & UTILIZATION
MINISTRY OF AGRICULTURE & FISHERY
SUWEON 170, KOREA

SUMMARY

Rice and barley are the main grain crops grown in Korea,
so mechanization of agriculture centers mainly around
these crops. Mechanization began in the early 1960s
when the power tiller and power sprayer began to be
supplied to the rural areas. The production system

for rice and barley began to cahnge from manual and
animal power to partially mechanized operations.

But transplanting, harvesting, and drying are not yet
mechanized. In Korea, peak labor requirements occur in
the rice transplanting and barley harvesting season
(June, July) and rice harvesting and barley seeding
season (Oct., Nov.). These peak labor requirements
have caused farm wages to rise with a 29-38% increase
between 1976 and 1977. Mechanization is urgently
required to relieve the peak labor requirements and
ensure timely harvesting and transplanting.

The government is promoting agricultural mechanization
by increasing the supply of power tillers and tractors,
constructing model mechanized pilot areas, establishing
mechanized operational systems, providing low interest
loans for major farm machinery, enforcing laws that
concern mechanization, and promoting a system of free
competition in the manufacturing sector.

INTRODUCTION

Extent of irrigation

O the total 1.28 million ha of paddy field, .92 mllion are

irrigated and .34 million partially irrigated or rainfed.
latter represents 28% of the total area.

The
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Utilization of land and size of farms

Paddy fields occupy 57%of the total 2.24 million ha of
cultivated |l and and upl and 43% (Fig. 1). Rice and barley, the
principal grains in the Korean diet, are the main crops grown.

Ri ce makes up 54% and barl ey and wheat 34% of the total production
(Fig. 1). Land holdings per household i n Korea average only

0.9 ha -- 34.8%are between 0.5 and 1.0 ha, 18.1%between 1.0

and 1.5, and only 1.5%over 3 (Figs. 2 and 3).

Percentage of farm labor and level of farm income

In 1976, the total |abor force was 36% (12.34 mllion
persons) of the total population. The agricultural |abor force
is about 42% (5.12 mllion persons) of the total |abor force.
Average farmincone per household in 1976 was $2, 404, an increase
of 31% over the previous year. Farmhousehol d expenditure has
increased by $505, or 39% between 1975 and 1976. As a consequence,
the real farmhousehold i ncome has increased 28.9% faster than the
annual average national inconme of $1,899 for 1976 (Fig. 4).

Rainfall
Average annual rainfall is between 1,200 and 1,500 nmin

Korea. But its distribution sonetinmes does not fit the farm ng
pattern (Fig. 5).

Rice (54%)

Upland
963,092 ha

Paddy
1,276,599 ha

TOTAL
2,239,691 ha

Others
(12%)

1. Utilization of cultivated land.
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2. Farm size distribution, 1976.
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3. Farm population and number of farm households,
1964-76.
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4. Changes in farm household income and expenditure.
Rainfall (mm)
300 |— a
n
I
5y
oy
! 3
LB |
200 |— ! 1
[}
/] [} "
: [P
H DY
2 Sy _,’ v ‘\‘
100 P \
Vi \
¢ “
; \ g
-y, " ‘\ O'
0 | eeed | L P I SR S |
[¢] 2 4 6 8 10 12
Month

5. Rainfall.

Distribution is as foll ows:

Rai ny season (July - August), 46.2%
Dry season (April - May), 12.8%
Harvesti ng season (Septenber - Cctober,
W nter (Decenber - March), 10.2%
Transpl anti ng season (June), 12.2%

Novenber) 18.4%
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6. Increase in farm daily wages, 1966—76.

Daily wages of farm labor

Daily wages of farml aborers increased by 29% to 38% bet ween
1976 and 1977. Figure 6 shows the tendency of wages to increase
and the current daily wages -- $3.02 for a man and $2.15 for a
woman. This tendency will continue seasonally under typical Korean
farm ngconditions.

CURRENT STATUS OF MECHANIZATION

Rice is the nost inportant cereal in Korea's diet. Thus

agricul tural nechani zation has been devel oped in accordance with
the rice cultivation system

Plowing and harrowing

Up to 1963, plow ng and harrow ng operations were perforned

by oxen. Since then power tillers have been supplied steadily

and the systemfor rice production changed fromani mal power to
partially mechani zed operations. The nunber of power tillers
supplied during the nbost recent 2 to 3 years increased rapidly and
t he nunber supplied by the end of 1976 total ed 122,079. Al though
only 790 tractors were supplied by the end of 1976, the governnent
currently has put nore enphasis on tractors. Thus it is expected

International Agricultural Machinery Workshop 135



that the nunber of tractors will increase and the cultivation
systens will be changed to suit tractor systemby 1980.

Transplanting

Al t hough nechani zed transpl anting has been attenpted in
Korea, a suitable technol ogy has not yet becone avail abl e and
there is still heavy reliance on manual labor. |In 1977 the Korean
governnment supplied 50 inported rice transplanters fromJapan to
the joint farm ng areas as a denonstration. Sone agricultura
machi nery manufacturers plan to naeke rice transplanters and the
Institute of Agricultural Engineering & Utilization is also
devel opi ng a version which is attached to a small power tiller

Pest control

Prior to 19,60, spraying in paddy fields was carried out with
a manual sprayer, but msters and dusters and power sprayers
started to be produced and supplied in 1960. In 1970 the supply
of these machi nes was standardi zed. By the end of 1976, 123,638
m sters and dusters and 40,534 power sprayers were supplied in
rural areas. Figure 7 shows the percentage of rice |lost through
i nsects and di sease attacks

(O/D)
16

Loss by insects
\,

1965 66 67 68 69 70 7 T2 73 74 776
Year

7. Percentage of rice lost through insect and disease damage.
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Reaping

Reapi ng operations have traditionally been carried out manually.
Various types of reapers were devel oped and introduced, but fewwere

ever supplied to the rural areas. There are 3,376 manual reapers
and 173 power reapers currently in operation. According to a
pl an, the governnent is attenpting to nmechani ze the harvesting
operation and has supplied sonme conbi nes and bi nders as nodel s.

Threshing

I n Korea, threshing devel oped originally frommnual
met hods and progressed to use of power machines. Mst farnmers
today use power-driven machi nes and a few use pedal threshers,
but the nunber of farners using the pedal threshers is now
steadi |l y decreasing. Conbines which carry out reaping and
t hreshi ng simultaneously will soon be widely supplied to the
rural area.

Drying

Sol ar drying is the nbst common nethod used because of the
excel | ent weather conditions during the harvesting season. In
rural areas, 366 batch-type dryers and 262 circul ati ng-type
dryers have been supplied to farners and farmgroups. As the
nunber of conbines supplied in the rural areas increases, so
will the need for dryers.

Storage

Most farnmers use a straw bag or sinple grain bin for
storage. To inprove grain quality and reduce | osses and costs,
I.A E. U is developing a solar energy systemfor grain drying
and storage. As paddy production continues to increase, expanded
storage facilities will becone nore inportant.

Agricul tural nmachi nes began to be supplied in the early
1960s. Mass production of farmmachinery and supply on a wi de
scal e began in 1970. Agricultural mechani zation has progressed
rapidly due to a shortage of farmlabor and increases in rural
income (Fig. 8. Atotal of 1.86 million hp is available on
Korean farms: engines (574,863 hp), electric notors (152,628 hp),
power tillers (1,098,711 hp), and tractors (36,340 hp). This
represents an average of about 0.8 hp per farm(Fig. 9). The
mai n source of the increase in farmhorsepower is frompower
tillers and tractors.
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1971 73 74 75 76

(574,863 hp)

Year

Power tiller
122,079
(1,098,7I hp)

Total
223,451
(1,862,542 hp)

Electric motor
26,74

(152,628 hp)

Tractor
790(36,340hp)

8. Development of rice mechanization,
1971-76.

9. Horsepower available per farm

Total farm powe Horsepower
household Total horse i per farm household
2,336,000 1,862,542 hp 08 hp

household, 1976.
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LOCAL MANUFACTURE OF EQUIPMENT

Power tillers, m st blowers and dusters,

power sprayers,
threshers, and tractors are the major itenms currently produced

in Korea. All machines except the tractor are entirely donestically

produced. Table 1 shows the nmajor equi pnent

manuf act urers produci ng them

POLICIES RELATING TO MECHANIZATION

Plans for encouraging local manufacturers

To pronote agricul tural nechani zation,
classifies manufacturers into two groups.
conpani es capabl e of producing a range of

inthis class produce engines,

transpl anters, reapers, and conbi nes.

itens.

in Korea and the

t he gover nnent
The first are |l arge
Manuf act urers

power tillers, tractors, rice

or small—sized firnms which generally produce one special item

These manufacturers produce such itens as dryers,

machi nes, and t hreshers.

Table 1. Major farmmachi nes and ot her

pest control

itens produced in

Kor ead .
Machi ne Nunmber of manufacturers Local content
(val ue)
%
Tract or 2 37
Power tiller 2 100
Power sprayer 6 100
M st and duster 2 100
Manual sprayer 5 100
Power thresher 13 100
Pedal thresher 4 100
Seeder 2 100
Reaper 3 100
Punp 13 100
M 11ing machi ne 21 100
Dryer 2 100
Machi ne for ani mal 3 100
Engi ne 11 100

al Manuf act urersthat produce nore than one kind of nmachine are
recorded for each machi ne category.
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Table 2. Statistics on the supply of farmnachinery in
Korea, 1976-77.

Machi ne Nunmber Nunber Anount of
(by 1976) (plans for 1977) loan, % (1977)

Power tiller 122,079 47,510 50
Power sprayer 40, 534 10, 030 80
M st and duster 123, 638 22,497 70
Punp 85, 704 12, 967 70
Power t hresher 144, 780 8,010 50
Seeder 1,525 2,000 100
Power cutter 4,877 200 70
Tract or 790 210 70
Dryer 628 60

Conbi ne 69 65

Transpl ant er 32 65

Plans for supply of farm machinery

Farmers who wi sh to purchase agricul tural machi nes can obtain
a governnment | oan representing 30 and 50% of the initial investnent
cost, which is repayabl e over a period of 3-10 years (Table 2).

Training

The O fice of Rural Devel opment provides training in
nechani zation for farners, Training centers are divided into
three classes -- National, Provincial, and Gty.

The National Center trains rural guidance workers and farners
who purchase the larger farmmachinery (tractors) and newy devel oped
machi nes (rice transplanter, conbi ne, binder) on operational
techni ques and nmi ntenance. The National Center spreads new
techni ques and guides farnmers. The Provincial Center trains rural
yout h and wonen in operational techniques on power tillers and snall
machi nery. The objective of the Provincial Center is to relieve
the | abor shortage and to prepare the younger generation for nodern
agriculture. The Cty Center trains farners who have purchased
machines in field operational techniques. Table 3 shows the
details of the training prograns.

RESEARCH, DEVELOPMENT, EVALUATION, AND EXTENSION

Research is carried out mainly by the Institute of Agricultural
Engi neering & Utilization of the Ofice of Rural Devel opnent. The
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Table 3. Training centers and trai nee details.

- . oo No. training . NO'. NO'.
Cl assification Trai ni ng center cent ers Tr ai nee Term trainees trainees
(1976) (1977)
Nati onal Center Ofice of Rural Rural guidance 2-24
Devel oprent 1 O ficer and (k) 530 143
farners
Provi nci al Provincial Ofice
Center of Rural Devel op- Rural yout hs 1-6
nment 9 and worren (wk) 2,490 2,778
City Center Rural Gui dance 1-3
office 141 Farmers (da) 73,728 90, 000
Tot al 151 76, 748 92,921




objectives and ains are to devel op farmnachi nery and adapt machi nes
to suit Korean conditions.

Government policy is to recommend to farners those newy
devel oped nmachi nes and new t echni ques whi ch show good performance.
New y devel oped operational techniques are introduced through
speci al training courses.

Sone machi nes developed in I.A E.U and currently being
suppl i edi ncl ude:

Rice transplanter: The price is kept |ow since the transpanter
is an attachnent for a small power tiller. The existing nodel is
a four-rowrice unit, so the efficiency is high.

Rot ary power seeder: Plow ng and seeding are carried out at
the sane tinme, and the efficiency is high. By using the existing
power tiller after changing the rotary bl ades the cost is kept
low. It is possible towork in semwet |and (noisture content
90%) .

Smal | power tiller: Lowpriced and sinple in construction,
the tiller is lightweight and suitable for operation by a woman
or older person. It is useful for spraying, transport, punping
wat er, and nmany ot her aspects of farm ng.

Axial flowthresher: Suitable for both barley and rice
threshing, this machine gives high threshing performance (650
kg/ hr for rice and 450 for barley). The strawis returned to the
field.

Rice hull furnace: This machi ne has sufficient heat output
for drying and is econonmical, using rice hulls as fuel.

FUTURE DIRECTION

The fourth 5-year agricul tural nmechanizati on programhas
been established. The plan calls for supplying farmnachi nery,
encour agi ng manuf acturers, and provision of service and nai nt enance,
as well as a research programfor nechani zation. The basic
obj ectives of agricultural nechani zation are to increase |and
and | abor productivity and inprove agricul tural nechanization
t echni ques.

The principal features of future plans are:

1. Increase the supply of farmmachinery.
2. Install punping stations for efficient use of river
wat er .
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I mprove | owproductivity I and and supply of tractors.
Rel i eve peak | abor requirenments through mechanization
of transplanting and harvesti ng.

Uilize land efficiently through the supply of newy
devel oped farmmachi nery.

Provide |l owinterest |oans for major farmmachinery
and subsi dies for new y devel oped nmachi nes.

Pronot e devel opnent of farmnachi nes suited to Korean
condi tions by establishement of an Institute of Farm
Mechani zati on.
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STATUS OF AGRICULTURAL MECHANIZATION IN MALAYSIA

AYOB BIN SUKRA

HEAD, AGRICULTURAL ENGINEERING,
WATER MANAGEMENT, & CENTRAL WORKSHOP BRANCH
MALAYSIAN AGRICULTURAL RESEARCH AND DEVELOPMENT INSTITUTE
LOCKED BAG 202, UPM POST, SERDANG, SELANGOR, MALAYSIA

INTRODUCTION

The agricultural sector holds a prom nent position in the
Mal aysi an econonry. In 1975 it provided enpl oynment for 49. 3% of
the country's total work force, contributed 45.5%of the foreign
exchange earni ngs, and 29.8%of the gross donestic product (CGovt.
Mal aysi a, 1976).

About 10% of the 33.3 million ha total land area in Ml aysia
is under cultivation. |In peninsular Malaysia the cultivated
land represents 22% of the 13.1 mllion ha total |and area.
Figure 1 shows the proportion of |Iand under various crops. Tree

Oil Palm
(21.3%)

Coconut
(6.98%)

Rice
(11.2 %)

1. Percentage of cultivated area under various crops in peninsular
Malaysia.
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crops make up 82.6%of the agricultural land. Rice is the nmajor
cereal crop (11.17%. In peninsular Malaysia, the lowand rice
area constitutes about 97% of the total paddy |and of 382,194
ha of which 76.3%is irrigated. Double cropping is practiced

on 56% of the total paddy area.

About 20% of the population in peninsular Malaysiais
engaged in rice farmng (Selvadurai, 1971) with an average per
farmer inconme of MB110 per nonth. This is conparable to the
wages received by seniskilled workers in the manufacturing sector --
MB3. 50 - Mb4.50 per day (Fed. Industrial Dev. Authority, 1977a).

CURRENT STATUS OF MECHANIZATION
Agricultural operations currently mechanized

In the treecropplantations, four-wheel tractors are
enpl oyed for transportation, handling, and general farmunmaintenance.
Besi des this, nmechani zation is nostly enployed in the cultivation
of lowmand rice, especially for land preparation. For paddy |and
preparation both four wheel ed and two wheel ed tractors are being
used, and nobst conmmon inplenment is the rotary tiller. The
nmol dboard plowis seldomused in nechani zed paddy | and preparation.
General |y paddy land cultivation is done under wet field
condi tions.

In the main rice growi ng regions, 60 to 90%of the farners
cultivate their |and mechanically, either using nachines owned
and operated by thensel ves or by customhiring fromcooperatives,
governnment departnments, or contractors. Plowingwith buffalos is
still enployed in the smaller rainfed paddy grow ng areas.

The type of tractors used varies with the area dependi ng
on the soil and water control conditions. Two wheeled tractors
are mainly of the inported Japanese type with 10-15 hp diesel
wat er - cool ed engi nes. Most four wheeled tractors are in the
range of 25-35, 50-60, and 70-80 hp, depending on the soil
condi tion. In one maj or paddy growi ng area, it has been observed
that 25-30 hp tractor are becom ng nore popul ar than 50-60 and
70-80 hp as a result of deepening of the soil hardpan and the
hi gh frequency of tractorsl "boggi ng down. "

Ri ce harvesting conmbi nes of both Japanese and Anerican/

Eur opean types have been used with varying success. The Anerican/
Eur opean types are nostly operated by contractors and used nmainly

inthe Muda irrigation schene area. Japanese-type rice conbi nes,
especi al |y devel oped for local soft soil field conditions, have

recently been introduced. However, rice harvesting is still
predom nantly perforned manual ly, using the sickle and tub thresher.
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2. Machinery population growth in peninsular Malaysia.
(Source: Dept. of Agriculture. P. Malaysia 1968—76.
Annual Reports Extension Branch. Dept. of Agriculture,
Kuala Lumpur)

I ntroduction of the Japanese-type nechanical rice transpl anter
has met with limted success. This could be due to deep water
condi tions and poor |eveling practices in nost paddy areas and the
difficulty in raising seedlings for the transplanter under these
si tuations.

Fi gure 2 shows the changes during the last 5-10 years in the
popul ation of five classes of farmmachinery (other than those
used in the estate or plantation industry) in peninsular Ml aysi a.
General |y the machi nery popul ati on had been i ncreasi ng over the
period. Exceptions to this are the notorized threshers and water
punps, which have remained at a fairly constant level. Gowth
in the machi nery popul ation, especially tractors and notorized
sprayers, has been influenced by the increase in the paddy area
under double cropping. The "nogrowh" in the nunber of notorized
threshers seens to indicate its poor acceptance by farners.

Agricultural machinery ownership pattern

There are four types of agricultural machi nery ownership
inthe country (excluding those in the estate industry) --
1) individual farmer owned, 2) contractor owned, 3) farner
cooperative owned, and 4) farmmachi nery owned by governnental
agenci es. Changes in the proportion of machi nery ownership under
each type over the last 5-10 years are shown in Figures 3-7.
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3. Ownership pattern of two-wheel tractor in
peninsular Malaysia. (Source: See Fig. 2)

Percenage ownership

100

Farmers

Farmers coop.

Percentage ownerstiip

Contractors

Agric. dept.

4. Ownership pattern of two-wheel tractor in
peninsular Malaysia. (Source: See Fig. 2)
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5. Ownership pattern of threshers in peninsular

Malaysia. (Source: See Fig. 2)
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6. Ownership pattern of water pumps in
peninsular Malaysia. (Source: See Fig. 2)
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7. Ownership pattern of manual sprayer in
peninsular Malaysia. (Source: See Fig. 2)

General Iy, the highest share of the machinery ownership is
ei ther by individual farnmer or by contractor. The share for
col l ective ownership by farmer cooperatives is snall.

Current mechanization problem areas

The current short-termproblemareas in which the introduction
or devel opment of suitable nachinery would be desirable are |isted
inthis section. The list has been prepared in an approxi mate order
of inportance in terns of the national agricultural devel opnent
program Mechani zation is needed because of the increasing
tendency toward | abor shortages, especially at peak | abor denand
periods; labor mgration of agricultural |abor. Mechanization
woul d al so be required to expand the acreage for sel ected crops
under the country’s Crop Diversification program

Mechani zati on Needs by Probl em Areas

Crop/ 1 ocation Mechani zati on problemarea
Rice (lowand irrigated) 1. Transplanting (deep water and
poor |and | eveling practice)
2. Harvesting (soft soil, insufficient

drai nage of fields and heavy
rai nfall at harvest--of f-season
poor access to plots)
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3. In-field transportation of
paddy grai ns at harvest
4. Drying and post-harvest | osses

Tobacco 1. Land preparation, tillage and
weedi ng
2. Curing--furnace utilizing cheap
fuel source

Harvesti ng
Chi p maki ng and drying
Pel | et maki ng

Tapi oca (cassava)

Prime nover/transportation
Dest unpi ng, ditch nmai ntenance

Crops grown on peat soil

Forage harvesting and handl i ng
Wast e di sposal and treat nent

Li vestock rearing

B NP D2 Wb

Cocoa Dryi ng and processing

LOCAL MANUFACTURE OF EQUIPMENT

Statistics on the local agricultural machi nery manufacturing
industry are not readily available. There are only a fewfirns
actively involved in the assenbly or manufacture of farmmachinery.
Local assenbly activity (with a small percentage of |ocal content)
isminly limted to four wheel ed and two wheel ed tractors.

To date there has been no organi zed study on the various
aspects of local farmmachinery manufacturing. No reference is
avai |l abl e on the proportion of farmmachinery that is produced
within the country. Cenerally, however, the proportion of donestic
production is small, as the major part of the country's requirenent
is met through i nportation.

MECHANIZATION-RELATED POLICIES

A general policy exists in the country encouragi ng nechani zati on
cost reduction and adopti on where | abor shortage and tineliness
present a significant obstacle to the efforts of increasing food
production. Such guidelines relate to the overall governnent
obj ectives of agricultural diversification, inmport substitution,
and raising the farmer's incone. The general policy covers
machi nery utilization aspects -- credit facilities for farners
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and encouragi ng joi nt ownership through farnmer's associ ation.
Credit facilities are available for dealers to hel p make farm
machinery readily available to farners.

Far mmachi nery manufacturing is covered by the manufacturing
sector policy which provides a variety of incentives for potential
| ocal and foreign investors to establish manufacturing concerns
in the country. Manufacturing of agricultural nmachinery and
equi pnent is listed as one of the priority industries for which
the i ncentive schene is available (Fed. Industrial Dev. Authority,
1976). These incentive schenes are in the formof tax relief
periods or a tax holiday period, the extent of which depends on
the individual project's fixed capital expenditure, whether the
factory is sited in designated devel opnent areas, the priority of
the product or industry, the nunber of enployed engaged, and
t he percentage of Mal aysi an content.

O her protective neasures or assi stance granted by the governnent
include tariff protection, inport licensing, and exenption from
import duty and surtax on raw materials or conponent parts and
machi nes

Thus, even though there is currently no single conprehensive
mechani zati on policy, general policies exist that would directly or
indirectly cover sone inportant aspects of mechanization. In
the long term it would be desirable to fornul ate a conprehensive
national policy on agricultural nmechani zati on enconpassi ng and
i nking the various aspects such as research and devel opnent,
eval uation and testing, extension to manufacturers and farners,
manuf acturing and di stribution, servicing, credit facilities, and
education. The role and extent of the local farmmachinery
manuf acturi ng sector al so needs to be defi ned.

RESEARCH, DEVELOPMENT, EVALUATION, AND EXTENSION

I n Mal aysi a the functi ons of research, devel opnent, and
eval uation of farmmachi nery and nmechani zation are carried out
by governnental institutions separate fromthose undertaking the
functions of extension to farnmers and manufacturers. There has
been little organi zed " manufacturing extension" in agricultura
machi nery. The nmai n enphasis has been on the extension to
farnmers and on | ocal assenbly of suitable inported machi nes rather
than on total indigenous nmanufacture.

At the Mal aysian Agricul tural Research and Devel opnent
Institute, the programon research, devel opnent, and eval uation
of farmmachinery is conducted as part of its overall agricultura
research and devel opnment program The overall program covers
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research in production and post-production of all crops (except
rubber) and livestock. The agricultural nechanization program

of the Institute is still inits formative stage and to date has
been involved mainly in farmnachi nery eval uation, field experinents
on aspects of mechani zation, and in devel opnent of rice harvesting
and tapioca lifting machinery. The programw ||l be intensified

soon with the conpletion of research facilities currently under
construction.
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STATUS OF AGRICULTURAL MECHANIZATION IN COLOMBIA

ROLF KAESER

MECHANICAL ENGINEER, SENA-ASTIN
ASISTENCIA TECNICA A LA INDUSTRIA
APARTADO AEREO 8053, CALI, COLOMBIA, S.A.

SUMMARY

Farm mechanization progress in Colombia is slow. There
is almost 100% mechanization of the flat valleys owned
by a few rich people while the poorer small farmers on
the hillsides are unable to purchase modern equipment.
The local agricultural machinery industry is only
oriented toward the heavy equipment needed for large-
scale farming.

Only one government-owned research organization has
attempted to develop low cost equipment. It has been
unsuccessful because the implementation phase of
industrial production and promotion does not exist.

Government policies to bolster national production are
not encouraging and procedures to obtain credit or tax
relief are too complicated for the small farmer or the
small manufacturer.

The Technical Assistance Group, ASTIN, which holds an IRRI
subcontract, has constructed various IRRI-designed
machinery adapted to Colombian needs. Early results

are showing up through intensive promotion work and the
employment of a full-time Colombian agricultural
mechanical engineer, supported with IRRI funds.

INTRODUCTION

Col onbi a has about 25 million people with a | abor force of
5.8 million. The agricultural |abor force has about 1.9 nmillion
| aborers. Total cultivated area in Colonbia is about 4 mllion
ha, the rice area 372,450 ha with about 69%irrigated. Average
pay for a farmworker is about US$ 1.80 per day.

Col onbi a' s topography consists of five nmain regions:
1) Atlantic and Pacific coast, 2) hot lowand up to 1,000 m
el evation, 3) cool highland 2,500 m 4) Anmmzoni an plains 550 m
and 5) Cordillera hillsides 500 to 3,000 m
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The mai n crops are sugarcane, cotton, rice, and bananas on
the flat | ow and; grains and potatoes on the flat highland; and
coffee on the hillsides (Tables 1 and 2). Net incone per hectare

for the small farnmer who owns property or rents land i s shown
in Table 3.

In | ow ands, al nbst every hectare suitable for sugarcane is
currently rented to the sugarcane factories. The incone per
hectare is higher fromrenting the Iand than growing crops. Rice
income is low. Edible crops are subject to nuch pilferage at
harvest tine, so the cost for protection has to be deducted from
the i ncone.

CURRENT STATUS OF MECHANIZATION

The three main valleys -- Tolim, Cundinamarca, and Valle --
represent about 50% of the Col onbian agricultural area. They are
al nost 100% nechani zed with 47 ha per tractor at the Valle, 100

at Tolima, and 108 at Cundi namar ca. In the whole agricultural area
there is an estinmated use of 226 ha per tractor (Table 4). Gowth
of the mechani zed area is about 2.4%per year. Gowth of cultivated

land is about 1.7%per year, so the actual growh rate of
mechani zation is only 0. 7%per year (Fig. 1).

About 39% of the Col onbi an popul ation lives in rural areas,

however, where marketing and use of the inplenments made by Col onbi an
industries has been limted to nmedium and |arge-sized farns on fl at

Table 1. Cultivated area and production of principal crops

for 1976.
Annual production

Crop Cultivated area Producti on increase (%

(000 ha) (000) 1970 - 76
Cot t on 285.6 415 2.73
Rice 365. 6 1,541 15. 65
Sugar cane 85.3 983 6. 65
Mai ze 647.5 780 2.11
Pot at o 125.0 1,584 5.30
Yucca 240.0 1, 540 5. 00
Cof f ee 1,095.5 644 4.61
Banana 16.2 621 13. 33

Source: OPSA - Agricultural Mnistry: National Coffee G owers.
a. Coffee Growers Census 1970.
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Tabl e 2. Changes of average productivity in 11 crops (kg/ ha).il

% I ncrease

1950 1955 1960 1965 1970 19750/ 70 T OO0
Cotton (fiber) 230 290 440 440 480 504 119
Ri ce 1, 800 1, 700 1,980 1, 840 2,729 4,333 141
Sesane 750 620 620 690 700 500 33
Banana 9, 350 10, 770 11, 140 11, 250 17, 000 35, 300 277
Sugar cane 33, 700 46, 400 52, 300 58, 600 77, 700 95, 140 183
Bar | ey 1, 150 1,210 1, 880 1, 550 1, 704 1, 611 40
Cor n 750 900 990 990 1, 150 1, 439 99
Pot at 0 6, 200 6, 900 7,500 7, 660 8, 900 10, 000 61
Sor ghun®/ 710 1, 630 2, 140 2, 500 252
Soybean® 1, 460 1, 670 1,783 2, 000 35
Wieat 700 810 890 1, 000 1, 180 1, 292 84

Source: Atkinson (for 1950- 60); DANE (Departnmento Adm nistrativo Naci onal de Estadistica) (for
1960- 70); and " Agricul tural Prograns," OPSA.

é/All these crops consune two or nore agricultural elements in large quantities.

b/ The biggest yield in agricultural history occured in 1974. In 1975 there was | ow production
in some products, probably because of the reduced consunption through high prices.

gSoybean and sorghumproduction started in 1959. Percent increase is for 1960- 75.



Table 3. Net inconme fromvarious crops.

I nconme/ ha har vest ed

Crop Omned | and, Rented | and,
uss Uss

Cot t on 516 180
Ri ce 123 70
Sugar cane 1, 888 834
Beans 381 298
Mai ze 195 112
Banana 931

Sor ghum 123 40
Soybeans 187 104

Table 4. Tractors and total horsepower avail abl e.

Year Tractors i rrportedgl Total units HP
1950 1,590 6, 350 254,000
1960 2,428 16, 953 755, 000
1970 3,094 22,507 1, 240, 000
1974 2,381 22,718 1, 363, 000
al

= The main suppliers are England, The United States and
Ger many.

or gently sloping land. The rural population lives for the nost part
on the hillsides. The hot and cool flat valleys are owned by a few
ri ch peopl e.

LOCAL MANUFACTURE OF EQUIPMENTQ/

In Col onbi a the process of agricultural nmechanizati on began

during the first fewyears after World War |I, when nmachi nery was
imported on a large scale. Oten this machinery was found unsuitable
for Col onmbian conditions. |In sonme cases it also created serious social

probl ems, for exanple, cotton picking machi nes each di spl aced about
600 nman- days.

al partly taken fromTechnol ogy and Enpl oynent in Industry,

| LOSt udy.
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UsS$ (million)
16

F

| Local produchon

smmaE® wew
Total offer
index 1958

-
*

L1 | I I N Y |
1950 52 54 5% 58 60 62 64 66 68 70 ESTIMATED 75

1. Estimated amount of gross investment in agricultural machinery and implements,
1950-75.

The present Col onbi an agricul tural equi pnent and i npl enent
industry is conposed of various private enterprises. The
i ndustry produces tractor—drawn i npl enents such as cultivators,
pl ows, rakes, weed cutters, trailers, seeders, and spreaders.
About 30% of this equipnment is being built by three factories,
nostly copied frominported machi nery and sel domunder |icensed
condi tions.

POLICIES RELATING TO MECHANIZATION

The Col onbi an devel opnent pl an does not favor heavy
mechani zat i on. It recormends first better use of soils, seeds,
and fertilizers. It al so recommends that nodern technol ogy be
introduced step by step. The Agricultural Bank offers special
credit lines. But the small-scale farner is afraid of the whole
process of obtaining credit, so only the big farnmers take advantage
of the governnment offers. Special inport and export exchange
rates have been established for agricultural products and equi prment,
but here too the small farmer is only buying and selling locally.
Price control through governnent authorities is weak and has
littleeffect.

Andenpact agreement
The Andenpact Agreenent was devi sed to bol ster national

production. Al countries on the Pacific side of South Anerica
agreed on a distribution of the manufacturing and exportation
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rights. Col onbia has the foll ow ng assignments: conbines, threshers,
cultivators, seeders, and sprayers.

There is sone tax relief for national production (up to 5
years on new products), but even here the procedures are too
difficult for the small-scal e manufacturers to take advantage of
the tax relief.

Wage levels

The official wage m nimumfor netal workers is US$ 1.70,
but because of the high unenpl oynent rate nany | aborers accept
wor k €or | ower pay under bad working conditions.

RESEARCH, DEVELOPMENT, EVALUATION, AND EXTENSION

The only Col onbian institution that tried to devel op sinple,

|l ow-cost agricultural inplenents for mni-farms is ICA-- the
Institute of Agriculture and Animal Husbandry. Oher institutions
and the universities carry out research, but the results |anguish
inthe archives.

Since 1969 attenpts have been nmade to design a small two-wheel
tractor, agricultural grader, and ani nal-drawn plows. The prototype
with a 10 hp engi ne has shown good results, but because of the |ack
of communi cati on bet ween manufacturers of agricultural equi pnment
and institutions devoted to research, only sone ani nal -drawn
i mpl enrents have been produced commercially. The nain reasons for
this failure are not |ack of satisfactory designs, but |ack of
publicity of the |ICA devel opnent work, and |ack of a pronotional
canpai gn anong farners and manuf acturers.

ASTIN-IRRI subcontract

In md 1976 the Technical Assistance Programfor a small -
scal e netalwork industry at Cali was started. |t was |ooking for
| ow i nvestment products to be produced |ocally.

A subcontract agreenent with IRRI was signed in February 1977,
and the prototype production was started inmediately. The first
client had great interest in the batch dryer, but he needed a
heat exchanger because he is in the coffee drying business.

Col ombi a i s a coffee-produci ng country and has, therefore, a good
mar ket for dryers. The IRRI arrangenent was changed and the new
version is working well.
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The first units of the power tiller and axial flow thresher,
al so the portable type, have been produced and our pronotion work
has included the Spanish version of the information sheets and
participation in agricul tural exhibitions.

Raw mat erial used for agricultural machi nery production is
nostly national in origin, except for engi nes and beari ngs.

FUTURE DIRECTIONS

Though there are no new governnent prograns, the National
Apprenticeship Organi zati on has shown an interest in the IRRl
program It wants to introduce this |ow cost agricultural
equi pnent in the various agricultural training centers to pronote
the | RRI designs anpong students and | ocal farners.
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STATUS OF AGRICULTURAL MECHANIZATION IN SRI LANKA

S. KATHIRKAMATHAMBY

SUPERINTENDING ENGINEER (R&D)
DEPARTMENT OF AGRICULTURE
PERADENIYA, SRl LANKA

Scarcity of foreign exchange as well as of minerals and
other resources is an important constraint to industrial
development in Sri Lanka. The country's economy is
predominantly agriculture. Paddy is the main crop,
grown mostly on holdings of less than | ha. Little
effort had been made in the past to help farmers
develop an appropriate level of mechanization. The
Engineering Research and Development Division of the
Department of Agriculture, Sri Lanka, has work under
way with equipment that could be manufactured at the
rural level with local materials.

INTRODUCTION
General
Sri Lanka is predom nantly an agricultural country. |Its
econony rests mainly on the earnings received fromthree nmajor
crops -- tea, rubber, and coconut. Sal e of various spices such

as cinnanon and cloves add to forei gn exchange earnings. Half
the |l abor force of the country is involved in agricultural
production activities. About 85%of the agricultural output is
crop production. The bal ance conmes fromlivestock, forestry,
and fisheries.

Crop production has two categories -- export-oriented

crops and crops for domestic consunption like rice, grain,
| egunes, and veget abl es.

Climate

The two seasons in Sri Lanka are known as neha and yal a.
Maha begins in Novenber with the northeast nbnsoon and ends
in March; yala starts in May with the soutwest nonsoon and ends
i n Sept enber .

Cimatically Sri Lanka falls into dry, internediate, and
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wet zones. The dry zone conposes about 40% of the total area
and is mainly in the northern and eastern part of the island.
The wet zone nakes up about 20% of the total area and occupies
the sout hwest quarter of the island. The wet zone received
rainfall during both nonsoons, while the dry zone is dry during
t he sout hwest nonsoon.

The dry zone is the main agriculturally devel oped area.
In the past, hundreds of tanks were used for irrigation; sone
are still in use. Mst of the old tanks were abandoned, but
action is being taken to restore nost of them

Rice production

Wth the rehabilitation of ancient tanks and inplenentation
of various irrigation projects, Sri Lanka has shown a narked
increase in rice production. In 1969-70 rice producti on was
602,000 t, while in 1974-75 production had increased to 1.2
milliont.

Hi gh yielding varieties of rice have hel ped significantly
in achieving this increase. Total area under rice production is
estimated at 570,000 ha, and the yearly total area under paddy
production (maha and yala) is 910,000 ha per year.

Ri ce inmportation has been reduced. Wth an increase in
popul ation (growth rate 2.4%, however, total food needs are net
by inporting wheat and by grow ng nore subsidiary crops.

Subsidiary food crops

Wth a total ban on inportation of subsidiary food crops,
farmers have taken a keen interest in growing them as they have
a ready narket. Moreover, the governnent has nade crop | oans
avai | abl e t hrough banks for this purpose.

CURRENT STATUS OF MECHANIZATION

Wth the rapid increase in population and | ack of foreign

exchange for inportation of cereals, the governnent's main aim
is to achieve self sufficiency in food. To achieve this objective,

agricul tural nmechanization has been given priority. The follow ng
section gives a brief description of agricultural nmachi nery

devel oped and in use.
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Development of agricultural machinery and equipment

Hand operated tillage equipnent. Primary tillage, secondary
tillage, and seedbed preparation are performed with an inpl enent
called a manoty (hoe). Three shapes are avail abl e — square,
rectangular, and triangular. The Sri Lanka State Tradi ng Corporation
manuf act ures nost of the manmoties. Sonme are manuf actured by
| ocal nechani cs.

Ani mal —drawn equi pnent. The country plowis still the nopst
popul ar primary tillage tool for wet paddy farners. To a certain
extent the nodel C type nol dboard plowis also used with buffal os.
A nol dboard plow is used for upland crops too. For secondary
tillage the Burnese harroww th four or six spikes along with a
| evel i ng board is being used.

Power tillers 5-7 hp. The Sri Lanka State Tradi ng Tractor
Corporation is the only organi zation inporting tractors into the
country. It is estimated that 8,000 power tillers had been inported
up to 1976. Mbst of these are of Japanese origin.

Four —wheel tractor and equi pnent. All four-wheel tractor-—
drawn inplenents are inported. Only the nine—point tine cultivator
and the trailer are manufactured | ocally.

Hand operated seeders (low and). For sowi ng | oW and t he
John Pull e seeder is being used. This seeder is in production
and bei ng sol d t hrough governnment sources. The I RRI nulti—-hopper
seeder is al so bei ng manuf actured and i ntroduced to the farner.

Hand oper ated seeders (upland). Single-rowand two—row seeders
of the pull and push types were devel oped and are bei ng produced
locally. These seeders can handle a wi de range of seeds from
mustard to ground nut. A two—wheel tractor—-drawn upl and seeder
(three-row) is also being produced locally. Trials are being
conduct ed on ani mal —drawn, nul ti —r ow seeders.

I nter—cul tivation and weedi ng equi prent. Hand oper at ed
cultivators are available for upland crops, as are single row types
consisting of three to seven interchangeable tines with duckf oot
sweeps held in a socket by a screw. These are bei ng manufactured
by | ocal bl acksniths.
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The push- pul | hoe, consisting of a thin blade held by an
oscillating frane used with a rocking nmotion, has proved to be
an efficient weeder for upland crops

For wetl| and paddy, the Japanese rotary hand weeders are quite
suitable. These are bei ng manufactured at | nplenments Project
Factory in Welisara.

Irrigation equi pnent. Engi ne- operatedwater punps are produced
locally by several manufacturers.

Crop protection equi pment. Hand operated sprayers and dusters
are bei ng manufactured and are freely available locally.

Harvesting equi prent. Harvesting is still in the traditiona
stage and is done by hand. The sickle is the npst popular single
harvest inplenment and is made | ocally.

Threshi ng equi pnent. Threshing in Sri Lanka is done either
by use of animals or by driving a tractor over paddy stal ks that
are spread on the threshing floor. |In some snmall hol ding threshing
is done by manual trading. All these nethods can result in conplete
sheddi ng of grain. Threshingwith animals or a tractor can result
in checking and dehusking, both undesirable. There is no contro
on grain danage or stones and animal dung that get mixed with the
grain. To overcone these probl ens, power threshers are being
i ntroduced

The Japanese pedal - operatedthreshing machine is a sinple
| abor - savi ngdevice but its capacity is lowand it is difficult
to mai ntain a constant drum speed

I mported nmechani cal power threshers were tested and nost were
found unsuitable to | ocal conditions, especially in threshing
| ong- st emand wet paddy. Sonme of these machines are being nodified.

The IRRI axial flowthresher, manufactured locally at the
I mpl enents Project Factory in Welisara, was tested at our facility
and at various |locations of the country. The results indicated
that performance is satisfactory and the machine is suitable for
use in Sri Lanka. More of these machi nes are being produced for
ext ensi on wor k.

The IRRI mini thresher, manufactured and tested at Wlisara

and other parts of the country, was also found suitable. Farners
seemto |like this machine since nobst have snall hol dings and the
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cost appears to be within their reach. Local manufacturers have
shown a keen interest in this machine and are already manufacturing
it.

LOCAL MANUFACTURE OF EQUIPMENT

Great inportance is attached to the devel opment of agricultural
machi nery and farmequi pnent in Sri Lanka. Consi derabl e progress
has been made in recent years in the production of agricultural
equi pnent by various light engineering enterprises and by the
Depart ment of Agricul ture.

Hand tools

There is a big demand for the inported manoty due to
i ncreased wear resistance conpared with the locally manufactured
nodel s. However, the present production of this itemhas proved
to be satisfactory.

Animal-drawn plow
Ani mal -drawn plows are also in great demand by farners.
Pl ows are manufactured at the village level. At the nonent the

departnent is trying to introduce the single animal -drawn pl ow
due to scarcity of draft ani mal power.

Pest control equipment

A wi de range of hand- and power-operated sprayers are being
manufactured locally. The engines for power-operated sprayers
are, however, still being inported.
Irrigation pumps

Since there is a big demand for water punps, especially in
the dry zone, there are various establishments in Sri Lanka that
are producing them The main probl emthese manufacturers face
is the inportation of suitable engines.

Threshers

A manuf acturer had turned out about 500 threshers to work
on Landnmaster two-wheel tractors. But farmers appear to be
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discontent with the quality. The manufacturer has since abandoned
this project. However, the Departnent of Agriculture with the

hel p of IRRI has turned out the axial flow thresher and m ni
thresher. Tests have shown that these two nodels are quite
suitable and coul d be manufactured with locally avail abl e
materials. Some of the |local manufacturers have started

producti on.

Two-wheel tractors

Most of the |ocal manufacturers of two-wheel tractors have
abandoned this project since they cannot conpete with the inproved
and nore versatile Japanese tractors. Negotiations are taking
place to set up an assenbly line in Sri Lanka to produce Japanese
tractors using inported conponents.

POLICIES RELATING TO MECHANIZATION

In nost Western countries, advances in farmnmechani zation
have been nade where a strong demand for |abor in other industries
has drawn workers fromthe | and. I n Sout heast Asia, the reasons
for advances in farmnechani zati on seemto be different. The
desire to be self sufficient in food production seens predoni nant.

As far as Sri Lanka is concerned, increasing food production is
one of the nbst urgent needs. To achieve this end, two efforts are
being nade. The first is to increase production on existing |and,
and the second is to bring nore | and under production. There are
three areas in which investnents have been made with this objective
inmnd. They are fertilizers, agrochenmicals and applicators, and
tractors and allied agricul tural nmachinery.

Farmers in Sri Lanka are aware of the value of using
fertilizers and agrochemicals to increase yields. Both the private
and public sector have adequately net the demand. Wth agricultural
machi nery, there is an unsatisfied demand in the principal rice-
growi ng areas, particularly where there is a shortage of |abor
during peak periods of the cultivation season. There is also a
scarcity of draft animals.

To neet these needs and yet keep pace with increased production
goal s both in the devel oped areas and areas that have yet to be
recl ai med, nmechani zation seens to be the only answer. It, therefore,
follows that greater attention nust be paid to agricultural
nmechani zation than in the past.
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Establishment of machinery designs testing unit

A research nenorandumprepared in 1964 and approved by the
Cabi net reconmended t he establishenment of a nachinery testing
and design unit. Such a unit was established in March 1968 at
Maha- I | | uppal | ama. From 1944 on, a |arge nunber of different
types and nodel s of tractors, inplenents, and other agricultura
machi nery had been inported into the country with no know edge
of their suitability for local agricultural conditions. In
addi ti on best use was not being made of the foreign exchange
paynents on the inport of such equi pment.

It was, therefore, decided that the Agricultural Machinery
Designs and Testing Unit be reestablished and given the sole
responsibility to test and report on the suitability of inported
and local agricultural machinery. Further it has al so designed
and devel oped new and i nproved machinery to suit local agricultura
condi tions.

Establishment of engineering research and development division

In 1974, the Inplenents Project, Wlisara, and the Machinery
Desi gns and Testing Unit were brought under one division called
t he Engi neeri ng Research and Devel opnent Division. The nain
function of the Division are 1) machinery desi gn and devel opnent,
2) machinery testing and evaluation, 3) field trials and
experinments, 4) machinery extension evaluation, and 5) nachinery
producti on

Establishment of farm mechanization committee

A Farm Mechani zation Conmittee was fornmed in 1975 with the
director of agriculture as the chairman. It is conposed of
officials fromother departnents and institutions who are directly
involved in farmmechani zation. This conmttee neets twice yearly
and di scusses nechani zati on probl ens and al so recomends the type
of machinery to be locally manufactured

RESEARCH DEVELOPMENT, EVALUATION, AND EXTENSION

The Engi neering Research and Devel opnent Division of the
Department of Agriculture is the only organization in the field
of investigation, devel opnent, eval uation, and extension of
agricultural machinery. 1t also has the responsibility to test
and eval uate all inported agricultural machinery. This division
al so has an agricultural inplenents factory to manufacture prototypes
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of machi nes desi gned and devel oped for the extension program

Agricultural production in Sri Lanka is nowinvolved in
three maj or devel opnents. The first is the Mahaveli - Ganga
Devel opnent Project which is a mpjor irrigation schene designed
to provide irrigation to 360,000 ha for double cropping of
wetland rice. The second is land for diversified cropping nade
avai |l abl e under the present land reformact in Sri Lanka. The
third is use of agricultural land, previously under utilized,
to establish intensified small farnms under the auspices of the
proposed 480 Agricul tural Productive Commttees.

Due to varying ecol ogical conditions and different agricultural
climatic zones, cultural practices in crop production differ
considerably. It has been found inpossible to fit machines
produced outside the country to these requirenents, |In fact the
nmost difficult problemis the variation found in the sane catchnent
area. Agricultural equipnment, designed for one set of conditions
may not work as efficiently in other areas within the sanme catchnent.
Therefore, it has becone necessary to devel op a machine to fit
varying conditions of soils and crops and of a size to neet a
range of cropping patterns. Intensive work in farmnachi nery
research and extension has to be carried out and the country
provided with the type of equipnent that will neet the exact demand
of each farm ng pattern.

Avai | abl e ani mal power cannot be harnessed to fulfill even
a fraction of the demand i nposed by the farm ng schenes that are
bei ng devel oped. This situation is further agrravated by the fact
that 500, 000 educat ed, unenpl oyed or underenpl oyed yout hs nust

find employment in farmng. It is nobst unlikely that these
educated youths will be attracted to a system of nonnechani zed
farm ng.

FUTURE DIRECTIONS

The Farm Mechani zati on Conm ttee has identified seeding and
threshi ng of paddy as the major problens envisaged by the average
cul tivator.

Hence it was decided to give special attention to the
devel opnent of equi pnent for these purposes. Aid has been sought
fromforeign agencies for qualified personnel to work with our
| ocal engineers to help design and eval uate suitabl e nachi nes.
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STATUS OF AGRICULTURAL MECHANIZATION IN TAIWAN

TIEN-SONG PENG

SENIOR SPECIALIST, PLANT INDUSTRY DIVISION
JOINT COMMISSION ON RURAL RECONSTRUCTION
37, NANHAI ROAD, TAIPEI, TAIWAN, R.O.C.

SUMMARY

Between 1970 and 1974, a 4—year program was carried out
to expedite farm mechanization in Taiwan. One of its
important aims was to improve the quality of locally
manufactured farm machines and to lower their cost.
Meanwhile, it provided more long—term, low—interest
loans in addition to subsidies.

In 1975, another 4—year program was mapped out by the
government to speed up the extension of grain dryers

and thereby reduce losses of fresh—harvested rice

during the rainy season. Under the program, about 18,000
small- and medium-sized dryers and 45 drying plants are
to be extended.

Power tillers, which still take the leading role in
Taiwan's farm mechanization program, total led 55,748
units in 1976; for every 15.6 farm households or every
16.5 ha of cultivated land, there was a power tiller.
The annual increase in the number of power tillers
was about 7,000 units during the past 2 years.

Besides power tillers, some farmers have recently
adopted tractors.

At present, the demand for other machines such as rice
transplanters and combines is on the increase but is
still rather limited. This could be attributed mainly
to the small farm size. Therefore, positive measures
should be taken to expand the size of private farms,
improve farmers' organizations, and encourage joint and
cooperative farming to fulfill the farm mechanization
objective.

INTRODUCTION

In the past 20 years, considerable efforts have been nmade
to pronote nechani zed farming in Taiwan. |In the first 10 years,
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the pace was slow. |In 1965 or so, after three successive 4-year
econom ¢ devel opment pl ans were conpl eted, Taiwan's agriculture

began a new phase whi ch marked an end of slack labor in the face
of rapid industrialization. This change has hastened the tenpo

of farm mechani zati on.

Land and soil

O the total 919,680 ha of cultivated | ands, 528,205 ha are
paddy fields. The rice crop is usually grown on the alluvial
soils either on the plains or along the river valleys. Paddy
soils of slate and sandstone origin are rich in plant nutrients,
while those of saline alluviumare generally inferior in soil
fertility.

Water resources

It is estimated that a total of 8.8 billion cu mof rain
water falls on Taiwan annual | y. O this amount, about 21% has
been harnessed for irrigation and generating power. Well-devel oped
reservoirs and canal systens are now under the administration of
16 irrigation associations, nostly in the southern part of the
island. Al npbst all the cropped acreage of rice - 786,343 ha -
isirrigated.

Small farms

The | and hol di ng per household in Tai wan averages about only
1 ha. Awdespread feature of |land holdings is that a farmdoes
not necessarily consist of a single plot, but has a nunber of
pl ots averagi ng about 0.1 - 0.2 ha.

Multiple cropping systems

I'n Taiwan, nmany crops are raised in rotationwth rice.
In the rice growi ng areas, wheat, tobacco, soybeans, flax, sweet
pot at oes, peanuts, corn, sorghum and jute are al so grown.
Therefore, farnmers need nul ti purpose machi nes to work not only
in paddy fields but also in operations for raising other crops.
However, due to the increasing farmlabor cost, the intensity of
mul ti pl e cropping has decreased in recent years - froman index of
179 in 1957 to 185 in 1965 and 175 in 1976.
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CURRENT STATUS OF MECHANIZATION

Mechanized land preparation

Before the end of 1976, 55,748 power tillers were used.
On the basis of 919,000 ha cultivated |and and 870,000 farm
househol ds, there was approxi mately a power tiller for every
15. 6 farmhousehol ds and every 16.5 ha of land. Wth the
nunber of power tillers increasing, draft cattle have decreased
since 1966 at about 20,000 head annual |l y.

Wi le power tillers renmain the backbone of nechanized farm ng,
smal | four-wheel Japanese-made tractors of 25 hp or so are al so
used by local farners, and larger tractors of 70 hp have been
i ntroduced i nto Tai wan.

The input power of tractor and power tiller per hectare in
Tai wan has increased rapidly in the past years. At present, an
estimated 0.67 hp/ha is available. It is estimated that nore
than one-half of all tillage operations are nmechani zed.

Mechanical transplanting

In 1966, the governnent inported two Japanese rice
transplanters - a notor-driven and a hand-pushed unit - for
field tests. Prelimnary results fromthe experinents conducted
in 1967 were encouragi ng, as the transplanter can save two-thirds
of the labor required for the seedling nursery, and it is four
times faster than hand transplanting. To the present, about
8,000 transpl anters have been adopted by rice farners.

Water pumping

The wat er punp was introduced fromJapan about 50 years ago.
At present, small centrifugal punps driven by 3-5 hp kerosene
or di esel engines usually can be enployed, as they can be easily
nmoved fromone place to another. Today, all of the punps for
individual farmirrigation are |ocally manufact ured.

Pest control

Sone 20 years ago, nobst sprayers and dusters were inported
fromJapan. |In fact, chem cal spraying for control of rice
insects and di seases was not widely practiced until Parathion
and Endrin cane into use for controlling rice borers in 1955.
Since then nore than a dozen private factories have been established
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to manuf acture both sprayers and dusters, including some power
sprayers.

Since 1967, the governnent and farners associations have
practiced aerial spraying of pesticides on paddy fields and
banana pl ant ati ons. Sprayi ng has been carried out by nounting
sprayers and dusters on helicopters. Pest control in Taiwan has
been conpl et el y nmechani zed.

Mechanical harvesting

About 128,000 manual rice threshers are still being used in
rural Taiwan. The figure is less than that of a fewyears ago,
indicating that nore farners have adopted the highly efficient
power -driven threshers. | nproved power threshers equi pped with
cl eani ng devi ces have been devel oped and extended to local rice
farmers, too. Meantine, about 1,000 power-driven reapers and
2,000 snmall rice conbi nes have been i ntroduced.

Mechanical drying

A drying bin with a notor blower and a burner for nechani cal
drying of rice was devel oped for extension by the Provincial
Department of Agriculture & Forestry (PDAF) experinent stations
in 1966. The bin-type dryer is portable, weighing about 270 kg.
Under average conditions at harvest tine, the grain dryer can
reduce the noisture content of the grain from23 to 13% and turn
out about 1,500 kg of dry rice every 12 hours. The fuel for the
dryer burner is kerosene or light diesel, while its 1/2-hp bl ower
uses an electric motor. Circul ation-type batch dryers have al so
been wi dely adopted during the past 2 years.

LOCAL MANUFACTURE OF EQUIPMENT
Power tiller

In 1956, the Joint Conmi ssion on Rural Reconstruction (JCRR)
imported 13 snmall Merry Tillers for testing and denonstrati on
at various agricultural stations. During the denonstrations,
local farners showed an interest in the machines. The denand
became so strong later that |ocal nachine factories began to
produce the machi ne by copying the inported nodels. Up to 1958,
a total of 22 small factories had begun produci ng power tillers.
However, small factories, whose products were of doubtful quality
and sone of whombuilt only a fewunits, soon found thensel ves
infinancial straits.
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Table 1. Nunber of major agricultural nmachines in Taiwan.

1965 1970 1972 1974 1976
Power tiller 12, 213 28, 292 35, 222 42,123 55, 748
Tractor 425 539 620 892 1,718
Ri ce transpl anter - 280 658 1,914 6, 108
Power sprayer 4,489 17, 820 25, 309 45, 399 37, 489
VWat er punp 32,107 52,794 65, 755 119,905 123, 645
Ri ce t hresher 205, 784 186, 398 196, 637 135,158 128, 232
Grain dryer 150 198 361 1, 008 9, 269
Ri ce conbi ne - 20 154 1,127 2,811

In 1961, two groups of Taiwan industrialists, in cooperation
wi th Japanese agricul tural machi nery conpanies, set up two
factories to produce power tillers with sonme parts inported.
Fromthat time on, the inport of power tillers, except spare
parts, stopped. Up to the present, about 55,000 power tillers
have been adopted by |ocal farnmers (Table 1).

Transplanter and seeder

Anong the 8,000 units of rice transplanters in use, half
are locally produced. Currently, five farmmachi nery manufacturers
are produci ng the machine. Mst manufacture two-rownmachines,
whi | e one conpany nakes four-row ones. The machines, with the
exception of the small gasoline engines, are entirely manufactured
locally. Besides transplanting, about 15,000 ha of paddy fields
were directly seeded with sone 3,200 |ocally devel oped seeders in
1976. They are nanually pulled and sinple in construction. A
si x-row seeder costs only US$34.

Several kinds of planters for dryland crops have been
i mported or locally devel oped for denpnstration purposes. Anpbng
themis a | ocal -made peanut planter that is equipped with a
bel t-type seed netering device and has shown prom sing results
infieldtests.

Water pump

After World War 11, local manufacturers turned out about
2,000 punps annually to neet |ocal requirenents. At present, an
estimated 123,000 units, including deep-well punps, are owned by
farmers for irrigation purposes (Table 1). Nownore than a dozen
| ocal manufacturers are produci ng water punps for |ocal use and
export .
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Sprayer

In 1976, about 215,000 sprayers, 15,000 hand dusters, and
sone 37,000 power-driven sprayers and dusters were owned by | ocal
farmers (Table 1). Al the hand sprayers and dusters were locally
made. Some power-driven units have been inported.

Harvesting machine

In 1970, a nunber of small Japanese-nade rice conbi nes
consi sting of a reaper and an ordi nary automatic power thresher
were introduced for testing. So far sonme 2,000 small conbi nes
have been inported and there are three | ocal manufacturers ready
for production of two- or three-rownachines. There are, however,
still sone shortcom ngs with these machi nes.

Grain dryer

Up to the present about 7,700 flatbed-type dryers have been
extended to local farmers for adoption. Meanwhile, sone 1,600
units of circulation-type dryers of locally nade ones were al so
adopted by farners as shown in Table 1. About a dozen | ocal
farmmachi ne shops are produci ng these dryers. Several farners'
associ ati on and sone concerned agenci es have al so constructed
bi gger dryers for commercial purposes.

POLICIES RELATING TO MECHANIZATION

Improvement of the environment for farm mechanization

Land consolidation. Under the governnent programof |and
consolidation in recent years, about 300,000 ha of small paddy
fields have been consol i dat ed.

Joint organi zation for nechani zed farm ng. As the nunber
of part-tinme farnmers has increased, governnent agenci es have
encouraged farnmers to organi ze thensel ves for joint operations
to facilitate efficient use of nbdem techni ques and nachinery.

Devel opnent of contract work. Since 1970, the Provincial
Food Bureau (PFB) has been Subsi di zi ng township farners'
associ ati ons for the organi zation of mechani zed farm ng service
teans. The teans do contract work for farners in the respective

176 International Agricultural Machinery Workshop



townshi ps with the use of power tillers. Up to the present,
310 such teans have been organi zed

Setting up nursery centers. A supply of healthy seedlings
is essential to the extension of nechanized rice transplanting.
The governnent is now subsidi zing those who set up cooperative
nursery centers able to supply enough seedlings for about 100 ha.
So far, 230 centers have been devel oped

Providing farm machinery purchase loans and subsidies

The PFB, the Bank of Taiwan, the Provincial Cooperative
Bank, and the Farners Bank of China have all established
agricul tural machi nery purchasing | oan progranms over the past
decade. All | oan agencies have | owered interest rates on
machi nery | oans over the years. The present interest rate is
8. 5%per year.

On the other hand, a subsidy of NT$5,000 (US$131) was
granted each farner who bought a power tiller during the period
of 1970-71. Under the Program for Accelerating Rural and
Agricul tural Devel opnment announced by the governnent in Septenber
1972, a farnmer or farners' organization is to be subsidized at
10-20% f or purchase of such itens as tractors, conbines, rice
transpl anters, power sprayers, and dryers. And at present,
machines eligible for this kind of subsidy nust be |ocally nade

Training of farmers and technicians

In the first 5 years of power tiller extension, or 15 years
ago, 940 governnent officials and extension workers attended
classes lasting from1l week to 1 nonth, depending on the nature
of the training. As a neasure to extend new nachi nes, thousands
of agricultural workers and farners were trained during 1971-76

RESEARCH, DEVELOPMENT, EVALUATION, AND EXTENSION

Strengthening research

To expedite the extension of nechanized farm ng in Tai wan
research and devel opment of farmnachi nery has been actively
pronoted. Enphasis is on nodification and inprovenent of
exi sting machi nes and the design of newones to suit farmng
conditions in Taiwan. This has been the approach since 1957.
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Evaluation of farm machinery

To ensure that farmnachi nes purchased by individual
farmers are of good quality, the government thoroughly inspects
and tests inthe field before it is put on the market. Al new
nodel s are tested in a 20-ha field to check performance and
durability. Only farmers who buy machi nes that have satisfactorily
passed these inspections may apply for lowinterest |oans and
subsi di es.

Rural repair service

In 1966, as a newattenpt to expedite the agricultural
mechani zati on programin Taiwan, a network of Agricultural
Mechani zati on Pronotion Centers (AMPC) was established at
princi pal townshi ps by the government and farners' associations
concerned. One of their main functions is to maintain and repair
farmmachi nes owned by individual farners. So far, 43 AMPCs
have been establ i shed.

FUTURE DIRECTIONS

The programfor pronotion of nmechanized farmng, initiated
by JCRRin 1954 to increase |and productivity and save farml abor,
has been progressing steadily. Plans have been made to accel erate
extension of various kinds of farmmachines to offset the Iabor
shortage that is being increasingly felt in areas close to
i ndustrial towns.

However, a nunber of new probl ens such as wage i ncreases,
decline of farmland price, and a decrease in the cropping index,
together with such old problens as snmall farmsize and | ow
pur chasi ng power of the farners, have greatly hindered farm
mechani zation as well as agricultural nodernization in Taiwan.

To cope with these problens and to raise farmincome, farm

mechani zati on has been given first priority anong the various

devel opnent neasured progranmmed under the nation's new agricul tural
policy. Measures to be taken are:

1. Consolidate an additional 100,000 ha of paddy fields to
facilitate farmnechani zati on.

2. Provide sufficient |loans and subsidies for farners to
purchase additional farmmachines.

3. Set up an Agricultural Mechanizati on Research and
Devel opnent Center to strengthen research work.

178 International Agricultural Machinery Workshop



Intensify farnmers' training through strengthening of
Agricul tural Vocational Training Centers.

Promote the growmh of the local farmmachinery industry
by, helping it produce nore and better machi nes and
provi de good after-sal e service.
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STATUS OF AGRICULTURAL MECHANIZATION IN EGYPT

AHMED BAHGAT

CONSULTANT, AGRICULTURAL MECHANIZATION
FORD FOUNDATION
P. O. BOX 2344,CAIRO. EGYPT

SUMMARY

Egypt has an intensive and productive agriculture that is
endowed with a favorable climate, fertile soils, and
adequate irrigation water. Modern mechanization has

been largely ignored for such social-political reasons

as small holdings, surplus labor, land reform, and
inefficient government-supported mechanization services.
Since 1973 there has been an awakening to improve

farming operations through various levels of mechanization
but to date no definite policy has been established.

INTRODUCTION

Agriculture in Egypt is al nost exclusively confined to the
narrowirrigated Nile River Valley and the simlarly fan-shaped
irrigated delta. This small area (2.33 million ha) supports
an agricultural econony that enploys nearly 60% of the popul ation
and provides 88% of the foreign exchange earnings for a nation
of 38 m|lion people.

Cropping intensity is high (1.92) and yields, because of
fertile soils, adequate irrigationwater, and noderate clinmate,
are equal ly high. The principal crops are cotton (700,000 ha),
wheat (562,000 ha), rice (473,000 ha), nmize (636, 000 ha),
sor ghum (206, 000 ha), fruits and vegetables (215,000 ha), and
berseemcl over (1,155,000 ha). The clover is forage for sone
9 mllion head of |ivestock. Nearly 95%of the farmhol di ngs
are less than 2 ha. There are nearly 3 mllion farmers plus
another 1 million |andless farm | aborers.

Scientific and institutional support in agriculture is high.
El even faculties of agriculture provide 4,500 agricul tural
graduat es each year. There are also 11 poorly equi pped and
supported maj or experinment stations staffed with over 3,000
graduat e scientists. Over 4,000 governnment cooperative outlets
supply inputs, procure farmproduction, and attenpt to supply
agricultural services. There is an extensive rural credit bank
that makes low interest, short- and nedi umterml oans. It has had
a consistently bad repaynent record.
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The irrigation systemannually supplies 19,000 m of water
for each hectare throughout the year. Largely as a result of
poor irrigation, over 526,000 ha are either tile drained or will
have to be by 1980, and nore than 1,260,000 ha are served with
open drains that either return to the Nile or are punped to the
sea.

The agricultural sector has essentially financed the
devel opnent of an industrial sector in Egypt. Farmgate prices
rice, cotton, wheat, and maize were all well under world market
prices. The governnment procures 66%of all paddy production at
$63/t. The urban consuner can purchase mlled rice at $84/t
retail. On the other hand the governnent supplies to the
agricultural sector free irrigation water, charges |ow or no
| and taxes, and heavily subsidizes fertilizers and insecticides.
Average 1974 agricul tural sector annual wage was $91; annual
i ndustrial wage was $416. The usual daily wage in rural areas
woul d average $ .70 to $1.00.

CURRENT STATUS OF MECHANIZATION

Egypt has a 5000- yearhistory of agricultural cultivation.
Yet many of the tools devel oped in those ancient tines still
predom nate. The ox- drawnwooden plow, the sickle, the flail,
and t hreshi ng under ani mal hooves can be found on nearly every
farm Modern farmnechani zati on has essentially by- passed
Egyptian agriculture. Sone of the reasons are:

1. Egypt has had a history of surplus labor in the form
of slaves, serfs, and tenant farners. This has resulte
in a labor intensive agriculture that was not conducive
to noderni zation but rather sought full enploynent of
the i gnorant and the poor.

for

d

2. Land hol di ngs have remai ned small and laws and tradition

have prevented the accunul ati on of |arge hol di ngs that
woul d support nodern nechani zati on.

3. The agricultural sector has concentrated nost on the
| abor - i ntensi vecrops of cotton, rice, fruits, and
vegetables. Until recently these crops have not had a
conpetitive mechani zed technol ogy.

4., There is a cultural barrier-theeducated and weal t hy

do no manual | abor nor operate farmmachinery. Hence,
those who do the manual operations in agriculture have
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neither the education nor finances to reduce their
| abor burden.

5. In recent years, the governnment's experinent in
soci al i smstressed i ndustrial expansion, cooperative
farmng, land reform and a central planned agriculture
directed toward the smallest farmers and the | andl ess
| aborer. This discouraged those who had capital to
invest in farmnmachinery, and the fewtractors that
were inmported were earnarked for cooperatives.

Thus, the environment, population, and political situation
have conbined to restrict the degree of agricultural nechanization.
There are only 25,000 tractors in Egypt, of which an estimated
18,000 are operational. O those rated operational, perhaps
1, 000-2,000 are used in the industrial and service sector. Over
4,000 are owned by the public sector and assigned to the
cooper ati ves where managenent, |abor, and | ack of spare parts
conbine to reduce utilization to about one-half the nornal
operating efficiency.

I mpl enents available for tractors have been extrenely
limted. The tine tiller or chisel plowand four—wheel trailer
are the nobst common inplenents. The only exceptions are sone
6, 000 tractor—powered, belt—driven, throw-in-threshers and about
the sane nunber of belt-driven, lowlift punps. There are
essentially no planting, land levelling, cultivating, or harvesting
i mpl enent s.

Primary tillage, or the initial plowi ng for each crop,
appears to be the highest priority of nmechanization. Mst of
the other operations are done with draft animals or by hand.

Total agricultural power has been cal cul ated as 26% from
humans, 21%fromani mals, and 53%fromtractors, engines, and
electric notors. This is based upon a horsepower rating of a
man at 0.006, an animal ranging fromO0.3 for a buffalo to 0.6
for anmule or horse, and tractors rated at the drawbar, woul d
average 35 hp each in Egypt.

Even though 53% of the total power used in agriculture
cones frommechani cal sources, a farner presently supplies nore
than 260 days of hand | abor and 35 days of animal power for each
day of tractor use in Egypt.

Ten years ago | and preparation was 55% nmechani zed, punpi ng
50% and threshing 20% In addition, a majority of the plant
protection sprayi ng done by the public sector was nechani zed,
rangi ng frompowered backpack sprayers to contract aerial spraying
using foreign planes and pilots.
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The degree of nechani zation was assuned to have renai ned
essentially constant until 1975- 76. Then a large increase in
tractor inports and a stinulation of the private manufacturers
of agricultural inplenments reflected governnment policy to
encour age nechani zation. The governnent reduced the inport duty
and the quotas on tractor inports, ceased the sequestration of
those private firns capable of locally produci ng machi nery and
i mpl enents, and stabilized |and tenure-land reformso that
| andowners woul d begin to invest in nechanized farm ng.

LOCAL MANUFACTURE OF EQUIPMENT

Per haps one of the greatest constraints to nechanization
in Egypt is the lack of local fabricators. Concurrent with |Iand
reformin the 1952 Revol ution, there was a programto sequester
and nationalize the nore successful and |arger workshops. The
enphasi s of many of these workshops shifted fromservicing the
rural sector to providing equi prent for national defense.

Tradi tional sources of farmmachinery (USA and West Europe)
wer e repl aced by Romani an, Russi an, Yugoslav, and, |ater, East
Ger man equi pnent that was obsol ete, uneconom cal, and, |argely,
one-tinme barter arrangenents. Wth the shortage of spare parts,
the public sector-owned tractor becane inoperative pendi ng
inmportation of parts, But with the pressing need of the private
equi pnent owners, a series of small nmachi ne shops and wor kshops
began to nake spare parts and provide repairs. These operations
were small, primtive, and dispersed. Their products were not
standardi zed and frequently very expensi ve.

In 1962, a public sector autonotive manufacturing conpany
(NASCO began to assenble a 50 hp Yugoslav tractor. NASCO
fabricated about 20%of the parts. Between 1962 and 1967 sone
5,000 of these were assenbl ed and sold |ocally. In 1967 the
hor sepower was increased to 56, the chassis |engthened, |arger
tires used, and another 3,500 were nmade before assenbly stopped
in1970.

In 1970, arrangenents were nade to assenble in Egypt a 65
hp Romani an tractor which was of better quality. Sone 6,000
have been assenbled to date. To neet the demand for nore tractors,
a new contract was signed with Yugoslavia in 1975 to once
agai n assenbl e another 1,500 of the 56 hp nodel that was di scontinued
in1970.

Restrictions on inporting tractors were rel axed in 1974,
and in the past 3 years a frigtening range of tractor sizes and
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Table 1. Sector distribution and size of tractors in Egypt-
1974.

Private sector
Engi ne hp & Publ i c sector Tot al
cooperatives

35 4,434 997 5, 431
36- 50 10, 507 1, 352 11, 859
51-70 4, 845 4,108 8, 953

71- 100 146 186 332

Tot al 19, 93222 6, 643 26, 575¢/

& O this nunber about 4,000 are in cooperati ves.
b o this nunber about 4,000 are in land recl amation.

¢ An estimated 60% of total tractors are operable at any one
time. Thus there are 155 ha cultivated and 293 ha cropped
I and for each operable tractor.

nodel s have been inported by the private and public sector (see
Table 1). An attenpt to standardize tractor inmports has not been
too successful, but negotiations are under way to i nport using
US | oan funds, 2,400 Mbdel 265, Massey-Fergusons, to sell to
farmers through |l ocal credit sources.

One aspect of nontractor power which has received enphasis
is plant protection services. A 1975 survey showed there were
1, 000-30 hp sprayers, 13,000-6 hp sprayers, and 4, 000-3 hp back
. pack sprayers in addition to the 120,000 nmanual | y oper ated back
pack sprayers. How nany of these are operating is not known, but
certainly the 6 hp petrol engines (nobstly Wsconsin and Briggs and
Stratton) are in great denmand and a central facility for the repair
and rebuil ding of these engines is needed.

Low lift punping of irrigation water is increasing. There were
54,000 smal|l engine and el ectric portable punps, 2,000 stationary
h el ectric and di esel - powered punps, and 6,000 tractor-powered punps
reported in 1974. During the past 10 years sw | worksh GPS have
been able to copy centrifugal punps in the 250 to 400 ml hr
capacity and are using locally nmanufactured el ectric notors or
primtive diesel engines for power.

Local |y manufactured electric notors are 3 phase, 220V,
50 cycle with horsepower ratings from3 to 12. Locally manufactured
diesels are copies froma 30-year-old Deutz design and are sl ow
speed, water-cooled, and with horizontal cylinders in,the ol der
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nmodel s. The horsepower range is from6 to 16. The engi ne and
punp are classified as portabl e because they are nounted on 25
cmsteel wheels, but inreality are very difficult to nove over
fields or bunds. About 6,000 portable punp sets are sold each
year, of which 70% of the punps and 10-15% of the engines are
manuf actured | ocal ly.

There has been conpl ete acceptance of a sheet netal, lowlift
version of the Persian wheel for lifting irrigation water 1 to 2 m
with animal power. Shafts and yokes are nade fromwood and, in

sone cases, the gears are also primtive interneshing wooden pegs.

The capacity for |ocal manufacturing of agricultural nmachinery
has been difficult to neasure because a mapjority of the facilities
are diverse and small and owners are not anxi ous to become obvious
because of sequestration and, nore lately, taxation. The workshops
frequently do nonagricultural and vehicle repair as well as
manuf acture agricul tural machinery. The sales and service of
agricul tural machinery as well as stocking of spare parts is al nost
nonexi stent. Mst machinery is manufactured on individual order
and frequently financed by a partial downpaynent.

The M nistry of Agriculture has a few agricultural workshops
for fabricating farmmachi nery, and each has sone degree of
speci alization. One such workshop in Cairo manufactures spray
punps, another spray tanks, and a third assenbl es cotton sprayers.
Afairly large facility outside of Al exandria nmanufactures
threshers, punps, chisel plows, trailers, and |l and | evel ers and
has the production capacities and prices listed in Table 2. Such
production capacity is estimated to be 10-15%of the country's
capacity and prices would be nore or | ess representati ve.

Per si an wheel s or "saqgi as" cost $253 to $332, dependi ng
on size and it would cost up to $1,059 to provide an electric
not or - powered saqgia. Small (6 hp) diesel-powered centrifugal
punps with a capacity of 100-120 cu m h cost $1, 020.

Cost cal cul ati ons show that an ani mal - power ed sagi a costs
$ .24 per horsepower-hour, diesel punps $ .008, and an electric
punp $ .02. This denonstrates the relatively high operational
costs of animals to lift water with the efficiency of the saqgia
(40% and the conversion of animal feed into power.

Diesel oil is presently subsidized at 75% of actual cost
and the electrification network is expanding into rural areas and
is expected to be conpleted in 1990. Thus, the |ong-run forecast
woul d be for electric powered axial flow, lowlift punping and the
shorter termsol ution would be diesel punp sets, particularly if
the local capacity to manufacture these units or sone conponents
coul d be increased.
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Table 2. Production capacity and unit cost of selected
i mpl ements fromBehera Conpany.

Mont hl 'y Uni t
Item Descri ption capacity cost
(units) Uss$
Thr esher 360- 450kg/h - belt drive 50 658
(tractor or elec. notor)
Chi sel pl ow mounted 7-9 shanks, 20 cm 100 259
dept h
Chi sel pl ow trailed 9-11 shanks, 20 cm 100 994
dept h
Subsoi | er trailed - single shank w nole, 20 588
65 cmdepth
Di tcher trailed - 200 cmwidth, 45 cm 20 490
dept h
Bl ade/ | evel er trailed - 2 mwi dths 40 595
(smal 1)
Bl ade/ | evel er trailed - 4 mw dt hs 30 1, 050
(large)
Trailers 4-wheel, 2 x 4 mbox 25 1, 540

4 t capacity

POLICIES RELATING TO MECHANIZATION

The governnent farmmnechani zation policy within the franmework
of the current 5-year plan calls for:

1. acquiring the necessary nunber of tractors to replace
man and ani nal power in the operations of land cultivation
during the next 10 years at the rate of 3,500 tractors
per year;

2. replacing primtive irrigation and drai nage tools with
nmobi |l e or stationary machines (elimnation of saquias)
and initiate use of rural electricity in at |least two
gover nor at es;

3. provision of main workshops in five governorates for
t he mai ntenance and repair of farmmachinery;

4. conpletion of training centers to provide a sufficient
nunber of trained people to neet the operation, nmaintenance
and repair needs for farmnachi nery; and

5. undertaki ng experinental and research work necessary
for nmechani zi ng cotton and sugar cane cul tivation,
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and nmechani zi ng the harvest and threshing of grains,
particularlyrice.

The Farm Machi nery Departnment of the Under- Secretariesof
Engi neering Offices, Mnistry of Agriculture, is responsible for
farmmechani zation in Egypt. At the national level there are three
units: 1) Investigation and Testing (staff of six engineers),
2) Service Planning and Mai ntenance (staff of four engineers),
and 3) Supplies and Spares (staff of four engineers).

The departnent al so has 56 engineers in the field with the
primary responsibility of seeing that plant protection sprayers
are operating or to serve as a relay in processing requests for
the purchase and delivery of farmnmachinery. There is no staff
or unit directly concerned with the on- farnmuse of machinery or
to select, schedule, and establish rates for contract hiring
of machinery. Standardization of equi prent, based upon | oca
testing and eval uati on, has not been effected because tractor
purchases have been |l argely barter arrangenents and bil ateral
aid, reflecting political opportunities rather than rationa
deci si ons.

Mechani zati on during the 1950- 70period invol ved many private
conpani es and forei gn governnments pronoting nechani zati on and
equi pnent sal es without service, training, spare parts, or
supervision. The large FMC sprinkler irrigation project, the
Yugosl av tube well project, the Russian Mechani zed Model Farms
can all be judged failures because the residual equipnment is
i noperative, the | ands devel oped are | argely abandoned or only
margi nal |y productive, the trained staff has scattered, and
several mllions of dollars have been squandered

There has been a justifiable reticence on the part of the
Government of Egypt to enter into any additional |arge- scale
nmechani zed devel opnent schenes that do not have a long- term
managenment commitnent and a sizable investnment fromthe foreign
country or conpany. Many investnent schenes are pendi ng that
relate to the sale of advanced technol ogies ranging fromdrip
irrigation to food processing and includi ng several |oans and
grants to establish tractor rental services, tractor repair
facilities, tractor training courses, electrification of on- farm
punpi ng, tractor assenbly plants, and direct donation of assenbl ed
tractors. Sonme of these have been politically difficult to refuse
or del ay.

There is a justifiable concern about displacing labor in the
hi ghly | abor- intensiveagriculture that exists in Egypt. There
is an equal or even stronger concern that farmlabor costs are
increasing at a rate above nornmal inflation, reflecting actua
| abor shortages at specific seasons. There is sone concern that
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the limted tractor power is being controlled by a few and that
those who controlled the | and before |and reformare now controlling
agricultural power and credit.

Formati on of over 4,000 service cooperatives that have at
| east one tractor for hire was a governnmental attenpt to break
the nonopoly of customtractor operators. |Inreality, however,
t he operation of the cooperative tractors has been | ess than
economical or efficient. The operator is a governnent enpl oyee
who has a sal ary whether the tractor operates or not. Scheduling
the tractor involves considerable transit tine to and fromthe
work site. The lack of spare parts and machines results in
consi derabl e down tinme. Qpportunities for corruption, influence,
and i nconpetence in a public sector tractor operation dealing with
illiterate farnmers are great.

The recent relaxation of customduties on tractors and
agricultural equiprment has nmade it considerably easier to inport
tractors and parts back into Egypt for those who have foreign
exchange resources abroad. Additional foreign exchange has been
al | ocated by the Governnment of Egypt through the Mnistry of
Agriculture for the purchase of inported tractors and equi pnent.
When the quota arrives a farmer can apply for a tractor by
depositing 50% of the cost and payi ng the bal ance over one crop
year. The quota is distributed by a lottery.

The domestic production of assenbled tractors is distributed
t hrough potential buyers making a deposit and waiting on a list
for the allocation. There are three ways to secure tractors:

1) individually purchase fromabroad with forei gn exchange,
2) subscribe a lottery of a quota of inported tractors, or
3) wait for a donestically assenbl ed nodel .

RESEARCH, DEVELOPMENT, EVALUATION, AND EXTENSION

Presently, nechanization research is effectively nonexistent.
Cairo and Al exandria University have essentially no funds for
research, so their prograns are largely linmted to graduate
student library-type projects.

Ford Foundation in conjunction with nine universities and
the Mnistry of Agriculture has undertaken a year-1long survey of
900 farms in nine provinces. Part of this survey neasures the
| abor, ani mal power, machinery inputs, costs, and benefits. For
the first tine a survey will assess farmproduction as a neasure
of energy utilization and identify |abor and nmachi nery requirenents.
Ford Foundati on has al so sponsored a programfor devel oping smal |,
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locally fabricated, nultipurpose machi nery designed to work with

a 10 hp diesel engine. This concept has attracted joint participation
by IDRC, Catholic Relief, and a | ocal public sector workshop,

Behera Conpany.

FUTURE DIRECTIONS

Consi der abl e enphasis is being given to farmnechani zati on.
The policy is to first assess the need, level, and social and
econom ¢ costs of mechanizati on devel opnent with both inported
and | ocal |y assenbl ed tractors. There is also the option or
concurrent alternative of devel oping smaller, locally fabricated
farmmachi nery using a single power source for many farmoperations.

Plans call for the formation of an agricultural mechanization
institute with five conponents: 1) research and devel opnent,
2) testing and evaluation, 3) workshops, 4) training, and
5) extension. Ablue ribbon comittee has been desi gnated by
the Mnister of Agriculture as the Suprene Council for Agricultural
Mechani zation. It consists of several chairnmen of boards of
public sector corporations involved in agricultural nmachinery
fabrication, sales, service, and inporting. Al so on the Council
are the Undersecretary of Engineering Affairs, Mnistry of
Agriculture, and Heads of Agriculture Engineering Departnents of
Cairo and Al exandria Universities.

A field testing station and workshop at Maryout, desi gned
and operated by the Gernman Denocratic Republic, has been taken
over by the Mnistry of Agriculture as a field testing station and
a farmmachinery training facility. A laboratory in Sabaheya,
speci ally designed for testing farmnmachinery by FAQ, will be
taken back fromthe Navy and becone the research and devel opnent
conponent as well as the engine and tractor |aboratory testing
facility. Located next to this facility are the Behera Conpany
Wor kshops that have their own machi ne shops, foundry, sheet netal
shops, and assenbly lines. Also |located nearby is a rice
processing research and training center which will soon be directly
involved in rice harvesting, drying, storage, handling, mlling,
and parboiling.

Sevent een nechani cal and agricul tural engineers are assigned
tothe test facility. It is hoped that sone of these or others
can be brought into research and training.

Ford Foundati on has agreed to one nore year of support in
t he devel opnent of 10 hp appropriate nechani zation. The
I nternational Devel opnent Research Centre of Canada is processing
a 2- year grant to provide intensive testing of this scale of
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machi nery. The United State Agency for International Devel opnent
has agreed to a $1.1 million project over a 5-year period to
devel op a rice nmechani zation programin Egypt and is in the

process of providing up to $40 million in assistance for agricultural

nmechani zat i on.

The World Bank has witten a feasibility report for a
$23.4 million loan for establishing two nechani zed pil ot projects
in Egypt. The Federal Republic of Germany has just granted 3
mllion DDM for agricultural nmechanization in Egypt. Deutz-GvwH
has donated forty 10 hp diesel engines to support the Ford
Foundati on " Ten Hor sepower Agricul tural Mechani zation Program "
The Catholic Relief Programhas secured a grant from Canadi an
Aid (CIDA) and is securing US PL-480 surplus currency (/204)
funds for the purchase of internediate 10 hp machi nery? for
secondary training schools and to provide | oans for secondary
school graduates to purchase the individual conponents of the
10 hp machi nery.

2/lO hp machi nery presently consists of nulticrop threshers,
conbination planter-drill, traction unit with trailer, 600-
liter sprayer, and a lowlift axial flowpunp. Future
plans call for inproved nodels of the above plus rice
transpl anters, two-wheel tractors, village type rice
and flour mlls, and farmelectrical generating units.
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STATUS OF AGRICULTURAL MECHANIZATION IN PAKISTAN

M. TOAHA QURESHI
DIRECTOR OF RESEARCH (AE)
AGRICULTURAL RESEARCH COUNCILOF PAKISTAN

SUMMARY

During the past 20 years of planned development,
significant structural changes have been brought

about in the Pakistan economy. Agriculture remains

the largest sector of the economy in terms of employment
andincome.

Agriculture contributes 36.4% of the total Gross
Domestic Product (GDP), provides employment for
75% of the rural population, and accounts for 75%
of foreign exchange earnings. The agricultural
sector, while supplying raw material for the bulk
of domestic industry, also consumes 80% of its
finished goods. Within the agricultural sector,
cropping activities contributes 69% of the GDP,
the livestock sector around 28%, and fisheries and
forestry subsectors, 3%.

Agriculture in Pakistan has generally been land and
labor oriented. It is passing through a transition
from subsistence to commercial farming. It resulted
from a combination of farming technologies: adoption
of improved cultural practices, adjustments of
economic crop rotations, better irrigation facilities,
increased cropping intensities with the installation
of tube wells, use of fertilizers, improved and high
yielding varieties, plant protection measures, and
use of tractors and improved implements.

Thus, gradual transformation of agriculture from
subsistence to commercial has begun by accommodating
technological changes in production.

Per capita food production has increased but at a
slower rate than population growth. The rapidly
increasing population creates a task for the nation

to increase food and fiber production. This can only
be achieved by extensive adoptation of technological
innovations coupled with the use of farm machines in

the production of crops. Future progress in agriculture
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depends more on raising per acre productivity than on
expansion of area under cultivation because of limited
land and water resources.

TYPES OF FARMING AND MAJOR CROPS

A good climate and a network of irrigation canals make
Paki stan wel |l suited to greatly expanded agricul tural production.
Crops are grown throughout the year. M xed farning predom nates.
Maj or crops in terns of cropped area are wheat, cotton, rice,
gram sorghumand millets, sugar cane, oilseeds, and fodder crops.
Various tropical and tenperate fruits are grown over extensive
ar eas.

Bot h wheat and rice are staple food crops consuned in the
country. \eat is grown during rabi (winter) and cotton in
kharif (sunmmer). Sugar cane conpetes with other crops in both
rabi and kharif. On an average, 18.2 million ha are cropped
annual |y in Pakistan, out of which 7.9 mllion ha are sown in
kharif and 1.0 mllion ha cultivated in rabi. Nearly 80% of
the cropped acreage -- 14.0 million ha -- receive irrigation
wat er and about 3.5 nillion ha are cultivated in rainfed and
riverine areas.

HECTARAGE AND PRODUCTION OF CROPS

Agricul tural production during 1969-70 surpassed all previous
records and can be favorably conpared with that of 1959-60 when
“the green revolution” took place in the country. The area as
wel | as production of major crops has increased i mensely.

An increase in production by 141%for rice, 84%for cotton,
147% for sugar cane, and 187% for wheat has been recorded during
1969- 70 over the base period 1959-60. The increase in acreage
under these crops was 35%for rice, 31%for cotton, 56%  for
sugar cane, and 28% for wheat. The increase in production during
1974-75 has been 132%for rice, 111%for cotton, 100%for sugar
cane, and 96% for wheat over the production of these crops during
1959-60. The area devoted to these crops during 1974-75 al so
increased by 33%for rice, 53%for cotton, 69%for sugar cane,
and 19% for wheat as conpared with 1959-60. The indices for
area and production of rice, cotton, sugar cane, and wheat crops
cal cul ated by assumi ng 1959-60 as base period are indicated in
Tabl e 1.

Cropping intensities

More than one crop per year can be grown in nearly all
agricultural regions of Pakistan when sufficient rainfall or
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Table 1. Indices of changes in area and production of maj or crops grown in Pakistan during 1959-60
to 1972-73 (Base period: 1959-60 = 100).

rop Year Ri ce _ Cotton _ Sugar cane _ Wheat _
Area Production Area Pr oducti on Area Pr oducti on Area Pr oducti on
1959- 60 100 100 100 100 100 100 100 100
1960- 61 89 104 96 103 98 110 95 98
1961- 62 101 113 104 111 112 135 101 103
1962-63 99 110 102 126 134 173 103 107
1963-64 107 120 110 144 120 151 103 106
1964- 65 113 135 109 136 127 175 109 117
1965- 66 116 132 116 142 15 209 107 100
1966- 67 117 137 119 158 164 206 110 111
1967- 68 118 151 128 177 127 175 123 164
1968- 69 129 204 130 18 136 206 126 169
1969- 70 135 24 130 184 156 247 128 187
1970-71 125 221 129 186 160 217 123 166
1971-72 122 222 146 243 152 202 12 176
1972-73 123 234 150 241 134 187 122 190
1973-74 127 287 137 219 162 224 125 195
1974-75 133 232 153 211 169 200 119 196

Source: CGovernnent of Paki stan, Year Book of Agricultural Statistics.



Table 2. Area cropped, cropping intensity, and extent of nmachi ne
use on farms in Pakistan

Total area Aver age % usi ng

Far mhol di ngs cropped 9 tube wells % usi ng

in ha kharif & rabi _cropping &lowlift tractors

intensity
(% punps

Al'l hol di ngs 84 111 28 18
Under 20 94 114 27 17
Under 0.4 113 152 16 17
0.4 to 2 105 132 21 17
2tob 103 121 26 14
5to 10 93 111 33 18
10 to 20 80 103 41 26
20 to 60 63 97 45 38
Over 60 37 88 38 44

Source: Paki stan Basic Econonmi c Report, Septenber 24, 1976.

irrigationwater is available. Overall cropping intensity in
Pakistan is 111% it is highest (139% on small farns. |t
progressively declines with increased farmsize and is only 88%
on farns larger than 60 ha. Irrigation water is considered
essential to increase the area under crops, although certain
studies reveal that with proper and efficient use of present

wat er resources, the area under crops can be increased with the

hel p of added draft power. It is very nuch true in an area of
high rainfall and in areas where subsoil water is suitable for
irrigation purposes. In these areas if sufficient draft power

is available, the cropping intensity can be increased. On farms
where sufficient draft power is available, the cropping intensity
has gone up to 200% as conpared to only 100.2%intensity on the
farms with insufficient draft power. Table 2 shows the cropping
intensity and extent of machi ne use on farns.

Land use

Only 24% of the total geographical area of Pakistan is
cultivated; 3%is in forest, pastures, and range; and 14%is
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classified as culturable waste | and. There are many reasons

for the noncultivation of such |ands, the nost critical being

| ack of water. Inproved utilization of water supplied would

enabl e the existing cultivated area to be nore intensively
cropped. The situation is rapidly changing due to the application
of fertilizers and utilization of ground water resources. Future
i ncreases in cropped acreage are expected to be achieved largely
as aresult of increased water supply and cropping intensities

in areas already served by canal s.

The availability of irrigationwater fromboth surface and
ground sources was 11.9 mllion ha neters during 1974-75. The area
sown during the same year under irrigated conditions was 13.0
mllion ha, out of which 6.16 million ha were cropped in kharif
season and 6.85 mllion ha were sown in rabi season. The rainfed
area under cultivationwas 3.45 mllion ha during 1974-75. CQut
of this, 1.14 mllion ha were cultivated in the kharif season and
2.31 million ha were cropped in the rabi season. The overall area
cropped during 1974-75 showed an i ncrease of 3%over 1969-79.

Size of land holdings

The average cultivated area per agricultural worker is so
smal | that nost are operating bel owthe subsistence level. This
situation | eaves farnmers w thout resources or incentives to adopt
neasures to inprove crop yields. In conparisonwth world
standards, the structure of |and hol dings in Pakistan is considered
smal | . About 68% of farmers possessing 30%of the farmarea hold
| ess than 5.06 ha each. Eighty-nine percent of the holdings are
| ess than 10.13 ha and 97%are | ess than 20.25 ha. Hol di ngs of
| ess than 20.26 ha each constitute 76%of the farmarea. The
average farmsize in Pakistan is 5.27 ha. Farns bel ow 3. 04 ha
constitute 12%of the total farmarea and 45%of the farns are
between 3.04 and 10.13 ha. Table 3 indicates nunbers and area
of farns classified according to operational farmsize in
Paki st an.

Land tenure

The systemof |and tenure delineates the | egal and customary
rel ati onshi p between | and, the cultivator, and parties involved
and interested in land. Land tenure determ nes the size of the
ownership and cultivation unit and indirectly affects the
techni que6 of farmng. Broadly, there are three kinds of tenural
classes on farns in Pakistan: 1) noncultivator owners, 2)nonowner
cultivators, and 3) owner cultivators or peasant-proprietors. Qut
of 3.7 mllion farnms in Pakistan, 42% are operated by individuals
who both own and rent land. Farners who own |and formthe
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Tabl e 3. Nunber and area of farns classified according to
operational farmsize in Pakistan, 1972.

Farmsi ze No. of farns Av. farmsize No. of farnms
inha ( 000) (ha) %
Upto 3 1,639.0 1.5 44
3to5 920.0 3.9 24
5to 10 793.9 6.7 21
10 to 20 289.2 12.9 8
20 to 60 102.6 29.2 3
Above 60 16. 2 112. 3 +
3,761.7 166.5 100

Source: Covernnent of Pakistan, 1972, Pakistan Census of
Agriculture, Mnistry of Agriculture (Provincial Data).

heavi est concentration on the holdings up to 3 to 10 ha category.
Farmers who operate rented | ands constitute 34% Table 4 shows
farms according to land tenure during 1972.

Land reform

Through the reforns of 1972, |and ownership was reduced to
60.73 ha irrigated or 121.46 ha unirrigated from202.43 ha
irrigated or 404.86 ha unirrigated. The resuned | ands were
di stributed anmobng | andl ess tenants or those who possessed | ands
bel ow subsi stence hol dings. In January 5, 1977, the ceiling
of ownership of |lands was reduced to 41 ha irrigated or 82 ha
unirrigated. The resunmed | ands once agai n were distributed anong
| andl ess tenants or those who possessed | and bel ow subsi st ence
hol di ng.

The inplenmentation of land reforms has idcreased the nunber
of Iand owners in the agrarian society. The average size of
hol di ng i s about 5.27 ha, 90%of the farnms in the country are
bel ow 20.26 ha. These farns need snmall tractors and inplenents
avail abl e at a nodest price. This situation creates a task for
agricul tural engineers to design machines and inplenents for snmall
hol di ngs. The situation is also conducive for the inport or
manufacture locally of small and | ow horsepower tractors, which
may consune | ess fuel with maxi mumoutput. These machi nes suit
t he needs of a mmjor of Pakistan's farns.
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Table 4. Farns according to | and tenure in Pakistan, 1972.

Farmsi ze Oaner - cum

. Oaner s Tenant s Tot al

in ha tenants
up to 3 54 16 30 100
3to5 28 26 46 100
5to 10 31 32 37 100
10 to 20 38 34 28 100
20 to 60 49 35 16 100
Above 60 63 28 9 100
Total farns 1, 569, 000 897, 000 1, 296, 000 3,762, 000
Per cent 42 24 34 100

Source: Covernnent of Pakistan, 1972
Paki stan Census of Agriculture
Mnistry of Agriculture
(Provincial data)

AGRICULTURAL LABOR USE

Agricultural |abor engaged for at |east 6 nonths continuously
is called permanent and casual |aborers are those engaged and paid
daily. A special category is seasonal |abor, tenporarily enployed
for specific agricultural operations such as harvesting, cotton
pi cking, transplanting of rice, and weeding. Such |abor is usually
mgratory. Nornmally the daily wage rate for casual |abor appears
to be higher than that of permanent labor. It is due to seasonal
operations when there is an increased demand under a specific
time limt. Casual labor is often unenployed for |ong periods
during the slack season and if work is avail able during such
season the wages are |ow Wages vary with the degree of skill
required in work, proximty to urban centers, intensity of
cultivation, size of crop, and nobility of |abor. Paynent in
kind is not uncommon for all types of |abor.

A survey conducted during 1971-72 reveals that fenal e | abor
participation in rural areas is higher than in urban areas.
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Table 5. Conposition of agricultural |abor force according to
farmsi ze during 1972.

Tot al Conposi ti on of Labor
Farmsi ze Ifg{)(r)nr (1I(:Ja)r/r: Isyor\ogkl:oe\;e) Per manent hired | abor
(000) No. (000) % No. (1000) %
1 2 3 4 5 6
up to 3 3,995 3, 946 95 49 1
3tob 2,826 2,771 98 55 2
5to 10 2,971 2,866 96 105 4
10 to 20 1,375 1,273 93 103 7
20 to 60 594 490 82 104 18
Above 60 124 72 58 52 42
Total : 11, 887 11, 417 96 490 4

Source: Governnent of Pakistan, Pakistan Census of Agriculture,
1972.

Fermal e participation is about 10%while nale |abor participation
is 81.6% Though it is difficult to categorize, in the case of
famly farns, who is in the | abor force and to what extent,
generally wonmen and girls participate in the harvest and assi st
in the care of animals. Table 5 shows the structure of the
agricultural |abor force according to farmsize in Pakistan
during 1972-73.

On snmall farns the bul k of labor input is contributed from
fam |y sources. But nobre than 50% of those classified as
farmer-operators are tenants or part-tenants. There is al ways
an acute | abor shortage during peak work-1oad days.

LEVEL OF MECHANIZATION TECHNOLOGY

I n Paki stan, increased tractor use has been criticized as a
| abor displacing factor. But tractors have definite advantages.
They are mainly used for field operations and also for transportation.

Presently, the tractor work on farns i s not properly organi zed.
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Farmers use tractors nostly to handl e urgent farmoperations.
Only plowing and | eveling are usually planned before each season.
Tractor use is extensive in double cropping where the sane piece
of land is to be utilized within a short tine. Tractors also
provi de power to run heavy, inproved inplenments and help carry
out deep tillage that regenerates soil fertility and increases

yi el ds.

Tractor use accelerates |and preparati on and harvesting
operations, facilitates multiple cropping, and increases | abor
productivity and enployment. Use of tractors no doubt displaces
| abor but only for certain operations. Mechanization increases
enpl oynent opportunities due to the increased cropping intensities,
hi gher yields, and changes in cropping patterns. Tractors provide
much cheaper draft power than is available fromani mal sources.

The tractor popul ation was about 35,716 in 1973. Mst were
in the 45 to 55 hp range. Baylaras (Russian) and Massey Ferguson
(British) dominate in nunbers with 33% and 24% of the total
respectively during the sane year.

About 30 different nakes and nodels of tractors were in use
prior to 1957. Tractor standardi zation was enforced in 1958.
The list of standardized tractors, which included seven nakes
initially was reduced to four types in 1961. It has gradually
expanded to include 10 nmakes of tractors with 16 nodels in 1977.
The Farm Mechani zation Conmittee report recomended 10 makes of
tractors with one nodel each in the range of 45 to 65 hp be kept
on the standardized list. Current plans recommend the manufacture
of tractors in the country under the auspices of the Pakistan
Tract or Corporation.

Bullock and tractor farming

The demand for tractor power in agriculture is highly seasonal
and primarily to neet peak |abor requirenents. The demand al so
depends on the notivation to approach, as nearly as possible, the
productive potential of |and which is determ ned by the econom cs
of concentrating farmpower on a given acreage. The prevailing
pattern of nechanization in the country has been that of replacing
about half the bullocks on farms and restricting the on-farmuse
of tractors to seedbed preparation. Farners in general do not
envi sage the displacenent of manual |abor by nachines because
present wage rates favor use of manual |abor for operations such
as weedi ng, application of fertilizers, pesticides, and harvesting.
The partial tractorization pattern appears to be stable.

Importance of farm mechanization

It is widely accepted that nmechani zation is an essenti al
el ement for increasing production. Experts claimthere are three
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maj or factors responsi ble for obtaining increased crop production.
One is the use of better farmequi pnment, a second is the introduction
O high yielding varieties and use of chemicals, third is the
expanded use of irrigation water.

In Pakistan per acre yields are still |ow conpared to countries
usi ng machi nes. The United States and Japan average rice yields
of over 5 t/ha while the average per hectare yield of rice was
2.2 t/ha in Pakistan during a good crop year |ike 1971.

Si nce Paki stan's overall econom c devel opnent is closely
linked with growth in the agricultural sector, it appears a
reasonabl e increase in crop production could he achi eved by
popul ari zi ng mechani zed cul tivati on.

Small farms and the process of mechanization

During the last 10 years new technol ogi es introduced in the
country have played a primary role in the growth of agriculture.
These are: 1) adoption of high yielding varieties and use of
fertilizers, 2) devel opnent on a |l arge scale of private tube wells,
and 3) gradual introduction of mechanization. Since only owners
of large and nediumfarns had the resources to support the inproved
technol ogy, the resulting benefits have been unevenly distributed
among the farmng comunity. It is essential to establish an
institutional framework to assure small farners the sanme access
to a high productivity agricultural system

Effect of labor market on mechanization

Labor is becoming increasingly scarce, especially in peak
work | oad seasons. During the harvesting season, |abor denmand
increases everywhere. Due to high demand, wages rise sharply.

I ncone earned during these periods is of great social inportance
to various categories of wage earners participating in the harvest,
whi ch includes migrant |abor fromthe deserts and hilly areas.
Wages are frequently paid in kind providing a built in safeguard
to neet basic food requirements. This sytemis a part of an
accepted social pattern and even those farners who have a

nmechani zed range of operations showlittle interest in nmechanizing
the harvesting operations other than threshing.

Farmers can no longer afford to pay the increasing costs of
hired labor. It is inthislight that farmmechani zation has to
be evaluated. The process of nechanization, in conbinationwth
ot her technol ogi es constitutes an inportant aspect of the
devel opnent process. Introduction of tractors and machi nes
coupl ed with expansion in tube wells has caused no apparent
reduction in the nunber of small farners, nor has it displaced
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much | abor. Farms under 3.04 ha conprised 44%of the total farns
during the year 1972. These farns had only 13% of the tube wells
and 3% of tractors, though the use of tractors was high. Farns
over 10.13 ha constituted only 11%of the total nunber, have 46%
of the tube wells and 77% of the tractors. It can be assuned
that besides quality of work, farmnechanization nust have taken
pl ace due to | abor shortages rather than to di splace | abor.

THE EMERGING FARM MACHINERY INDUSTRY

The Paki stan Tractor Corporation canme into existence in
October 1972. It is a limted conpany and all shares are owned
by the Government. The nain objective in creating this corporation
was to make Paki stan self-sufficient on a long-termbasis in the
manufacture of 40 to 50 hp tractors. Plans are still in the
formative stage. No substantial efforts have yet been nade to
desi gn and manufacture farmnmachinery for small farnmers which
are tailored to specific crop and soil requirenents. The plan
is to produce initially, Massey Ferguson tractors.

At a recent Tractor Review Committee neeting, it was decided
to inport 15,000 tractors during the current financial year.
Seventy-three mllion dollars has been allocated for this purpose.
In addition, US$5 million has been allocated to i nport power
tillers, rice transplanters, and other agricultural inplenents.

During the | ast decade, use of tractors and agricul tural
machi nes has been increased. The nbst common factors responsible
are 1) lack of skilled agricultural |abor during peak work-1 oad
days, 2) the short time interval available for sowi ng and
harvesting operati ons which usually overlap for many rabi and
kharif cropping patterns, and 3) nore efficient performance of
operations performed by tractors and i nproved i npl enents which
are not possi bl e using bullocks and i ndi genous i npl enents.

Yet, nechani zation on general farns is still in transition
because of many deterrents. Problens include the small and
fragnmented | and hol di ngs, |ack of designs and manufacturing
capacity in the country, lack of desired spare parts, absence
of repair and service facilities in the rural areas, nonavailability
of financing for farnmers, paucity of technical services, high
prices of farmmachinery, and | ack of research in agricultura
engi neering, particularly for standardi zati on of tractors and
i mpl enents for Pakistan soil and crop conditions. Use of
agricul tural machines on large farns is also restricted due to
t he nonavailability of appropriate size tractors, wear and tear
in case of inappropriate inplenents, and the |arge nunbers of
shar e-croppers owni ng bul | ock power.
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