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EXPLANATORY NOTES 

A full stop (.) is used to indicate decimals. 
A comma (.) is used to distinguish thousands and millions. 
A slash (/) is used to indicate "per ... for example t/a = tonnes per annum. 
A slash between dat.:s (for example. 1979180) indicates an academic. crop or 

fiscal year. 
A dash betw~en dates (for example, 1970-1979) indicates the full period. 

including the beginning and end years. 
References to dollars ($) are to United States dollars. 
References to rupees (Rs) are to Indian rupees. In October 1978 the value of 

the rupee in relation to lt1t dollar was SI = Rs 7.90. 
The word billion means 1.000 million. 
The word lakh means I 00.000. 

The following notes apply to tables: 

Three dots ( ... ) indicate that data are not available or are not sepa
rately reported. 
A dash (-) indicates that the arnount is nil or negligible. 
A blank indicates that the item is not applicable. 
Totals may not add precisely because of rounding. 

In addition to the common abbreviation~. symbols and terms and those 
accepted by the international System of Units (SI), the following have oeen 
used: 

Commercial term 

c.i.f. cost, insurance and freight 

ASTM 
CFfRI 
CME RI 
FAO 
GTI and TS 
ICAR 
IIS 
ILO 
INTIB 
IRRI 
ISi 

Orgsmizations 

American Society for Testing and Materials 
Central Food Technological Research Insfr.ute 
Central Mechanical Research Institute 
Food and Agriculture Organizataon 'lf the United Nations 
Government Tractor Training and Testing Station 
Indian Cm~ncil en Agricultural Research 
Indian Institute of Sciences 
International L:ibour Organi:;ation 
lndu~trial and Technoiogical Information Bank 
lntunational f tice Research Institute 
I:.Jian Standards Institution 
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MIAM 
PTC 
SAE 
SIDO 
TAMTU 
TANU 
UFI 
UNESCO 

BS 
DP 
EOT 
ft 
gal (Imp) 
gal 1, US) 
gph 
hp 
P.SS 
m. 
lb 
LH 
mph 
MS 
ps• 
PTO 
Rand D 
RH 
rpm 
SWG 
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Nationai Institute of Agricultural ~k~h . .mization 
Pakistan Tractor Corpor~tion 
Society of Automotive Enginc-~rs 
Small-Scale Industries Devdopment Organization 
Tanzania Agricultural M<t.-:hinery Testing Union 
Tanzanian African Natioradl Union 
Ubungo Farm Implements Limited 
United Nations Educational. Scientific and Cllltural Organization 

Technical abbreviations O:!'d symbols 

(with approximate metric equirnlems) 

British Standard 
diameter pitch 
external overhead transport 
foot (I ft = 30.5 cm) 
British lmpe~!:\I galion (I gal (Imp) = .:t.546 litres) 
United States gallon ~ l gal (US) = 3. 785 litres) 
gallon (Imperial) per hour 
horsepower (I hp = 7 46 W) 
high-speed steel 
inch (I in. = 2.54 cm) 
pound ( 1 lb = 0.4536 kg) 
left hand 
mile per hour (I mile = 1.609 k'.n) 
mild steel 
pound per square inch (I psi = <UJ69 bar) 
poY. ~r take-off 
research and development 
right hand 
revolution per minute 
standard wire gauge 
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The concept of appropriate teclmology l\'clS i·ieu·ed as hei11g the 
tech11ology mix comrihuting mo.w to t'e<momic. socia! and em·ironmeme1l 
ohjectin'5, i11 relatio11 to resouret' oulmnnems and conditions of applica
tion in et1ch coulltr_r. Appropriate tt•clmology u·as stre.ued e1s being e1 
dy11t1mic mu/ jlt>.rthle nmcept. 1d1ich mu.'it he re.'ipo11.,.i1·e to n1ryi11g 
conditiom and cha11gi11g sitllalimn in dijferem cowllrie:;. 

It 1rns comidered that. u·irh 1\'idely di•·ergem conclitiom· . .- dtTefoping 
cotmtries. no single pattern of teclmology or teciuu1!1 >git•s n.11/d ht• con
sitiert•d as bt1in,~ appropr.icllt'. and that a hro, ' .• pectr:m1 of teclmologics 
should he ext1mim•d and applied. An importam m·erall ohJt'ctin• c:r 
appropriate teclmologirnl choice 1roulcl he the achi1.:n'111elll of greater 
technological self-reliance and increased domt•stic tt•clmo/ogirnl capa
hility, together n·irh fulfilmem of otha dt•i·elopmelllal goals. ft n·as 1wtt•d 
that, in most clerc!1 Jpi11g cotmtries, a major dei·elopmt'lll ohjectin• n·m tn 
prm·icle adeqtwl<' employmelll oppommities and flllfilmelll of hcnic 
socio-economic needs of rhe poorer cm111111111itie .... mostly n•sidc·m in rural 
areas. At the same tim<'. smm• dt'\'eloping cot;mrit•.,. u·en· faced u·irlt 
considerah/e s:,orrage of nwnpmi·er n•sources; in some other cast's. 
greater emphasis n·as esselllial in areas <if urhan- cm1Cl'lllratio11. Tltc• 
appropriatt' pattern of tt'Cltnological choice and application 1nmld m•ed 
to he determined in the colllex1 of .mcio-ecmwmic ohjl'<'til·es and a gin·n 
set of circllmstances. The sdection and applicatio1• of appropriale teclmo
logy wo•1ld, tht•rt•fon>, imply t!u• 11se OJ hot It le rge-scale tecluwlogies 
a11d lmr-cosl small-srn!l' technologu•s dependenr 011 ohjectfrt•s in a git·en 
set of circumstcmce.'i. 

Rc.:port of the: Ministerial-level Meeting. Interna
tional rorum on Appropriate Industrial Technology 
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Foreword 
As part of its effort to foster the rapid industrialization of developing 

countries. the United Nations Industrial Development Orga;i!zation (UNIDO). 
since its inception in 196 7. has been concerned with the gea1eral prohlem of 
developing and transferring industrial technology. The Second General 
Conference of UNIDO. held 3t Lima. Peru, in March 19·, 5. gaw UNIDO the 
specific mandate to deal in depth with the subject of appropriate industrial 
technology. Accordingly, UNIDO has initiated a concerted effort to develop a 
set of measures to promote the choice and application f•f appropriate technolog) 
in developing countries. 

Approp
0

riate indu~trial technology "hould n0t be isolated from the general 
c!evelopment objective of rapid and hroau-hased industrial growth. it is 
necessary to focus attention on basic industrial deveiopmcnt strategies and 
derive from them che appropriate technology puth that has to be taken. 

The Lima target which, expressed in quantitative terms. is a 25 per cent 
share of world industrial production for the developing countries hy the year 
2000, ha:; qualitative implications as well. These com!Jrise three essential 
elements: fulfilling be.sic socio-economic n~eds, en;;:uring maximum 
development of human resources. and achieving greater social ~:.istice through 
more equitable income distribution. Rapid industrialization docs not conflict with 
these aspirations; on the contrary. it is a prerequisite to realizing them. But, in 
questioning l;.... ba..,ic aims of developmeall. we also que~;tion the ~asic 

strucf.urc of industrial growth anc' the technology p'1L!erns it implies. 

Furthermore. it is easy tG see that the ~tructurc of industrial growth that 
should he envisaged and the corresponding structure of technology flows should 
be diHercnt from what :hey arc today; a fresh approach is called for. This docs 
not mean that the flow o1 technology to the modem sector and the applicati~m of 
adnnced technologies are unnecessary. On the contrary, it is essential to 
upgrade thr technology base in general, and it !s obvious that to provide hasic 
goods and service~. there arc sectors of industry where advanced or impnwcd 
technology is clearly necessar:1. It would be difficult to envisage a situation 
where the dynamic influence of modern technology is no longer availahle for 
industrial growth and development in general. However, an examination of the 
basic aims of inc!ustrial development leads to the conclusion that there must he 
greater decentralization of industry and reorientation of 'Lne design and structure 
of production. 

Such decentralized industry in the developing cnuntries calls for 
technologies and policy mc:asurcs that oHen have to be different from those 
(~:signed for the production of items for a c!'fferent environment, that of the 
developed countries. As a result, there i'.; a two-fold, or dualistii::, approach to 
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an industrial strategy. Morever. the two elements in such an indus~rial .·;trategy 
need to he not oniy inierrdaicu hui ai~u i11kgrakJ. 

In approaching the question of appropriate industrial technology from an 
examination of basic development needs. a mechanism is necessary to link and 
integrate appropriate industrial technology to the overall development process. 
Through s1.1ch a process the concept of appropr:atc industrial technol·,gy could 
~ placed in the mainstream of the industrial development effort. 

It is hopt.c that these rr.onographs will provide a hasis for ~• hetter 
understanding of the concept and use of appropriate industrial technology and 
therehy contrihute to increased co-operati_on hetween developing and 
develor~d countries and among the developing countries themselves. 

It is ali;o h<'ped that the various programmes of action contained in the 
monograpi1s will he considered net only by the forthcoming meetings of the 
United Nations Conference of Science and Technology for Development and 
UNIDO III but also bJ interested persons working at the intci lace over the 
commg years. 
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Abd-EI Rahman Khane 
1:·xecwin· /)irnror 



Preface 
To focus attention on issues involved in choosing and applying appropriate 

ter•mology. UNIDO organized the International Forum on Appropriate 
Industrial Technology. The Forum was held in two parts: a 
technical/official-level meeting frnm 20 to 2-t November 1978 at New Delhi and 
a ministerial-level meetin_s from 28 to 30 November 1978 at Anand. India. 

In response to a recommendation of the ministerial-level meeting. UNI DO. 
with the help of a generous contribution by the Swedish International 
Devek,pment Authority. i~ publishing this series of monographs based mainly 
on documents prepared kH the technical/official-level meeting. There is a 
monograph for each of the thirteen Working Groups into which the meeting was 
divided: one on the conceptual ··-id policy framework for appropriate industrial 
technology and twelve on the following industrial sectors: 

Low-cost transport for rural an.~as 
Paper products and small pulp mills 
Agricultural machinery and implements 
Energy for rural requirements 
Textiles 
Food storage and processing 
Sugar 
Oils and fats 
Drugs and pharmaceuticals 
Light industries and rural workshops 
Cof' >truction and building materials 
Basic industries 

The monograph on the conceptual and policy framework for appropriate 
industrial technology also includes the basic part of the report of the 
ministerial-level meeting and S1lme papers which were prepared for the Second 
( 'onsultativc Group on Appropriate Industrial Technology. whicn met at 
Vienna. 26-29 June 1978. 
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PART ONE 

Issues and considerations 
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Note by the secretariat of UNIDO 

INTRODUCTION 

World trade in agri·:ultural machinery and the closely amed subgroups 
represents one fifth of the total trade described under the brnad classification 
.. machinery n1Jn-electric". Trade has more than quadrupled !n value during the 
period 1967-1975, growing from $4,581 million in 1967 h> $19,210 million in 
1975. Impor!s of agricultural machinery and pumps into developing countries 
accounted for 26 and 34 per cent, respectively, of total world trade in these two 
sectors. Statisiical returns since 1974 have indicated a marked increase in the 
share of world trade accounted for by imports of agricultural machinery and 
allied subgroups into the developing countries. Ir. addition to trade that 
originated in the principal exporting countries and which i~ reported in 
international statistics, there are imports of agricultural hand tools, 
animal-drawn equipment, simple machinery and specialized power-operated 
machinery that are not reported, as welt a~ internal trade from the ma::mfacture 
of agrkultural machinery for local use. 

Projections up to the year 2000 require that the rate of growth be 
increased, the possibility of which has been demonstrated thrcugh the 
intensification of crop production by increasing the energy inputs into 
agricultural development. If inputs of mechanical power were to be raised to a 
modest level of intensification of 0.375 kW /ha, it would mean doubling existing 
power inputs in Asia and Latin America and increasing them tenfold in Africa. 

The growing requirements for foreign exchange to pay for imports of 
agricultural machinery makes local manufacture a necessity. It is, however, 
more important that, in predominantly agricultural countries, there be a balance 
between industrial and agricultural development; that is, ~he pattern of 
industrial development should be in close support of the agricultural 
development, and vice versa, in any given country. 

Broadly speaking, there are four categories of farm machinery, which fit 
r~cognizable patterns of farm mechanization and which require different levels 
of manufacturing skills. They are: 

(a) Implements and tools that are simple to manufacture ano operate. 
Hand tools, animal-drawn machines and simple processing equipment are in 
strong demand in most countries. The manufacture of such equipment, either in 
traditional or improved form, is dominated by small to medium-scale p1 oduction 
units, using mainly simple forgine, welding and drilling .facilities; 

(b) Intermediate equipment. Improved designs in pk,ughs and harrows to 
speed cultivation, weeders and sprayers, pumps and appropriate irrigation 
equipment, and trailers for transport are required for the intensificati"n of 
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cropping. The manufacture of such machines is dominated hy mcdium-sizcJ 
¥.(1rkshop:; wi:h machining. forgin;; ~md ~¥e!d!ng foc:~!t!e~. M<lnufacturers of such 
machinery need well-proved destt;ns and access to a supply of suitable castings. 
hearings and various grades of steel: 

(c) Power-operated machinery. Tractors. power tiller~. threshers and 
dryers. as well as more complex pumping equipment are n:cessary to meet the 
timely requirements of cultivation. planting and harvesting. especially where 
multiple cropping is practised. The manufacture of such machinery. which is 
dominated by large centralized factories. requires ar. adequate infrastructure in 
the metallurgical and capital goods industry such as foundries. forging. he:!t 
treatment. precision machining and quality control facilities; 

(d) Specialized m<tchine~'- Self-propelled Jiarvesting machinery and crop 
prucessing equipment with a high potential for saving ldbour !s used in the 
advanced stage of farm mechanization. The production of such machines needs 
a skilled metallurgical industry. high capital goods productmn facilities and 
wcll-develnped design and engineering capabilities. Machinery for land 
development also falls into this category. 

The share of developing countri~s in the world production of agricultural 
machinery varies according to the types of equipment considered. It ranges from 
90 per cent of hand tools to 20 per cent for simple tractor-drawn machines and 
IO per cent of tractors to a ~ery small figure for the more elaborate machinery. 
Overall. the proportio!l is estimated to be about 5 per cent. The policy planning 
and promotional aspects of the agricultural machinery industry must be assessed 
country by country and region by region. grouping countries. where possible. 
into those with similar soils and climatic conditions and perhaps other common 
~~ricultural factors such as ~;-nilarity of crops. In the tropics. the identification of 
common problems. the sharing of experience between countries relating to the 
production and use of specialized machinery. the adaptation of machinery on a 
1 egional or subregional basis and the role of research and development (R and 
D) institutes. must be considered. 

I. OBJECTIVES 

As the agricultural machinery and implements industry deals with a large 
variety of products, from hand tools, animal-drawn implements. hand-operated 
machines. irrigation equipment and crop protection machinery to 
power-operated machinery and equipment. such as tractors. power tillers. 
engines. harvesters and threshers. the problems of the industry and the policy 
objectives for the development of this sector vary in nature and magnitude. The 
industry covers a wide spectrum of technology from small-scale workshops to 
transnational corporations. It involves the metal working and metallurgical 
sectors and the automotive and electrical engineering sectors at different levels 
of product ranges. 

In the context of the decentralization of industry and examining alternative 
technologies with socio-economic benefits in the field of agricultural machinery 
and equipment, the following would he the objectives: 
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(a) To on.wide a:' industrial input to modernize and mechanize agricultural 
productivity and production; 

(b) To reduce human drud6ery by making tools and implements available 
to replac~ human labour in agricultural production and farm work: 

(c) To attain self-sufficiency in food crops and agricultural raw materials 
for processing industries: 

(cl) To de'lelop dt:sign and engineering ~apabilities with a view to 
promoting the commercial manufacture of agricultural tools, equipment and 
machinery suited to small- and medium-sized farms; 

(e) To facilitate greater dispersal of industnal growth to less developed and 
rural areas by developing rural industric4i to produce agricultural tools. 
equipment and machinery; 

(f) To generate ~mployment in the manufaccure of tools and equipment 
and also in activities resulting from intensive an<! extensive cultivation and 
increased agricultural jJroduction; 

(g) To develop national technological capabilities in design and 
engir.eering and the manufacture of prototype equipment to meet local 
manufacturing conditions; 

(h) To exchange information on farm mechanization programmes and 
selected technological developments in the fie lei of agricultucal machinery, 
implements and tools. 

II. REVIEW OF ALTERNATIVE TECHNOLOGY 

Alternative agrimltural mechanization systems 

Trends in agricultural mechanization 

In general, the trends of agricultural mechanization seem to be highly 
complex. The various patterns of simple and sophisticated trends in 
mechanization, those usually practised both in the developed and the developing 
worlds, postulate that the sta~es of agricultural mechanization could be 
considered a system of technological levels. 

During the last two decades the developing countries have devoted 
attention to the mechanization and reorientation of farming ~ystems, 

considering the relative costs of mac!lincry, equipment, labour and other 
relevant factors. It is estimated that about 60 per cent of th~ agricultural 
producers in developing countries are users of traditional hand ~ools and simple 
animal-drawn equipment. In vast areas, the cultivation 0i crops depends 
primarily on seasonal rainfall. The cultiva:ion techniques rJre t)ft'!n based on 
traditional methods. To a gr~at extent, agricultural tools ace modified to meet 
traditional demands. The ove;all trend in mechanizati<Jn in the developing 
countries can therefore be divided into three distinct trchnological levels: 

Level 1: the manual and animal-draught system 

Farming is carried out with a wide variety of tr.iditionally designed hand 
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tools such as shovels. spades. spading forks. digging hooks 3nd hoes. and 
<l. iim::ll-cirawn a'!ricultural imolements and allied simole eauioment. 

Ii,,; II • "' .. 

Lei· el 11: the mired mechani::.ation s.ntem 

Farmers partl~· use hand tools and partly a combination of animal-drawn 
equipment and walkin~-type, power-driven equipment such as animal-drawn 
cultivators and ridgers a11d simple walking-type power-driven tillers. Sometimes 
a mixed use of small tractors with subsequent operations with hand tools is also 
found. 

Le1:e/ I l I: the advanced mechani:.ation systems 

Farming is carried out with advanced power-driven machinery. such as 
tractors of up to 70 hp (53 KW) with associated equipment such as 2- llf 

3-furrow disc ploL ~hs, ti!lers with 9 and 11 tines, tiller seeding and attachments. 
paddy disc harrows, offset disc harrows, subsoilers. multipurpose blade 
terracers. reversible ploughs, ridgers and mounted disc harrows. The combine 
harvester is seldom used. 

Although great efforts have been made b) many developing countrie~ to 
produce modern farming equipment, mec'lanizable forms of agriculture are 
L mited in many of them by geographical, climatic, environmental and agrarian 
constraints and socio-economic factors. 

Mechanization policy at the farm level 
In farms below 2 ha, where farming is carried out in a traditional way. using 

hand tools and animal-drawn equipment with little or no purchase of inputs of 
level I, the mechanization policy should be based on: 

Improved supplies of high-yield seeds and fertilizers anc single or double 
cropping; 

High-quality hand tools such as spades, spading forks. digging hooks and 
hoes, shovels, plClughs and single wheel hoes; 

Animal-drawn ridgers, cultivator ploughs and seed drills; 
Low-cost simple power tillers; 
Effective irrigation and water supply by means of windmills with up to 5 ft 
( 1.5 m) lift or small electric or diesel pumps of up to 15 ft (4.5 m) iift; 

Hand-drills, sickks, scythes, forks, and rakes; 

Hand-operated threshers, crushers etc.; 
Storage bins of up to 3 t capacity. 
In medium farms of 2 to 5 ha where farming is done with either 

animal-drawn implements or small tractor-drawn equipment (lt>vel II). the 
mechanization policy should be broadly based on: 

high-yield seeds and fertilizers for double and multiple cropping; 
Mechanically powered 5 to 8 hp (3.5 to 6 kW) power tillers and small 
riding tractors of 15 to 18 hp (12 to 16 kW); 
Animal-drawn implements or tractor-drawn implements up to 18 hp ( 14 
kW); 
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Animal or mechanically po" e1ed drillers and seed distributors: 
l:Jtective irrigation water supply through diesel or electric pumps up to 6 hp 
(4.5 kW): 

Mechanically powered er animal-drawn harvesters: 
Animal or mechanicaHy powered crushers. shellers. threshers etc.: 

Storage bins of up to 5 t capacity. 

Farms over 5 ha in area are regarded as large. and the mechanization policy 
for them wou~d be based more on the application of mechanically powl·red 
equip:"'.lent and implements (level III). The elements for consideration are as 
follows: 

Application of seed irrigation fertilizer technology. with multiple cropping: 
Application of m\!chanized cultivation based on conventional four-wheel 
t~ar;tors with a cap3city of 15 to 40 hp ( 12 to 30 kW) having power take off 
(PTO) attachments to suit the following: 
Disc plough: 2- and 3-furrow, 26 in. (66 cm) diamet~r disc. 3/ 16 in .. 3 cm) 
thick; 

Mould-board ploughs: 2- and 3-furrow. fitted with disc coulters and 
skimmers; 

9- and I I-tine tiller shovels capable of tilling to 9 in. (22 cm): 
"!iller seeding attachment; 

Paddy disc attachment; 
Off-set disc harrow; 

Sub-soilers etc.; 
Applications of drillers and distributors: 

Effective inigation water supply by diesel or dectric pumps over 6 hp 
(4.5 kW). The water supply to te obtained from the national irrigation 
channel or network; 

Power-driven crop protection equipment; 

Power-driven combine harvester 7-15 ft (2-4 m); 

Power-driven cleaner, thresher, dryer; 
Storage silos, 10 to 1,000 t. 

To provide adequate quantities of appropriate tools and equipmen: to these 
farms in developing countries, a wide range of simple and low-cost powe1-driven 
equipment is needed that can be produced in the rural industries or ~ven at the 
small-scale l'r 2'rtisan level. 

The developing countries in tropical areas are traditional users of hand 
tools and tillage equipment. Many of these types of equipment are designed 
locally with traditional me~!aods and technical ~.kills; their application also varies 
from country to country. 

Overall national mechanization policies should be based on achieving a 
gradual transition in an optimum way so that it would take place at the 
appropriate level of mechanization, which mainly depends on energy sources, 
farm size, the skills and actitudes of the farmers, access to credit, m:irkets, and 
effectiveness of the extension services. Therefore, the trend of me ;hanization 
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st.oulJ he a gradual development from manual farming hl rJanuai and 
dfiimal-assist~d farming ~:1d frcm :?n!ma~- und P'-~wer-a~~i~ted farmiflg t<l 

po-.\·er-as!-.isted farming. 

Alternative technolog1~ in the production oi equipment 

There is a relati,·e change in the pattern of technology at various scalt.--s of 
manufacturing, which i:-. greatly influenced by the product m.mufacturcc. its 
production volume. its method of productior. and the sizes of the manufacturing 
cnterpri~es. The present sizes of the agr!cultural machinery manufacturing units 
oherved in the developing rountries are as follows: 

Family-type. worker-owner enterprises employing 1-.5 persons: 

Small-scale enterpri~es employing 15-100 person'-:; 

Medium- and large-scale enterprises employing more tt1an l 00 persons. 

In units of the first category, agricultural equipment is ma·mfa..:tured 
manually. seldom with the applicati~ln of power tools or machinery. The 
products C!!'e simple agricultural hand tools. hand-operated implemef'ts and 
selected animal-drawn implements. The small manufacturing units are mostly 
scattered throughout village and urban areas. 

In the second category. small-scale enterprises. the manufacture of 
agricultural equipment :s carried out mechanically on a production line basis. 
The products are animal-drawn impkments. medium- or large-volume hand 
tools. and selected agricultural equipn;.:nt such as pumps. crop protection 
equipment. a1.d sprayers. -,-hese small plants arc normally situated in urban 
areas. in t:-te industrial estates of specific rural areas. but seldom in the 
countryside. 

In the third category. medium- and large-scale industries. the ma11ufacture 
of agricultural machinery and '!quiµment is carried out by means of 
conventional. semi-auiomatic. i!Utomatic and special-purpose machine tools 
depending on the volume of production. the degree of precision required and 
th~ magnitude of i'lvcstment. The products manufactured are powered 
agr~cultural combination machines such as tractors. tillers. ploughs. power 
tillers, disc ploughs. pumps, sprayers and integrated storage syste111s. The 
medium- and large-sized plants or complexes arc mostly situated in urban, or 
rural-urban border areas, or in industrial estates. 

Ill. IYPl<.:AL tEVELS OF PRODUCTION OF AG RI CULTURAL 
MACHINERY 

The manufacture of agricultural machinery in the developing countries. 
including the least-developed ones, also operates at various technological levels. 
The three principal levels and the facilities that exist within their plants arc 
described below. 

-----·· - .. 
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lmlustries at tedmology /e,·e/ I-tire family-opermed system 
These production unit:· normally npt.!ratc on the family. artisan or 

worker-owner basis. Small workshops arc scattered •hroughout the rural and 
urban areas of most developing countries. The owners arc usually local 
blacksmiths who produce simple hand and animal-drawn implements for local 
fa1 mers. A number llf Governments in Africa. Asia. Latin America and the 
Middle East have given priority to ~his sector in their national development 
plans. 

Industries at ted"~ology lei·e/ ll-small-srnle industries 
Between 40 and 50 d~veloping countries are engaged in manufacturing 

agr ;cultural mach!nery and implements of this level. Most of these industries arc 
situated in urban areas in rural/urban border areas and in industrial estates. 

The number oi such enterprises is ir.creasing. Furthermore, in urban areas. 
there is a definite l:"~nd towards family units at technology level I which would 
be abk, with goverr.ment assistance, to expand their activities and become 
small-scale units at technology level II. This development is very common in 
some crn•ntries of Asia. Latin America and the Middle East. 

Industries at technology /e1:e/ Ill-large- and medium-s~·J/e industries 

Between 20 and 25 developing countries arc engaged in manufacturing 
agricultural machinery and implements on this level. Most of these large 
industries and complexes are situated in or near urban arc~s or in industrial 
estates. 

Thus it can be i;een that there arc vast gaps between the three technological 
levels of manufacturing industries for agricultural machinery. equipment and 
tools in the developing countries. To scme extent. it is possible to improve the 
levels of technology. For example, with large inputs of capital, management and 
marketing, improvements in the technology fro~ level II to level Ill could be 
achieved. First, however, it will be neces~ary for the developing countries to 
modernize their existing industries operating at level I by improving the skills 
and efficiency of the producers and the quality of their products 

The present probi·"!ms and future trend§ of establisf menl4i at technology lel'el I 

The establishments engaged in manufacturing hand tools and simple 
implements as described in technology level I exist in greater number in all of 
the major developing and least developed countries. In most cases they work 
under great handicaps, some of which are: 

(a) Inadequate finance and unstable markets; 

(h) Lack of low-cost improved produ~tion facilities; 
(c) Lack of improved designs; 

(d) Lack of suitable material'\. particularly high-carbon steel and 
hardware; 

(ej I .ack of suitahlc machinery and equipment. and heat-treatmc.nt 
facilities; 
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([) Lack of suitable production technologies. 

in order to improve this sector. the foiiowing points need speciai 
consideration: 

(a) Bulk purchase of raw materials and subsequent distribution at reduced 
pnces: 

(b) Financial assistance through credit for purchase of raw materials and 
m• ;iinery based on an intermediate level of technology; 

(c) Supply of low-cost water and electrical power; 

(d) Introdu~tion of product mix operations; 

(e) Supply of improved designs. 

(/) Intensification of training fac!lities. 

It would be desirable for the relevant governmental and international 
institutions to offer adequate technical and financial assistance to this sector in 
order to maintain its steady growth and generate employment. 

The present problems and future trends of small, medium- and large-scale 
industries at technology levels II and III 

The problems encountered in industries manufacturing agricultural 
machinery and equipment at technology levels II and III are somewhat 
different. The main problems can be summarized as follows: 

(a) Lack of sufficient internal markets and export outlets; 

(b) Lack of suitable designs. In many cases those supplied by foreign 
collaborators need modification for local use; 

(c) Uncertainties in supply of spare parts, which often lead to machine 
breakdowns and plant stoppages; 

(d) Higher production costs caused by low productivity; 

(e) Increasing prices of raw materials; 

([) Lack of technical personnel at the middle managemer.t level; 

(g) Lack of training facilities, particularly at the operator level; 

(h) Insufficient working capital; 

(i) Substitution oi 'ligh-quality parts with lower-quality ones to save 
money. This is false economy and reduces customer satisfaction. 

There is no overall solution to these problems. Individual agricultural 
machinery manufacturing units must analyse all of the major problems that 
hinder their production. Financial demands could be met through V<!rious 
institutional facilities available at national, regional or even international levels, 
but it would be more important to invest adequate funds i11 training and 
maintenance. Owing to import restrictions, many developing countries and 
particularly those in Asia, Latin America ar.d the Middle Ea::!. have inherent 
demands for domestically produced agricultural machinery. Eventually, 
equipment manufactured locally shculd conform to accepted quality and price 
requirements. 
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IV. Policy 

It is necessary for each national Government to define an agricultural 
mechanization plan and programme: the elements of technological development 
should be a part of the national technology development plan. In the 
development of such a plan. the following policy aspec:s may be given due 
consideration: 

(a) The promotion of appropriate farm mechanization and the review of 
long-term trends in relation to producticn: 

(b) The promotion and co-ordination, at the national level. of the 
development and manufacture of srr .... 11- and medium-size agricultural machines 
and tools; 

(c) The study of problems as ;ociateti \Vith providing credit, training. repair 
and maintenance, organization and serv1..-e facilities for farm mechanization. 

Since R and D, as well rs design and engineering capabilities. cannot be 
developed by small- and medium-scale manufacturing units, it becomes the 
responsibility of the Government to establish or strengthr.n a national 
agricultural machinery development institute that should have the following 
functions: 

(a) Testing and evaluation; 

(b) Design and development; 

( c) Fabrication of prototype equipment to meet local man:-facturing 
conditions; 

(d) Selection, evaluation and supply of suitable designs and prototypes of 
appropriate. machinery; 

(e) Adar tive R and D of machinery for local manufacture; 

(f) Promotion of local manufacture of appropriate agricultural machinery. 
tools and equipment; 

(g) Serving as a clearing house for the collecti"'l, analysis and 
dissemination of information; 

(h) Organization of training programmes. 

In order that these activities may be co-ordinated, it is suggested that a 
suitable linkage be established with the relevant Government departments and 
organizations. 

At the regiona! level, a co-ordir.ating focal point with suitable linkages 
could he established for regional institutes on the lines of a network. The 
regiona: network for agricultural machinery established at Los Banos in the 
Philippines is an example of this. 

In the exercise of regulatory measures by the Government, financial and 
credit policies should be reviewed so that the production programmes will meet 
policy requirements, and the production of equipment not included in the 
national technology de·1elopm~nt plan will be discouraged. Standardization and 
the enforcement of quality control would also ~ecome the responsibility of the 
national Government. The enforcement of the use of test codes for various types 
of equipment and also for testing and certification is important. 
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V. Roi~ of international co-operation 

The tech110logical :1spects in which international co-operation would he 
required are in strengthening tht: capabilities of national institutes to test. 
evaluate. design. develop am~ fabricate prototype equipment to suit local 
manufacturing conditions and to establish app:-opriate methods for testing c..nd 
evaluation. Such co-operation may also he'p to build up their capability to select 
and evaluate suitable d~signs and to analyse protutype prnduct performance. 

Also the R and D capabilities of the national ins~~tutes could he 
strengthened through the provision of consultancy service~ •. traini;ig fatirties 
and available designs and prototypes of the required agricultural machin'-s :rn<l 
tools. 

The developed countries and their institutional and manufacturing ogencics 
might assist i!", the development of specific items of equipment such as walKing 
trcctors. low-cost riding tractors, transportation equ:pment and simple engines 
suitable for use in developing countries. 

The developed countries could also consider allocating resources for the 
promotion of design ar.d ergineering capa:>ilities and product development in 
the developing countries. They could ~ssist in the establishm .... nt of pilot and 
demonstration units for the s~nall- and medium-scale pnx!uction of equiprrient 
and eventually in the estal:1tishment of commercial manufacturing units. 

Within ta e framewor!·: of the national agricultural machinery development 
plan, international co-operation could also take the form of assistan.:e to the 
developing countries to develop local manufacturing programme~ through 
licensin~. starting with assembly and moving on to a progressive increase in the 
domestic production of components. Such measures would call ;or the 
development of local supporting industries such as foundries. forges and gear 
plants to bring about technology transfer including training. management and 
adaptation of technology tc suit local conditions. 

The dissemination of Rand D, new desi~n and engineering developments, 
prototypes, farm mechanization policies and the exchange of experiences would 
be extremely useful to the manufacturing units in developing countries. 

The establishment of decentralized repair and mainlenance service 
facilities, with appropriate training facilities and extension services, would also 
fall into the domain of international co-operation. The developed countries and 
their institutions could assist both technically and financially in this respect so as 
to be consonant with the social and cultural values of the developing countries. 



. .. . . .. . . . 

Report of the Working Group 

There is considerable diversity between various developing countries as to 
the level of mechanization that ~an be appropriately ;ntroduced. Conditions 
such ?.S crops. agricultural practices. sizes of farms, populction densities. levels 
of emp;oyment. wage structure, industrial development. and the time frame for 
mechaniza1.ion are all important and will dictate the level of mechanizati:m. It is 
also accepted that most developing countries will have mixed levels of 
mechanization technologies for a long tim~. A judicious upgrading of the 
technology for mechanization is ~~erefore necessary to increase food production 
and achieve socio-economic goals. 

Thus for each country the appropriate mechanization technology mix wiil 
have to be arrived at keeping in mind the prevaili:ig economic. human and social 
co!lstraints and the necessity to incorporate available sources of energy. In most 
developing countries, farms can be broadly categorized in three groups 
according to size: small, medium and large. Appropriate mechanization 
strategies will have to be applied for each group. 

The overall trends in ml!Ch<. ,ization in developing countries can be divided 
into three distinct leveis. 

Level I: Manual systems; where farming is carried out with traditionally 
designed hand tools, for example, shovels, sr .des, fork:.;, hoes, ~ickles etc. 

Level Ii: MiJ<;;d mechanization systems; where farmers partly use 
hand-operated tools and partly a c0mbination of animal-drawn equipment and 
walking-typ~ power-operated equipment, for example, animal-drawn 
cutt! vators, animal-drawn ridger~ and simple walking-type power til!.:rs. 
Sometimes .~mall tractors supplemented hy hand tools are also used. 

Lel'el Ill: Advanced mechanization systems where forming is carri~d out 
with advanced power-operated machinery, such as large tractors with associated 
equipment. 

MANUFACTURE 01'' AGRICULTURAL MACHINERY AND 
IMPl .. EMENTS 

I. Product groups 

The agricultural machinery appropriate.: f1}r a country must he compatible 
with its political, economic, agricuhural and indu~:trial systems. Broadly 
speaking there arc four categories of farm m<J.chincry, which conform to 
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recognizable patterns of farm me<.:hanization and require different levels of 
manufacturing skill. The four categories are as t~iiiows: 

(a) !mplemeflls that are simple to manufacmre and operate 

Hand tools. animal-drawn machines and simple processing equipment. 
Manufacture of such equipment. either in traditional or improved form. is 
dominated by artisan level to small and medium production units. using mainly 
simple forging. welding and drilling facilities. 

(h) Imermediate machinery that is relati\·ely easy to manufacwre and operate 

Better ploughs and harrows to give quicker cultivation. weeders and 
sprayers to control pests and dise:lse. pumps and appropriate irrigation 
equipment. simple threshers and dryers for grain processing. trailers for 
transport etc. Manufacture of such machines is dominated by small- and 
m\.!dium-sized workshops with machining, forging and welding facilities. 
Manufacturers of such machinery need well-proven designs ah· access to a 
suppiy of suitable castings, bearings and steels. 

( c) Pmvered m~chinery that requires a higher degree of manufacturing technology 

Simple and low-cost tractors, power tillers as well as more complex 
pumping equipment necessary to meet the time requirements of cultivation, 
planting and harvesting, especially where multiple cropping is practised. 
Manufactu1p of such e;uipment, which is dominated by large centralized 
factories, i·equires an adequate infrastructure in the metallurgical and capital 
goods industry, such as foundries, ~c"rging, heat treatment, precision machining 
and quality control. There is scope for multinational, regional and subregional 
co-operation in the manufacturt of powered machinery. 

( d) Tractors, engines and allied machinery that require a relatively higher degree 
of manufacturing technology 

Medium and large tractors, self-propelled harvesting machinery and crop 
proct ssing equipment with a high potential for saving labour and avviding 
losses. Production of su·.·:1 machines needs a skillec metallurgical industry, 
hig11-capital production facilities and good capability in Rand D. Machinery for 
land development is also in this category. There is scope for increased 
multinational, regional and subregionai co-operation in this area. 

II. Future trends in developing countries 

The folio ing arc the trends in agricultural machinery application and local 
manufacture in developing countries. 

The least developed among the developing countries will emphasize 
products which will involve small-scale production and intermediate technology. 
They will give more emphasis to local production of hand tools, simple 
hand-operated machines and ;:nimal-drawn implements. There will be more 
flow of information and assista11ce from more developed countries among the 
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developing to the least developed countries in the manufacture of these items. ·~s 
most of the industrialized countries have discontinued hand-operated machines 
and animal-drawn equipment. Such countries will continue to import tractors. 
engines. pumps and power equipment on a limited scale. 

In the middle group of developing countries. in addition to hand tools. 
hand-operated machines and improved animal-drawn implements. there will be 
emphasis on the local manufacture of certain tractor-drawn simple implements. 
irrigation pumps, power threshers. small engines and selected crop protection 
equipment. Import of tractors and other power equipment will be continued. 
Countries will look for foreign collaboration in the manufacture of small engines 
and in some cases. of pumps. Countries will emphasize improvement of the 
existing metal working industry and a diversified production programme for 
agricultural machinery and implements produccion. They will continue to import 
steels. t:10ugh small foundries will be set up for iron casting. They will also 
emphasize developr.1ent. adaptation, and prototy~e manufacture of 
hand-operated machinery and animal-drawn as well as simple tractor-drawn 
implements. They will encourage co-operative usage a11d hiring stations for 
tractors and power machinery. emphasize establishment of repair and 
maintenance workshops, mobile servicing units _nd training of mechanics. 

In the more developed among the developing countries emphasis will be 
given to local assembly and manufacture of a full range of agricultural 
machinery and implements including tractors. Combine harvesters. balers. 
mowers and hay conditioners, if required in small numbers, may continue to be 
imported. Due to the increased demand, these countries will emphasize 
expansion of production to pumps, small engines, crop-protection equipment 
and tractor-drawn implements. In addition to expanding production volumes of 
tractor-drawn implements such as cultivators, harrows and mould-hoard 
ploughs, emphasis will be given to manufacture ot disc-ploughs. multi-seed drills 
and fertilizer distributors. row crop planters and specialized equipment for 
selected crops. and seed treaters, dryus as well as storage hins and 
grain-handling equipment and trailers. Although medium and large four-wheel 
standard tractors will generally be assembled and manufactured with foreign 
collaboration, serious attention will also be given to the development and 
identificat:on of small low-cost tractors for local manufacture. Certain selected 
countries will also introduce local manufacture of combine harvesters. 

Ill. Levels of technology and production 

Considering alternative technologies in production of farm equipment, 
the1 e is a relative change in the pattern of technology at various scales ot 
manufacturing which is greatly influenced by the product manufactured and 
volume of the product. Present sizes of the agricultural machinery 
manufacturing units observed in the developed countries arc: 

First level: family type of ownership units 

Manufacture of agricultural equipment is carried out in traditional 
family-type units hy manual operation seldom using power. Products 
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manufactured are simple agricultural hand tools, hand-operated implements 
and seleclcd animai-drawn impiemenis. Esiaulishments are mostly scattered 
from urban to village level. 

Most of these units are small workshops scattered in the rural and urban 
areas of developing countries. Most of the owners are local b!acksmiths and 
produce simple hand and animal-drawn implements for the local farmers. A 
number of Governments in Africa. Asia, Latin America and the Middle East 
have given priority consideration to enlarging this sector by including them in 
their national development plans. 

Jn most cases however they suffer from great handicaps such as lack of 
finance. assured markets, power, proper design. suitable raw material. 
particularly high carbon steels etc. 

Second lei•el: small-scale industries 
Manufacture of agricultural equipment is carried out mechanically on a 

commercial basis and products manufactured are: animal-drawn impkments, 
medium or large volume hand tools, and selected agricultural equipment, mainly 
pumps, crop protection equipment etc. These small plants are situated in urban 
and semi-urban areas. 

Between 40-50 developing countries are engaged in manufacturing 
agricultural machinery and implements in industries of technology level II. 

An increasing number of industries at technology level II are coming up in 
developing countries. There is also the trend of family enterprises in urban areas 
(technology level I) to enlarge their activities and form small-scale industries at 
technology level II with governmental assistance. 

Third lt>vel: medium- and large-scale industries 

Manufacture is carried out by conventional, semi-automatic and special
purpose machine tools on a high-volume, high-precision and high-invest
ment basis. Products manufactured are engines and motors, tractors, 
power-tillers, pumps, sprayers etc. These ind:.stries are mostly situated in urban 
or semi-urban areas and in industrial estates. 

Between 20-25 developing countries are eng;:iged in manufacturing 
agricultural machinery and implements at this level. 

IV. Research and Development 

Development of agricultural machinery does not reflect their special 
relationship to total agricultural production. 

R and D work does not usually reach the farmc:rs. Market research, 
industrial extension and agricultural engineering extension links arc absent. 

Professional associations and societies in areas of agricultural machinery 
have been formed in some countries but arc in the formative stages. 



POLIOES AND PLANNING AT NATIONAL A~D 
REGIONAL LEVELS 

Within the framework of national development plans. and with due 
consideration to the allied agricultural development and industrialization plans. 
a national agricultural mechanization plan should be prepared. Socio-economic 
considerations should form the basis of such plans. The agricultural 
mechanization plan should be translated into viable agricultural machinery and 
implement development programmes on a short- and long-term hasis. It should 
consider national requirements and give due consideration to possible regional 
co-operation. 

In the formulation of the plan, the following areas should receive attention: 

(a) Appropriate farm mechanization and review of long-term trends in 
relation to production; 

(b) Programmes for development of trained manpower for R and D. 
manufacturing, repair and maintenance, operation and extension should be 
organized; 

(c) Local manufacture of agricultural machines and tools; 
( d) Development of supporting industries, such as foundries, forges. 

heat-treatment shC\ps and the promotion of integrated metallurgical and 
ancillary industries; 

(e) Problems of credit, training, repair and maintenance and service 
facilities fur farm equipment. 

Policy planning and implementation machinery for agricultural equipment 
should be established at the national level and should include ministries such as 
agriculture, industry, planning, finance, labour and employment and the 
research groups. 

In develo~ling country organizations, scientists and technicians working on 
appropriate technology should be freeiy permitted to exchange information, 
drawing~ ano experimental data. Governments of developing countries should 
not restrict this free flow of useful information between developing countries 
through enactment of laws and other restrictive regulations. 

National Governments should put more emphasis on education and expand 
it in rural areas, with special attention to technical education, with the objectives 
of raising the productivity of operators and technicians and of improving 
product quality so as lo work towards creating an i,.,dustrially-conscious rural 
community. 

Designs, testing and development centres at national and regional levels 
should be set up in close co-operation with agricultural institutions, and small 
and medium manufacturers, to inspire and guioe a continuing programme of 
work on the evaluation and production of the types of agricultural machines 
tailore~ for the specific conditions in any developing country. The objectives of 
such centres should be adaptation and transformation into manufacture and 
commercialization. 

Rationalization of manufacturing programmes, standardization, quality 
control and import substitution, enforcement of test codes, testing and 
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certification are important. Appropriate ;nstitutions should be strengthened or 
established. 

With reference to agricultural toois. manuaiiy upcrnh;d pmduc:s. 
animal-drawn implements and simple machinery. national Governments of 
developing countries should upgrade and install their own manufacturing so as 
to become self-sufficient on a priority basis. Manufacture should preferably be 
undertak~n in rural areas through rural artisans and small industries. 

Regarding intermediate types of agricultural machinery and implements. 
developing countries s:1ould be encouraged to adapt. develop and locally 
manufacture selected products with emphasis on co-operation among 
developing countries for technology transfer from the relatively more advanced 
developing countries. 

Regarding more sophisticated equipment such as tractors. engines and 
combine harvesters, Governments of developing countries and manufacturers. 
industrialized countries and selected developing countries should be encouraged 
to foster long-term arrangements to transform pure imports into phased local 
manufacture with emphasis on production technology, training. repair and 
maintenance under licensing agreements. 

Developing countries which propose taking up manufacture of 
S;.Jphisticated equipment may do so under arrangements ~-.1th some of the other 
developing countries which have already established the 11'.anufacture of similar 
products using technologies which may be more apprnpriate to developing 
countries. 

Developing countries should be assisted by the ! Jnited Nations Industrial 
Development Organization (UNIDO) through its aciivities such as the 
development and transfer of technology, the Industrial and Technological 
Information Bank (INTIB ), sectoral studies, technical assistance and above all 
the First Consultation Meeting on Agricultural Machinery. 15-19 October 
1979, Stresa, Italy. The objective of the consultation system is to pro!llote 
co-operation between developing and industrialized countries and among 
developing countries themselves. 

The need for development of agricultural machinery production would 
have to be assessed on a national as well as a regional basis. Countries having 
similar soil, climatic conditions and crops would greatly benefit through a 
common or complementary production programme. Identification of common 
problems, sharing of experience, adaptation of machinery on a regional or 
subregional basis and the role of R and D institutions, need to be considered. 

PROGRAMME OF ACTION 

Integrated programme at national levels 

Th~ Governments of developing countries should undertake an in-depth 
analysis of the options for agricultural mechanization an'1 formulate 
programmes for the development and manufacture of appropriate agricultural 
machinery and implements with due consideration to policy and planning, and 
to the financial, R and D, institutional, technological, manufacturing and service 
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levels. It is recommended that appropriate U nitcd Nation Agencies such as 
I INIOO thP FOIVi ~nti AorirnltnrP Oro!ln· _ !ltinn nf thP I lnitP.i N~tinn~ II=' AO\ - - --- -· ---- - --- -··- · -o··--··-·- -·o-·· ---·~·· ~· ···- -····-- · --·· ··- ,- · --r· 
and the International Labour Organisation (ILO) should consider preparing 
.. model case studies .. for the benefit of other developing countries. 

Manafadariag and promotion o' laud t~ allimal-dnmi implements and 
related machinery 

UNIDO should. through specific case studies in selected developing 
countries. develop manufacturing profiles and guidelines on development and 
.... -inufacture of simple agricultural tools and machinery. Based on past and 
present work. UNIDO should in co-operation with interested developing 
countries and industrialized countries establish rural pilot manufacturing plants 
in some least developed countries for local production of simple agricultural 
tools and impf ements. 

In the promotion of the above two activities. UNIDO should n.lt only make 
aware the following criterion .o the Governments of developing countries. but 
also incorporate it in the programme of action: 

(a) Manufacture of simple hand tools needs to be encouraged in countries 
where such equipment is being currently imported; 

(b) More productive results could be achieved in this category of 
equipment by improving manufacturing quality rather than R and D on new 
equipment. Efforts should be limited to introducing and testing tools from other 
areas and countries with similar agro-climatic conditions. 

Manufacture of simple hand tools should be organized on a decentralized 
basis in the rural areas. Rural artisans and small entrepreneurs should be 
encouraged and assisted by the Government in an effort to develop production 
of simple hand tools in the rural areas. 

Government policies must be reoriented to assist artisans in the rural areas. 
Major efforts are needed to encourage and revive production of ha'ld toc,ls by 
village artisans through provision of loans at concessional rates. technical 
assistance, provision of simple design and marketing assistance. Availability of 
requisite materials is one of the major constraints faced by rural artisans. which 
may be overcome by establishment of raw material banks. 

Manufacturing and promotio_,, of intermediate equipment such as power tillers, 
low-cost tractors etc. 

There is a need to undertake an analysis of the successful development and 
manufacture of indigenous designs of equipment in this category achieved in 
many developing countries and to publish the results. Investment promotion and 
technology transfer activities for countries wishing to manufacture such 
equipment should be organized through workshops and exchange of technical 
personnel and entrepreneurs and prototypes as done earlier in Swaziland by 
UNIDO in co-operation with the Government. 

There is a need to explore possibilities of co-operation between small and 
..• edium manufacturers of the industrialized as well as developing countries for 



Cli-operation in product development. manufacturing and markt!t extension of 
appropriate products. UNIDO. in co-operation with manufacturers· 
associations of industrialized countries and entrepreneur\ of developing 
countries should endeavour to promote this co-operation. 

The establishment of supporting industries such as small foundries. forges. 
heat-treatment units and intcgrateJ metal-working plants is very important to 
promote this category of equipment. UNIDO should promote this integration 
by taking specific countries as ca.ie studies. 

Ma11ufact11ri11g and promotio11 of tractors, e11Ki11e.-. mu/ related eq11ipme111 
V/ithin their national objectives. Goven:ments of developing countrie\ 

should analyse the feasibilities and technological altt:a ~:!fr. es. Governments may 
be assisted. upon request. hy UNIDO in co-operation with FAO. UNIDO 
should a11alysc the experience of developing countries in this field through case 
studies. and m2ke their findings available to other developing countries. 

UNIDO should prepare model tenders and specifications for international 
bids for setting up manufacturing plants in developing countries and assist in the 
evaluation of offers and negotiations for technology transfer. 

UNI DO should also develop guidelines for local manufacture tinder licence 
and technology transfer agreements covering aspects such as royalty. patents. 
training, management, technical services, fees. contributions of various parties. 
penalties etc. to serve as a guide to developing countries. 

As a model, UNIDO, in co-operation with the Economic and Social 
Commission for Asia and the Pacific (ESCAP) should develop a complementary 
production programme for the Association of South-East Asia11 Nations 
(ASEAN) group of countries at the request of ASEAN. Such C\ study may serve 
as a model for regional co-operation in other areas with appropriate adaptation. 
In this case UNIDO may also organize a workshop for regional organizations 
and groups. 

Design, den•/opmmt and commerciali:.ation 

There is a need for international co-operation in promotion. establishment 
and strengthening of R and D. and also in commercialization of the results of 
such R and D. The international agricultural centres snch as the International 
Centre for Agricultural Research in Dry Areas (IC' ARDA), the International 
Centre for Corn and Wheat Improvement (CIMYT). the International Centre 
for Tropical Agriculture (CIAT), the International Crops Research Institute for 
Semi-Arid Tropics (ICRISAT). the International Institute of Tropical 
Agriculture (IITA). the International Laboratory for Research and Animal 
Diseases (ILRAD). the International Livestock Centre for Africa (ILCA). the 
International Potato Center (CIP), and the International Rice Research 
Institute (IRRI) etc. can play an important role m this field. 

Such centres may serve as links between manufacturers in developing and 
developed countries. International organizations, including UNIDO, should 
take the initiative in this direction. 

It is essential to encourage international manufacturers to earmark certain 
resources and funds. preferably as a percentage of sales in developing countries. 

-----------------
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to promote possible adaptation and local manufacture of appropriate equipment 
which is not produced in industrialized countries, but is greatly needed in many 
developin,? countries. UNIDO should promot!! this concept. 

Regional /ei·e/ 
Networks. such as the Regional Network for Agricultural Machinery 

(RNAM) should be established in other areas to disseminale information on 
agricultural machinery and to provide prntotypes. 

A full-fledged agricultural engineering research centre should be 
established to provide high level R and D and assistance to national centres. The 
network of international agricultural research :nstitutions can be instrumental in 
this effort. 

Regional and international networks should provide training opportunities 
for R and D workers with emphasis on practical :application. 

A journal should be published relating to R and D in agricultural machine 
design. 

Regional and international research centres in co-operation with UNIDO 
should organize annual international meetings and workshops for increased 
co-cperation. 

Travelling rural exhibitions of appropriate agricultural machinery and 
implements that are manufactured locally, and by neighbouring countries. 
should be organized in co-operation with relevant United Nations organizations 
and regional commissions, with a view to educating farmers and assisting in 
market extension by the local small and medium manufacturers. 

National level 

Funds allocated for development of agricultural machinery should he 
increased. 

Linkage between R and D institutions, and manufacturing units and 
extension agencies should be strengthened so that the technology developed 
eventuaHy reaches the farmers. Training should be provided in product 
development and commercialization. Market research. industrial extension and 
agricultural engineering extension should be organized. 

R and D w"rk on tractors and other machinery should emphasize their 
possible exten~•ive use in all seasons through the use of power take-off, belt 
pulleys for opt~rating pumps and other mechanical work such as operating 
threshers, grinding mills and electric~( generators. 

Patents should be recognized as important instruments for encouraging 
innovation and providing recognition. However, the Governments and the 
developing countries should foster full exchange of such patents among 
developing countries when they are developed in public sectors. 

At simple and intermediate levels. information and drawings should he 
freely availat,le to all developing countries. 

Agricultural machinery and engineering professional associations and 
societies should be strengthened. F AO, ILO, UNIDO and the regional 
commissions should foster regional co-operation. 

Alternative sources of energy should b~ nromoted in agricultural 
mechanization. 



Aherative SOUttS of ellelJY 

Tnere is a mxd to encourngc developing countries to m~nufacture locally 
equipment to produce and app!y alternative sources of energy. such as bio-gas to 
drive engines. windmill pumping sets and solar dryers. FAO. UNESCO and 
UNIDO should foster this activity. 

Repair and maintenance 

Establishment of decentralized repair and maintenance facilities with 
appropriate training and extension services should be promoted. United Nations 
agencies. including FAO. ILO and UNIDO. should promote and help this 
activity. 

Information analysis and dissemination 

In addition to information dissemination that may arise out of the above 
recommendations, UNIDO should undertake programmes of analysis of the 
development of agricultural machinery manufacturing in de~eloping countries. 
The UNIDO Industrial and Technological Information Bank (INTIB) should 
play an important role here. 

Fust Consultation Meeting on Agritultural Machinery Industry 

Major aspects of the local manufa~~·•re of simple equipment, evaluation of 
advanced technologies, long-term licensing agreements, bilateral and regional 
measures, creation of agricultural machinery committees, Rand D. training etc. 
should be refined during preparatory activities for the First Consultation 
Meeting on Agricultural Machinery. 
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J. PRESENT MANUFACTURING STATUS IN DEVELOPING 
COUNTRIES 

Agricultural machinery and implements ar~ important inputs to the whole 
agricultural process (see annex IV). The agricultural machinery industry 
therefore offers a greater choice of technologies appropriate for the rapid 
growth of industrialization in the developing countries, most of which have given 
priority to mechanization in agriculture and in many cases to the local 
development of agricultural machinery and equipment manufacture. The 
establishment of manufacturers throughout the countryside has been of great 
significance in opening further avenues of employment. Products range from 
hand tools and animal-drawn equipment to power-operated equipment such as 
tractors and power tillers. Manufacturing technology and related problems vary 
in kind and magnitude for different product mixes and volumes of production. 

Classification of manufacturing units 

Manufacturing units in all developing countries can be classified at the 
following technological levels: 

(a) Family type (1-5 persons): mainly manual operations; products 
consisting of simple hand tools and hand-operated and animal-drawn 
implements; 

(b) Small- and medium-scale (30-200 persons): manufacture in urban 
areas is mechanized, with batch production of animal-drawn implements, hand 
tools, pumps, crop protection equipment, sprayers etc.; 

(c) Large-scale (more than 200 persons): machinery and equipment made 
with conventional, semi-automatic, automatic and special-purpose machine 
tools on a high-volume, high-precision and high-investment basis. Products 
include tractors, tillers, ploughs, power tillers, disc ploughs, pumps, sprayers, 
storage bins etc. Plants are mostly in the urban areas, rural-urban borderfi or 
industrial estates. 

Summary of national facilities 

The following countries have facilities to manufacture at all three levels: 
Algeria, Argentina, Brazil, China, Democratic People's Republic of Korea, 
Egypt, Hungary, India, Indonesia, Iran, Iraq, Israel, Mexico, Nigeria, Pakistan, 
Poland, Romania, Turkey and Yugoslavia. 

Those with facilities at the small- and medium-scale as well as at fllmily 
enterprise levels are as follows: Afghanistan, Albania, Bangladesh, Burma, 
Chile, Colombia, Ecuador, El Salvador, Ghana, Kenya, Lebanon, Libyan Arab 
Jamahiriya, Madagascar, Mali, Philippines, Senegal, Singapore, Sri Lanka, 
Sudan, Swaziland, Thailand, Tunisia, United Republic of Tanzania, Uruguay, 
Vcne~uela and Viet Nam. 

Finally, the follcwing countries manufacture only in family type units: 



Bolivia. Burundi. Central African Empire. Ch<!d. Congo. DemllCratic 
Kamp11chea. Democratic Yemen. Ethiopia. Fiji. Ivory Coast. Jordan. Lao 
PPonlp'._ 0Pmo•·r·itir- RPn11hlit' I ihPri~ M~bwi M~t,1v._i,1 Mnrnr1•n 'Jt»n'.11 - --r-- - - ------------ ... --r- ...... ·--· -· ... ,-··-· ···-·-···· ···-·-..: ....... ·-· .............. -- ...... - ·-r-·· 
Paraguay. Peru. R \\ anaa. Saudi Arabia. Sierra Leone. Somalia. Togo. Uganda. 
United Republic of Cameroon and Zambia. 

Fuller details on industries operating at these levels are given in tabulateJ 
form below: 

Produce 

Design 

ltn-estmt'llt 

Finance and working rnpital 

Marketing 

,'vfanagemem 

Jflorking area 

Facilities 

;\fate:-ial used 

;'vfachinerr 

Producti1:11 teclmiqm 

Materi.il proce.ui11g 

Quali•l· comm/ 

Employmt'''' 

l'rod11c1 

l n re.~tml'lll 

Fimmn• a11d 11:orki11g capiwl 

Markt•ti11g 

F.AMIL Y-TYPE PRODUCTION UNITS 

~.pades. shovels. spading forks. ploughs. digging hooks. hoes. 
animal-drawn equipment 

Mostly for local need either hy modifying equipment from a 
national supplier or hy manufacturing cheap local n:placc.:ments for 
conventional equipment 

Very small. sometimes up to S iOO. particularly in least developed 
countries 

Little assistance receivt.>d from financial institutions. inadequate 
working capital. mainly dependent on money lenders with high 
borrowing rates 

Depends solely on local need. -::heap toels sometimes Sl!pplied by 
undercutting prices; no systematic sales outlet 

None (family type operatir'l) 

I 00 to 300 ft2 

In many cases limited supply of water and dectricity 

Mostly mild steel (MS). ENI series; occasional use of MS sheets. 
round and angle sections 

Small hand tools. e. g. hammer. am·il. chisel. hack-saw. small 
coal-fired furnaces with hand-operated blowers. pedal-operated 
grinding wheel. occasional welding. drilling and hendir.g 

Objects and part~ ;..roduced manually; hand forgings predominant; 
no application of jig tools or batch pr'ldui:tion methods 

Due to the lack of proper steel and facilities. carhurizing. 
hardening or tempering is not done 

Non-existent; only a co'lventional ruler is used for measuring 

I to 5 persons; sector provides con.-iderahle rural employment 

SMALL- AND MEDIUM-SCALE PRODUCTION UNITS 

Animal-drawn implements. e.g. ploughs. tillers. hoes. diggers. 
pumps. sprayers etc.; small hand tools on hatch production 

Use of local design. adaptation of well-known products. 
indigenous design supply from a research and development centre. 
according to customer requirements 

Varies from $5.000 to $80,000 or more 

Available from private sources or through government 
instituti~mal loans; hanks extend working capital; interest rate 
varies from country to country 

There is a greater demand for these products. hut lillle export 
opportunity excc.:p: for pumps and sprayers 



. \I w wg. ·111,·11 r 

ll"11rf..i11g art'a 

Facilitin 

.\latcrial 11.\Cd 

:\lachincry 

Procl11cti1111 tcclmi</ll<' 

,\Tarcrial pmCt'ning 

(}1111/ity COl/[TO/ 

1:"111pli l_l'/11('/I/ 

Proc/11d 

!>csig11 

Fi11w1n· 1111d worf..111g capital 

.\farkt'ti11g 

;\111nt1gt'll/l'lll 

:\to-.rlv run on linl· management: in•li\ idual O\\nt.:rship or 
partnership: in many countries sl·icntific managmcnt .:xi-.i-. \\ ith 
different kvds or rcspon ;ihilit~. particular!~ in Asia. Latin 
America and the ~tiddk East 

IOJIOO to 50.000 ft 2 

Adequate power and water sup;il~ 

Various shap.:s of grade 17 c;.1stings and \ ariuu-. sleds. c. g. E~ I. 
EN8. E!\i 16. E:--:J2 and E:'\42. which arc imported 1,r acquired 
locally. ,,- _. common!~ used. Use of gal\ ani1cd MS 'hcct. rnund. 
flat. angl·. and hexagonal scclion-. i' l·ommon: springs. hearings 
and hardware arc imported. nc<. >t in a kw Asi;rn anlt Latin 
American countries 

Power-operated hammers. presses. drilling machines. milling 
machiPcs. electric and gas wddi'lg sets. comcntional mJchinc 
tools and cquiprr:cnt. limited inspection 124uipmcnt. ckctrical-. 
coal- and oil-fired furnaces. pneumatic s~stcms and spray paints 
usually availahlc: hand-operated flat roller hcmlcrs and angle 
hcndcrs also ~.immonly used 

Application of welding jigs and fixtures arc cor.1monly used ir. 
manufacturing: production more on a joh shop hasis with 
minimum hatch size; asscmrh and suh-asst.>mhly often introduced 
to increase production. incentive schemes applicd 

Proper heat trC'1!mcnt faciliti.:s arc availahk partirnlarl) in Asia. 
Latin Aml·rica and the r>.tiddk East: scientific carhuri.1.ing and 
hardcning 

Inspection system in mo!>t firms: micromd.:r-.: hci!,!ht gat.;gcs. 
callipers common: quality <.ktcrioratcs hcc;1u• · of lack of correct 
material; many Asian countries and some in Latin America 
produce their own raw materials 

Gener:tlly from JO to 200 persons 

LARGE-SCALE PRODUCTION UNITS 

Po\\W comhination machinery e.g. engines and tractors of 5 hp. 
25 hp. 35 hp and o5 hp. tillers. 2-J furrow di~c ploughs. power 
tillers. pumps. !>prayers. drillers. distrihutors. stmagc hins. 
conveying equipment. thresh•:,. shcllers .:tc. 

Most procured under lil·ensing or collahoration agr..:cmcnh with 
larg..:r (foreign) manufacturers. modifications of designs often 
allowed ht:cause of local manufw:turing constraint<; 

Mostly from $ I0.000 to $ I00.000 or morc: capital i!> raised 
through joint H:n!urcs with equity and loans from financial 
institutions or local or international hanks 

A vailahlc from hanks against the security of raw materials and 
\\ork in progress; main sources arc national and international 
institutions. Govcrnments and local hank-. 

Country-wide network of outlets: operations ge1;crally segregated 
from factory operations; jmiduction regulated according to 
demand 

Entire managmenl ckarly identified and hased on hori10ntal and 
vertical integration; divided into gcneral administration. 
pcrsonnd. purchase and marketing. factory adminiqration, 
machine shop. tool room. manufacturing shop. hcat trcatml·nt 
shop. asscmhly and suh-a,'ie111hly shop. inspcction and quality 



It ·orking art•11 

Faciliric.\ 

.\farerial uwd 

Macl1i11en 

l'rod11crio11 t1•ch11ique 

Matt•rial proce.ui11K 

Quality comrol 

Fmploymmt 

control department. mctallurgil·;il lahoratory. including design. 
planning. work study. proJuctilm anl• metal control. stores 
operation 

Admini-.trati\·e area of 2.000 to I0.1100 ft 2 : manufacturing area of 
50.11011 to 300.000 ff? or more 

Adequate power and water: separate air ;ind steam. mostly 
centr;ilized distrihution. cranes. forklifts. trucks. hoist-;. stillages. 
pallets. hins etc. often used 

Most of the shape castings pronm:d from outside under mehanite 
or grade 17 spl·cification; malleable iron and spheroidal castings 
often used; steel rods of various sections ( E!'l I. EN I (a). and ENX: 
used: special high-•:arbon steel including ENl6. EN2.J. EN32 ;111d 
EN.J2--Hi spring steel extensi\"cly used: many parts and materials 
purchased. e.g. bearings. hrakes. wheels. hydraulic sy ... tem. 
hardware instruments. dectrical parts. piping. wire. fittings. l\1S 16. 
18. 20 SWG sheets often used 

Simplt· 111ad1i11es: laihes (capstan and turret or copying). drilk 
multispindlc drills. universal milling machines. power forges and 
hammers. boring machines. threading and tapping machines. 
broaching machin.-s 

SJ1t'cia! purpmc machim-s: l'nit head machines: special ;aik.r-nwde 
machines. e.g. for axk housing. gem hoxcs. centre housing: 
precision horing and fine-horing machine-;; single -;pindle and 
multispim.lle h·ir and chuck. automatic duplex or triplex milling 
machines 

Too/room: jig-horing. jig-grinding and lapping 
die-sinking machines. tool and cutter grinders: 
equipment. height gauges. optical equipment etc. 

machines. 
inspection 

Gear cwring: hohhing machines. hevcl gear generators. lapping 
machinery. carhurizing plants. hot-press quenching machines 

llear treatmem: carburizing pl:mts. induction h,1rdening machines. 
cyanide baths etc. 

!rt•utmmt plam: pickling plants. degreasing plants. galvanizing 
plants. phosphating plants. paint booths. paint dipping plants 

Ma1111fact11re: press hrakes. eccentric presses. hyt!raulic presses. 
shears, carhon dioxide welding. suhmerged arc welding. 
conventional welding, hending and tuhe-hending machines; 
conveyors, electrical installation. steam and water in'itallation. 
ciect.rical substations etc. 

Based on co.llinuous operation for high volume and on batch 
nows; process sheets, standard time. incentive scheme: application 
of jig tools, fixtures for mach'.niOE, dnd manufacture; production 
forecast Jnd controlled by planning, scheduling. manufacturing 
and follow-up inspection and quality control; design specifications 
adhered to at all levels 

Carburizing and nitriding for C<!se hardening. through hardening 
and tempering; shot-pinning, induction hardening etc. 

Special sections with modern precision equipment, spectroscopic 
analysis of raw material, visual, optical and electronic inspection 
equipment; statisti::al controls arc introduced in mass production 
with a given level of tolerance; physical and chemical control~ 
being incorjmratcd 

Plant producing about 5,000 tractors and 3,000 mixed units of 
equipment per annum employs a work-force of almut 1,5011. 
though numbers vary from country to country 
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The extent to which the appropriate level of technology can be improved 
will mainly depend on how the infrastructure of supporting mechanical and 
mpt,:ahvnrJrinn innn~tMP~ uriJ1 nPUP)nn 
···-·-· ......... ...... b ···--..,·· __ .., ..••• -- .. -·-y· 

Most developing countries will continue to depend on imported material 
and parts except for some new industries in Asia and Latin America. 

II. CHOICES IN MECHANIZATION LEVELS 

Technological progress in agriculture tends to create a regional imbalance 
as well as to widen disparities between rich and poor farmers, particularly in the 
developing countries. Technolog!cal development is not uniform, as all regions 
do not grow the same crop and differ widely in terms of social and economic 
conditions. Unti: now such progress in agricultural standards of developing 
countries has been mostly related to cereals. The development or enlargement 
of agricultural crop production therefore requires definite government policies 
to promote, establish and regulate the requirements for both agricultural and 
engineering industries manufacturing agricultural and allied machinery 
products. 

During the last two decades the developing countries have made great 
progress in the field of agricultural production, and much attention was paid to 
mechanization in general and choices and appropriate levels of mechnization in 
particular. 

Yet in all developing countries there is a relative degree of misalio~ation of 
resources in agriculture. Because of this, agriculture is incapable of achieving the 
necessary increase in production. Integrated planning of agricultural 
development implies the following: 

(a) Integration of economically oriented projects into regional planning 
(horizontal) as well as into sectoral, macroeconomic and microeconomic 
planning (vertical); 

(b) The existence of a suitab!e institution which can be developed to plan 
techno-economic projects at the national, regional and farm levels. 

An important aspect after the planning .:lf techno-economic projects is a 
Government's specific policy in the promotion and co-o:-dination of resources 
through mechanization for increased food production. Obviously the framework 
of such a policy would be, on the one hand, to identify the input resources and 
their subsequent availability and supply at the farm level, and, on the other 
hand, to improve the farm managment plan to utilize the resources for 
optimizing agricultural production, as shown in figure I, taking into account the 
interrelationship between agricultural production input and output as indicated 
in the flow chart presented in figure II. 

The ever increasing demand for food grains, particularly cereals, can only 
he met hy intensification of agricultural production through widespread 
adoption and application of the following measures: 

(a) Enlargement of agricultural crop-bearing land in conjunction with a 
definite policy for landholdings and land reform; 
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(b) Mcetmg agricultural labour requirements through the supply of labour 
from urban and rural markets: 

(c) Imrnciuction of new hi2h-vieldin~ seeds; 

(d' Effecti,•e irrigation and an adequate supply of water: 
(t') Application and distribution of nitrogeraous fertilizer: 
(/) Introduction and scientifically planned application of mechanized 

machinery inputs for the cultivation of soil and related agricultural operations: 

(g) Adequate supply of new varieties of crop protection agents resistant to 
the major pests and diseases; 

(h) Adequate facilities for drying, milling. transport and storage of food 
grains: 

(i) Sufficient facilities for marketil"6 and distribution: 

(j) Adequate mechanisms for prict: regulation. 
The overall considerations outlined above form the basis for establishing a 

national agricultural mechanization policy. 

Medlanizadon levels 

A distinction between four levels of mechanization may be made as follows: 
firstly. the level at which simple ~ut improved manual and animal-drawn tools 
and implements are used; second, the level at which manually operated. 
animal-drawn and simple low-power operated implements and equipment are 
used; third, the level at which relatively more advanced power machinery is 
used; and fourth. the level at which complicated and specialized machinery and 
equipment is used. In principle. it may be stated that the first level may be 
suitable for farm holding sizes up to 2 ha. the second level for 2-5 ha. the third 
level for ~50 ha and the fourth level for over 50 ha. In practice. however. 
the size ranges of the levels may overlap. 

However, considering the inputs for agriculture. namely water. seed 
fertilizer and pesticides, the methods of application to the soil in terms of 
agricultural field operation may vary in accordance with the appropriate and 
desirable degree of mechanization. The possible alternatives, taking into 
account the inherent constraints imposed by the sizes of the landholdings, 
should therefore be investigated with reference to different field operations. 

Possible mechanb.adon choices in field operations 
Irrigation 

The equipment required for water supplies and irrigation could be divided 
into four levels of technology: simple equipment such as manual- or 
animal-operated pumps and simple windmill units, animal-drawn large pumps 
and small power-operated pumps (3-5 hp). medium power pumping units 
( 5-15 hp) ar.d large power (over 1,000 hp) irrigation systems. As stated before, 
the mechanization levels in terms of technology vary independently of the 
production function. but are closely related to farm sizes. The choices of 
mechanization patterns according to technology levels and farm sizes arc 
indicated in table l, and specifications of pumps are given in tables 2 and 3. 



TABLE I. \tECHASIZAflOS LEVEL FOR \\'ATER St;PPLY ASD IRRIGATIOS 

( "hoiu1 for tliff erent f unn Ji:'.el 

Lt.-ver-t~-pe 

hand pump 

Rotary· hand 
pump 

Animal-drawn 
pump 

Windmill pump 

Har id-operated 
Jiaphragm 
pump 

II 

H~draulic ram 

Animal-drawn 
pump 

EngW.e-driven 
pump (up to 
6 hp) 

Elcctric-motnr
dri,·en pump 
(up to 6 hp) 

Ill 
----------------------- -

Engine-dri,·en 
pump ( o\·er h hp) 

Ekctric-motor
dri,·en pump 
(twcr h hp) 

Oit.-scl or electric 
pumping plant (I INIO hp or mord 

Control 'itrut.'ture 

Siphon., 

Head gatt.-s 

Spilt.-s 
~Water from well. borehole. stream. >< \\'ater from 'itream. riwr. catchment area.~ 

canal or channel dam,. ground "'ater 'itorage 

~-----Project deli, er~-----~ 
~----Farm deli,·ery sys~m---- ~ 'iystem 

Farm size: < 2 ha 
< 

2-5 ha 

5-511 ha 
~ ------·- . -> 

511-1 lllHI ha 
< --- -- - - --- -- > 

I IHlfl ha <---- --------- -------- ------ -·- > 

TABLE 2. WATER SUPPLY EQUIPMENT: MANUAL. ANIMAL. ANIMAL-DRAWN OR 
WIND-POWERED PUMPS 

Typ•· 

Manual 

Manual 

Manua! 

Manual 

Manual 

Manual 
Animal 
Wind 

/JrRription 

Hand pump 
(lever-operated) 

Lift and force 
pump (lever-type) 

Foot-operated 
diaphragm 

Semi-rotary pump 
(foot valve is 
required lo lift 
more than 6 ft) 

Whee! or rotary 
pump (can be us::d 
in deep well) 

Fool-operated pump 
Chain pump 
Windmill pump 

velocity. 4 mph 

U/i 
f/11 

20 
24 
JO 

JO 

JO 

. !00 

X-12 
40 

/Jiff hurl(•' 
(gphl 

400 
fil)() 

I 000 

I IHI0-1 401HI 

:!IHI-I JIHI 

500 

4 000-4 500 
J 000-4 000 

Specially 
designed 

IJ.·lin·rr 

f/1) 

40 

50--hCI 

75 



TABLE _,_ E~Gl~E-OPERATED WATER SUPPLY EOl'IP\tE~-1 

I • ...... ,,- ~·••••••••· - ., - - . - -.-.- -- l>.-..-rr!'ll•m 
I"'"/ l1t·u,/ 

I/ii 

/)1,.-Jr.1Ti:1· 

I i;plll 

-'·" 

------------------------------------------ -
Pet ml 

Diesel. single 
c~linder. 3 -5 hp 

Diesel. 5- IO hp 

Soil rnltirntion 

Lightweight cl'.'ntrifugal 
pump with .:ngine 

Centrifugal pump 
coupled with engine 

Centrifugal pump with 
water-cooled engine 

90 l"p to fl O~HI 

XO l"p to Ill 000 

Equipment for soil cultivation. which includes seed-bed preparation. could 
be divided into three levels based on manual. animal and mechanical power 
resources. The choices of mechanization patterns. and the connection between 
technology level and farm holding size. are indicated in table 4. 

Seed fertiliz.er application and crop protection 

Intensification of land use can be achieved as Jrngation facilities are 
increased by introducing multiple cropping. providing more labour for 
irrigation. and changing from natural grazing to fodder. Inputs for crops arc 
high-yield seed. fertilizer. chemicals for plant protection, machinery and 
equipment for sowing. distribution. spreading and many other related 
operations. Before introducing mechanization. a close look is needed at how to 
make the inputs available both in the appropriate quantity and quality. taking 
into account the costs of undertaking research and of providing extension 
services. marketing facilities and credit. 

The application of seed, fertilizer and crop protection products could be 
achieved through four technology levels, namely simple manual equipment, 
animal-drawn equipment. low- to medium-hor::epower tractor-operated 
machinery, and higher horsepower integrated equipment. The mechanization 
level for soil cultivation, depending on farm size, is shown in table 5. 

A government policy to ensure that farmers obtain the seeds, fertilizers etc. 
at the right time and price should provide for certified units developing and 
producing high-yield seeds; facilities for advising small- and medium-scale 
farmers; financial assistance to seed breeder". farmers, co-operatives and 
growers associations; extension services and research and development (R and 
0). For fertilizers, the policy should allow for imports where necessary, and the 
setting up of production plants in the private or public sectors. through 
co-operatives or joint ventures, and even in villages, should studies show them 
to he worthwhile. For crop protection, the policy should include education to 
farmers on seed treatment and crop protection; training in the use oi crop 
protection techniques and allocation of funds for the establishment of crop 
protection units. These units would need to he supplied with a sufficient number 
of staff. chemicals and equipment to provide an effective extension service. 

The machinery required to intensify the production of crops should he 
selected according to levels of technology, generally at a higher mechanization 
level thar. ·1t present. 
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"IABl.E -t. \tlTilA~IZATIO'.'i LF\TI. FOR Hff APPl.ICAI 10!'0 OF l:'liPFI \tATERIAI. 

( h11i1·1·\ f 1r d1fft'r.·111 ltJrm \i;:n 

fllr111 / ,·, Jm. ,/, ~1 /,·11·/ 
111t111.~r1al (''"""Ill"'' I II Ill (I" 

Sl..'1..'d So\\ing Walking stick Animal-dra\\ n Walking tractor- Rider tractor-
Planting pl<intcr Sl..'1..'dcr dra\\ n ''-'Cd drill. dra\\n 'eccl 

up to 7.5 hp drill tl\Cr 
311 hp 

Manual ''heel Animal-drawn Rider tractor-
'Cl'tkr multi-hopper drawn 'cl..'d drill. 

secdl..'r up to 30 hp 

~fanual seed 
drill and 
whl..'cl hoc 

Manual multi-
hopper seeder 

fcrti- Distri- Manual single Animal-drawn Walking tractor- Rider tractor-
lizcr hut ion fertilizer .,ccd-mm- drawn seed-mm- drawn seed-

drill fertilizer krtilizer drill. cum-fertilizer 
drill up to 7.5 hp drill over 

30 hp 

Manual seed- Rider tractor-
cum-fertilizer drawn s1·cd-cum-
drill (two. fertilizer drill. 
three or four up to 30 hp 
row') 

Crop Spread- Hand-held Same as Motorized Air.:raft-
protection ing granuks level-I granules operated 
producb applicator applicator 

Hand-type Continuous- Shoulder-type Blower sprayer 
plunger-duster prcssur\.· hand pm~cr duster 

or .,houlder with wide Ju,ting 
.,prayer attachment 

Rotary hand Shoulder-type Same as 
duster hlowcr duster lcvl..'! Ill 

Hand pum1. Shoulder-type 
sprayer power spra) 

Farm ~i:.1•: 

< 2 ha 

< > 
2-5 ha 

< 
5-511 ha 

> 50 ha 
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Tr\RU.: 5. MECHANIZATION LEVEL FOR CULTIVATION OF SOIL AND SEED-BED 
PREPARATION 

Hand l'l1lti,·ating tools. 
hand spades. digging forks 
and hoes. hand cultivators 

Push-type hand tools. 
wheel hot.-s. hand-pushed 
cultivators. manual weeders 
(sizes of these hand tools 
vary widely in different 
countries) 

Farm si::e: 
< 2 ha 

Clwin·s for dij](·n·m jiirm si::t·-~ 

r.·.-lrnofog_\" /t'\·t'l 
II 

Animal-drawn equipmcnt 
(intcgratcd unit or 1001 har 
attachment) 

Cultivator tincs 

Fixt.'ti mould-hoard plough-. 

Reversihlc mould hoard 
ploughs 

Ridging ploughs 

Disc harrow ... adjustahlc 
harrows 

Fixed-tooth harrows 

Root crop lifter. land 
levelling hladcs 

Animal-drawn wetland puddlcrs 

Animal-draY:n rollers 

Two-wheel walking tractors 
wi!h power tillers. 
cultivators. rotary cultivators. 
motor hoes. harrow ridgcr ... 
puddlcrs. up to 7-8 hp 

2-5 ha 

5-50 t.a 
< 

Ill 

Rider tractors (four-\\hecl). 
15-711 hp '' ith PTO 
(power take-off) .. haft 

Disc plough. 2 and 3 furrow., 

Mould-hoard plough. 
2 and 3 furrow .. 

Tiller. l) and 11 tint.-.. 
" ith seeding anachmcnt 

Padd)· disc harrows 

Off-set disc harrow .. 

Suh-•.oilers 

Multi-purpose hlade 
terracers 

Rcvcrsihlc ploughs 

Mounted di .. c harrow .. 

Ridgcrs 

Rice puddlers 
(prdcrahly hctwccn .~II and 
70 hp) 

> 
> 50 ha 

c:<----- ---- ----------· > 

Harvesting 

For harvesting of crops, the three levels of available technologies arc simple 
hand-operated tools. animal-drawn and low-horsepower mechanical 
equipment, and tractor-drawn or sclf-prope!led combines. The role of 
technology and the size of farm in the choice of mechanization is shown in 
table 6. 

Threshing, shelling and cleaning 

These operations could be divid\!d into three technology levels: simple 
hand-operated methods, animal-drawn or low-horsepower mechanical 
equipment, and high-horsepower machinery. The relationship between 
mechanizatic,n choices with technology levels and farm sizes is given in table 7. 
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Crop drying and storage 

The three technology ievels for crop drying and storage are as follows: 
simple natural drying and storage in bags or jars; power-operated batch drying 
and silo storage; and integratt:d continuous drying and large-scale silo systems. 
The mechanization choices with reference to technology level and farm size arc 
given in table 8. 

TABLE 6. MECHANIZATION LEVEL FOR HARVESTING OF CROPS 

I 

Hand tools: 
Machetes 
Har.·esting knives 
(sickles. plain and 
serrated edge) 

Grass hooks 
(short and long handh..-s) 

Scythes 

Hand-held rice cutters 

(Sizes of tht.-se hand hxlls 
vary widely in different 
countrit.-s) 

Farm fi:.t•: 

< 2 ha 

Choices for different farm si::es 

Techno/o~,- /n·e/ 
II 

Hand-operated power reaper 
engine capacity up to 511 crn3 

Hand-operated power brush 
l."Utters. engine size up to 

411 cm3 

Power reapcr-cum-hrush 
cutter. engine size up 
to 55 crn3 

Two-wheel walking-type 
harR-ster binder. engine 
size up to I 0 hp 

(one-wheel I row reaping: 

two-wheel I row reaping: 

two-wheel 2 row reaping) 

Two-wheel mower tractor. up to 
9 hp 

2-5 ha 

5-50 ha 

Ill 

SctXlp-type trailed comhine 
har.·t.-ster with auxiliar) engine. 
20 to 30 hp. 7 ft l."Ut 

Narrow-body wide-cut comhine 
harn-ster dri\·en hy tractor PTO. 
engine of 35 to 50 hp. 
12 ft \."llt 

Self-propelled comhine 
har.·ester engine of 
50to 150hp. l6ftrnt 

Forged har.·ester 

>:'Cl ha 

TABLE 7. MECHANIZATION LEVEL FOR CROP THRESHING. SHELLING AND 
CLEANING 

< JpertJtion 

Threshing 

Choin•.f for tlifft'rt•fll farm Ji:t·.~ 

I 

Hand-operated rotary 
thresher 

Paddle-operated 
rotary thresher. 
up to I 000 kg/d 

frd:no/ogr lnel 
II 

Animal-drawn stor.e 
threshing roller 

Animal-drawn serrated 
disc thresher 

I/I 

Power-operated thresher. 
up to 5 hp. 400 kg/h 



( )pa:1tion 

Shelling 

Cleaning 

·Farm si:.e: 

Hand-operated 
sheller 150 kg/h 

Fan-type hand 
winnower 

Bicycle- ·ype 
paddle ~innower 

< 2 ha 

II 

Power-operated sheller 
up to 2 hp. 600 kg of 
maize per hour 

Power-operated 
winnower. up to 
I hp. 500 kg/h 

2-5 ha 

5-50 h<> 

Ill 

Power-operatc:d shc:ller. 
2 hp up to o hp. 
maximum of I 500 kg of 
maize per hour 

Power-operated winnower. 
1-5 hp. maximum of 
I 000 kg/h 

Motorized thresher-cum
winnower. up to 7 hp. 
I 000 kg of rice per hour. 
I 000 kg of maize per hour 

> 50 ha 

TABLE 8. MECHANIZATION LEVEL FOR CROP DRYING AND STORAGE 

Choices for ciifferent farm si::.t•s 

<Jperation 

Drying 

Storage 

Farm .~i:-.e: 

I 

Natural drying by 
(a) Exposure to 

sunlight 
(b) Application of 

hot air from 
burning wrk.xi 

50 kg jute sacks 
Wooden containers. 
capacity of up to 
200 kg 

Underground pit. 
capacity of up to 
J t (not suitable 
unless there is a 
concrete wall) 

< 2 ha 
< > 

Technology Ind 
II 

Batch dryer with oil
fired burner and 
motorized blower. 
I t of grain per 6 h. 
7 hp motor 
Circular grain silos 
of wooden construction 
and steel ribs. capacity 
of up to 5 t 
Plastic silos, 
capacity of 2 t 

Sheet-metal storage 
bins. capacity of up to I t 

2-5 ha 
<--~~~~----------~ 

5-~l ha 

Ill 

Continuous dryer with 
oil-fired burner and 
motorized blower. 
50 t/d 
Concrete silos. capacity 
of 5 to 50 t 

Steel silos. capacity 
of up to I 000 t 

Mobile silos. capacity 
of up to 20 t 

> 50 ha 
~--------·~ 
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Current mechanization patterns 

The mechanization pattern depends on the availahlc power applied to 
agricultural field operations through manual. animal and mechanical (plus solar 
and wind) power sources at different technological levels. varying from simple 
tools and implements to intermediate equipment and complicateJ machinery. 
As the mechanization pattern is normally a function of the size of the holding. 
there is a limited choice of different categories of agricultural tools. implements 
and machinery to be applied for each operation. An attempt has hcen made to 
give an objective view of the technologies applied by developing coun:rics in 
different farming operations. The system followed from secd-hed preparation to 
crop storage is outlined in figures III, IV, V and VI which contain current line 
mechanization charts for Africa south of the Sahara; Latin America: the Middle 
East and northern Africa; and South Asia respectively. 

Government policy on line mechanization 

··Mechanization is often erroneously associated with large-scale 
tractorization in farm operations. Moreover, the development of mechanization 
has frequently been focused on only one option such as either tractor purchase 
or tractor-hire schemes, instead of examining a range of alternative packages of 
mechanical technology. However, there is considerable scope for improved, 
manually operated, and, to a certain extent, large power-operated agricultural 
tools, ilT'plements and machinery in most of the developing countries. The scope 
for development in each category depends on techno-economic viability and the 
purchasing power of the farmers, as well as on the Government's policies for 
rural, agricultural and industrial development in general and for agricultural 
mechanization in particular. 

It is very important that government policy should be framed for 
developing rural agricultural and off-farm activities. Expansion of direct 
activities could achieve a great absorption of labour. Incentives for small-scale 
and family type off-farm industries would enable products to be marketed in 
urhan areas. Reduction of differentials in rural and urban wages would reduce 
migration of rural labour. Education schemes, improvement of living conditions 
and provision of facilities to supply necessary commodities would make rural life 
more attractive. The rural labour force has always included a segment engaged 
in off-farm activities. An objective of rural devlopment in a majority of 
rleveloping countries is to create additional rural non-agricultural employment. 
This policy not only raises productivity, but reduces migration to urban areas. 

Credit and marketing policies are of paramount importance for agricultural 
transformation. Marketing requires physical infrastructure, financial institutions 
offering credit on reasonable terms, a communications network, entrepren"urial 
and managerial skills, research facilities and the minimum of administrative 
constraints. 

In most developing countries there is good scope for a mixed mechanization 
system, involving improved, manually operated and animal-dra.wn tools, 
implements and rnachinery, low-cost intermediate power equipment, and 
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apprnlxiatc. relatively large-horsepower machinery. However. as in most cases 
the size of the farm holding is a function of farm income at any level of 
.i~1:'.·u1tural technology. there is a need to examine the most suitable improved 
h.'chnolon levels or svstem of al!ricultural mechanization at different sizes of ._.J J _. 

holdings. The machinery and cq1.1ipment required for crop production at various 
technology levels are outlined bdow. 

Furmi11g '•pa11ti1111 

Culti\ation. and sced-hcd 
preparation 

Sowing and planting 

Fertilizer distrihution 

Water supply and irrigation 

Crop protection 

Jfarvesting 

Crop cleaning 

Crop threshing 

Crop shelling 

Crop drying 

Crop storage 

F11rmi11i: op1·r111i.111 

Cultivation and \eed-hed 
preparation 

TECHNOLOGY LEVEL I 
(Farm area up to 2 lw > 

.\ftt.-/1it1t•n UIUJ t't/11ip111011 K·it/r /h•Hihic• {f>t'ci/inlliml\ 

Manual cultinting tools: hand spades. digging fork' and 
hl"~. hand hoes. hand culti\·ator!> 

Push-type hand 1lx1ls: wheel hot.>s. hand-pushed 
cuiti\ators. manual weeders 

Manual walking-stick planters. manual wheel seeder'>. 
manual seed-drills and wheel hot.-s. manual multihopper 
seeders 

Manual secd-l.-um-fertilizer drills (two. three. four row'>). 
manual single fertilizer drills 

Lever-type hand pumps. rotary hand pumps. animal-drawn 
pumps. windmill pumps 

Hand-held granult.-s applicators. hand-typt• plunger duster ... 
rotary hand dusters. hand pump sprayers 

Hand tlx1ls: machelt.'S. harvt.'Sting knives. sickles (plain and 
serrated cdgl.'S). g:-ass .,ooks (short and long handle). 
scythes. sicklt.>s. hand-held rice cutters 

Fan-type hand winnowers. hicyle-type pedalled winnowers 

Hand-operated rotary thresher .... pedal-operated rotar~ 
threshers. 
400 kg of grain per hour 

Hand operated shellers. 150 kg1h 

Natural drying hy sunlight. drying hy wood fire 

50-kg jute sacks. w1xiden containers up to 200 kg. 
underground pit with a capacity of 3 t. cemented 
rooms or dosed sheds 

TECHNOLO<iY 1.FVE!. II 
I /·11rm ari•11 2-5 /111 I 

,\fachinc·n 11111/ 1·q11ipllll'lll 11·irlr poHtNc· 'I'''' i.fin111om 

Animal-drawn equipment. integrated or tool har 
attachments for: cultivator tines. fixed mould-hoard 
ploughs. reversihlc mould-hoard ploughs. ridging 
plough~. disc harrows. adjustahlc harrow!>. fixed 
tooth harrows. root crop liftc. s. land levelling 
hladcs 

Anim.il-drawn wetland puddler' 

Animal drawn rollers 



So""ing and planting 

Fertilizer distribution 

Water supply and irrigation 

Crop protection 

Harvesting 

Crop deaning 

Crop threshing 

Crop shelling 

Crop drying 

Crop storage 

f"armmK operation 

Cultivation and seed-bed 
preparation 

Two-wheel walking tractors ""ith power tillers. 

cultivators. rotary cultiutors. motor hoes. 

harrows. ridgers. puddlers. up to 7-S hp 

Animal-drawn seede~ 

Animal-drawn multihopper seeders 

Animal-drawn seed-cum-fertilizer drills 

Hydraulic rams. animal-drawn pumps (equivalent to 
2 hp). engine driven pumps up to 6 hp. ela'1ric
motor-driven pumps up to 6 hp 

Same as technology level I and continuous pressure 
hand or shoulder S!'Jrayers 

Hand-operated power reapers. engine capacity up to 511 cm3 

Hand-operated power brush cuf!c:-s. engine capacity up to 
40 crn3 

Power reapers-cum-brush cutters. engine capacit~· of 55 cm3 

Two-wheel walking-type harvester-binders. engine 
capacity up to 10 hp 

Two-wheel mower-tractors up to 9 hp 

Small four-wheel riding tractor up to 15 hp 

Power-operated winnowers up to I hp. handling 500 kg:h 

Animal-drawn stone threshing rolle~ 
Animal-drawn serrated disc threshers 

Power-operated she-llers up to 2 hp. handling 600 kg of 
maize per hour 

Batch dryers with oil-fired burners and motorized blo\llrers. 
6 hp motors. handling I t of grain per 6 h 

Circular grain silos of wooden construction and steel 
ribs. capacity of up to 5 t 

Plastic silos. capacity of 2 t 

Sheet metal storage bins. capacity of up to I t 

TECHNOLOGY LEVEL Ill 
(Farm area 5-50 ha) 

Machint'ry and <'quipm<'nt 1.-ith pouihlt' .{pecific·atiom 

Four-wheel rider-tractors with hydraulic systems 
and PTO. diesel or perrol engines 
of l~O hp 

Disc ploughs. two-furrow and three-furrow 

Tillers. 9 and 11 tines. with or without seeding 
attachments 

Paddy disc harrows 

Off-set disc harrows 

Suh-soilers 

Multi-purpose blade terracers 

Revcrsihlc plough" 
Mounted disc harrows 

Ridgers 



So"ing and planling 

Fertilizer dislribulion 

Water supply and irrigation 

Crop prolectil· • 

Han·esting 

Crop deaning 

Crop threshing 

Crop drying 

Crop storage 

f11rmmg Of'•"rtJt1ot1 

(All operalions require 
machinery al •echnology 
level Ill. except for lhe 
following) 

Waler supply and irrigation 

Sowing and planting 

Fertilizer and dislrihulion 

Crop protection 

Rice puddlers 

( Ab\we implement-; should be a.o;Stx.;ah.-d wilh lractors 
of 30-70 hp) 

Rider tractor-drawn seed-drills. over 30 hp 

Rider lractor-drawn fcrtilizer-cum-se~-d-drill~. owr 311 hp 

Engine-driven pumps and elt."ctric-motor~.irivcn pump-. 
lWer fl hp 

Motorized granult.-s applicators. shoulder-t~-pc power 
dusters with "ide dusting attachments. 

Shoulder-type hlower dusters. 

Shoulder-type power sprays 

Scuop-type cunibine hari1esters trailt.-d \loith auxiliar~ 
engines. 20-25 hp. 7 ft cut 

Narrow-body v.ide-cut combine hanrestcrs dri\·en hy 
tractor PTO. 35-50 hp engines. 12 ft cuts 

Self-propelled combine harvesters. 
50-150 hp engines. lfl ft cuts 

Forge han·esters 

Power-operated v.innowers. 1-5 hp. handling a maximum 
hf l (K)() kglh 

Motorized threshers-cum-v.innowers llp to 7 hp. 
handling 
2 000 kg of rice per hoor. or 
4 000 kg of maize per hour 

Power-operated threshers up to 5 hp. handling .ion kg h 

Continuous dryers with oil-fired burners and motorized 
blowers. handling 50 t1d 

Concrete silos. cc.pacity of 5-5lM) t 

Manufactured steel silos. capacity up to I IHIO t 
Mobile silos. capacity up to 20 t 

TECHNOLOGY LEVEL IV 
(Farm area m·er 50 ha> 

Technology level Ill and diesel or electric pumping 
plants. control structures. mea'iuring devices. siphons. 
check dams. headgates. spiles etc.. I IMMI hp and more 

Rider tractor-drawn seed-drills. over 30 hp 

Rider tractor-drawn fertiliz1:r-cum-seed-drills. over 
30 hp 

Aircraft-operated hlower-sprayers 

Ill. TECHNO-ECONOMIC MANUFACTURING PROFILES 

The produc1ion of different types of agricultural machinery and equipment 
requires different infrastructure facilities. e. fl.. factories. machine tools and 



equipment. labour force and manufacturing techniques. Close relationships exist 
betwec.n production volume, choice and capacity of machine tools and 
equipment. and size of investment required. Most industries in developing 
countries <!~~ !abour-intensive. therefore the selection of machine tools and 
equipment influences the deployment of the labour force, particularly in the 
least developed countries where automation is a social and industrial taboo. 

The techno-economic profiles for the manufacture of agricultural 
machinery and equipment attached in annexes I, II and Ill highlight the 
following four important aspects: 

(a) Careful selection of product grouping based on manufacturing 
sophistication; 

(b) Convenience and viability of manufacturing these products at different 
levels of rural industry; 

(c) Methodical selection of machine tools and equipment for optimizing 
employment potential, particularly in rural areas: 

(d) Basic minimum investment required for particular levels of industry 
(craftsmanship and small-s~ale, medium- or large-scale industry). 

To illustrate the complete range of techno-economic profiles for 
agricultural machinery products is beyond the scope of this paper. Therefore. 
only three are evaluated as described below: 

(a) A profile for the manufacture of selected simple hand tools deals with 
mixed implements. e.g. spade, tined hoe. fork and sickle. with a production 
turnover of 4,000 units of all types. The machinery selected is either manually 
operated (where no electricity supply exists). or consists of power-operated 
machine tools at handicraft kvel employing four to ten persons (annex I): 

(b) A profile for the rr.~nufacture of selected animal-drawn implements 
describes the production of mixed implements, e.g. single-wheel hand hoe. 
animal-drawn disc harrow, animal-drawn mould-board plough. with an annual 
production turnover of 3,000 units of all types (an;L;A !I). The machinery 
selected is relatively more sophisticated. This type of industry can be installed at 
the rural small-scale level employing about 70 person~'; 

(c) A profile for the manufacture of advanced agricultural power 
machinery. e.g. tractors, foresees an annual production of 3.5(Kl units (annex 
Ill). The machinery selected requires conventional and special-purpose machine 
tools. This type of industry can be installed at urban-rural border areas 
employing about 500 persons. 

Each profile gives basic information on p!ant size required for the particular 
production line, and discusses the salient features of the industry, its marketing 
problems and outlets. The estimated capital needed to establish a plant of a 
specific capacity and the approximate annual costs by categories of running the 
plant at full capacity arc also indicated. A plant layout, with approximate 
requirements of machinery, equipment, tools, jigs and fixtures is provided. 

In addition, the profiles are an indicative analysis of the factors a potential 
investor in any such undertaking would have to consider. In some cases this may 
he simple, in others more complex, requiring full-scale feasibility studies by 
experts. The profiles indicate the major factors to he considered in making such 
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studies and recommend systematic guidelines for estimating costs hascd on local 
conditions. 

Conditions in different areas or countries vary and can create constraints on 
tJ.." ,,ff,.,.,;.,,,. nn.,.r·>tinn ,..f nl .. nt m~rhin1~rv :tnd Pnninmt•nt tht' USC Of materials 
"'''"' "'
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power, fuel. water and transport and the availability of finished and 
semi-finished parts of various sizes hoth in quantity and quality. The local costs 
for raw material, labour. plant and machinery may also vary. Therefore. the 
techno-economic profiles indicate an order of magnitud~ in terms of costs. and a 
way to assess a situation and facilitate investment decisions. 

The technological criteria at three industry levels arc hroadly hascd on 
ma~hine tools requirements. production techniques. supporting services. and a 
minimum factory manufacturing programme. 

A summary of important technological criteria is given in figure VII. An 
attempt has been made to illustrate the basic differences at various industry 
levels. 

A comparative study of techno-economic profiles for the manufacture of 
agricultural implements at three levels of industry is given in tahlc 9. 

TABLE 9. COMPARATIVE TECHNO-ECONOMIC PROFILES FOR THE 
MANUFACTURE OF AGRICULTURAi. l\1PLEMENTS 

llw1dit·rufl\ or 1·i//ug1·-/1·n·/ 
ifldmtn· 

l'/11111 "uli ,,, • l'/11n! l1lf'1 R11r.1/ ""''//-" ,,/,· R11r11/ 1111·1/111111- ""'' 
ltt'm dtTtri.-i11· 1·/,·1·1r1ci11· i11cl11\lr\ """II-" at.. "'"'"'". 

----- -- ---~-~-------

Product Spade. hoc. Spade. hoc. Single-\\ hed hand Four-\\hed tr;u:tor 
fork. sickle fork. 'id.Je hoc. anim;1l-drawn 

di.,c harroY.. 
anim:1l-Jrawn 
mould-hoard plough 

Material Carhon steel, Carhon 'ted. \tild -;teel. C<l'ot Grey ca.;t iron. 
wood. hardware. Y.ood. hardware. iron. carhon steel. m;1lleahlc iron. 
sheet metal sheet metal hardware. wood. high carhon 
and sections and -;ections paints. steel. free cutting 

... heet metal and steel . 

... cctions. forge steel . 
suh-contractcd ... pring steel. 
parh sheet metal 

'\Cction .... paint,. 
hought finished 
and imporh:il 
parh 

Manufacture Indigenous Indigenous lndigenou., Indigenous ( .tw; ). 
of lo.:ally hm,IJCd ( .1ll' r ). 

components imporled PW; ) 

Annual .t IMHI 12 IHHI 101100 3 hCHI 

producti•m 
(units) 

Manpower .. 9 M ~ 1-t 

Machinery Simple, manually Simple, power- Medium pt1Y.er- ( '1inventitmai, 
and operated operated opcrnted automatic and 
c4uipment machines conventional l'OO\ ent ional 'pedal-purpose 

and tools machine tool' ma,·hinc 111111, mad1ine tools 
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TABLE 9 fnmtinut'cll 

llcm.l1a11fn •IT 11ll11K,..f,., .. : 

ind/l\tn· 

P!~! .. -!!!? ~·· l•font " ith Rurul w111ll-•rn/,. Rurul nrt•dmnr· curd 
11..,,, rt .. 11ncity d,.1-1rici11· md101n· •mc1ll·_\t·11{,. mdmtn 

Production Man11al Manual operation Batch size Continuous. 
techniques operation with limitt.~ production with hatch-size and 

hatch-size jigs and split hatch 
production fixtures production with 

jigs. tools. 
fixtures. ad\·anced 
cutting llXlls 

Factol)· 300 1 2lKl 42 OlKI 144 5lKl 
area (ft2 ) 

Fixed ti 100 21 200 388 2lKI 5 800 000 
capital 
investment ($) 

Working 2 100 ti 5lK> 127 500 2 750 000 
capital 
investment ($) 

Total 8 200 27 7lKl 515 7lKl 8 550 IKIO 
investment ($) 

Electric 38 75 3 IKKI 
power (kV A) 

Annual 8 890 28 875 553 500 13 380 IKHl 
manufacturing 
cost ($) 

Annual 10 IK)O 30 000 640 ()()() 14 IKH) 0()(1 
sah..>s turnover 
($) 

Profit I 100 1 125 3ti 5lKl ti20 tKKI 
before taxes 
($) 

Investment/ 2 050 3 077 7813.tiJ lti ti24.20 
labour ratio 
($ per worker) 

Marketing Directly to Through Through Country-wide 
and sales farmers wholesale agents or distrihutors or 

distrihutors wholesale agents with 
or directly distrihutors adequa~e facilitit.-s 
to farmers for spare part"i supply. 

servicing and 
training 

The comparative study reveals wide gaps between industries scattered in 
village, rural and rural-urban areas in terms of plant size, employment, 
investment requirements, and in particular the methodology and application of 
manufacturing techniques. In order to bridge the gaps, where the 
investment-labour ratio varies from $2,050 at the handicrafts level to $16,634 in 
the industries located in the rural-urban border areas, a closer and integrated 



Industry /ev./ Machine tools Production techniques Supporting industries 

I Craftmanship Mostly manually More manual operations based Hardware industries 
operated machine on job shop production with Woodworking industries 
tools, applicdtion of limited batch size; dominant 
simple conventional feature is hand forging with 
machines, e.g. for heat treatment 
turning, drilling, 
grinding, welding etc. 

Aural small· Conventional Based on minimum batch pro- Disc manufacturing industry 
scale industry machine tools, e.g. duction with advanced heat Foundry and steel industry 

drilling, milling and treatment facilitin; process Hardware industry arc welding planning, method study, setting 
machines, hammer of standards, quality control etc. Jig and tool manufacturing industry 
forge, inspection can be introduced; use of jig, 
:ools etc. tools an'1 fixtures, particu· 

larly welding fixtures 

Aural medium- Conventional, Continuous, batch and split Foundry (grey cast iron malleable, 
and large-scale automatic and batch p~oduction system in· spheroidal iron) 
industry special-purpose corporating economic batch Forging and die casting 

machine tools are loading, process planning, esti· Tyres, wheel and rim manufacturing required, e.g. drilling. mation, setting of standards, 
milling and boring quality control ar:d rigid unit 

machines, bar auto· inspection, production and Sheet-metal and press work industry 
matic and chuck material control, wide appt ica· Gear cutting and transmission shaft 
automatic machines, tion of jigs, tools, fixtures, manufacturing units 
and unit head including welding fixtures, Electrical and instrument 
special-purpose advanced tooling (high speed manufacturing units 
machine tools and carbide) etc. Steering wheel and automoti·1e parts 

manufacturing unit 
Hardware industries 
Rubber manufacturing industries 
Paint manufacturing industries 

Fi1ure VII. Summaey of technoloaical criteria at three industry level-i 

I Minimum factory 
manufacturing programme 

Mostly to customer's rtiquire-
ments; minimum batch produc· 
tion can be introduced; large 
product mix is essentia 

Minimum economic ba1:ch •ize 
of production programme is 
required; medium prodJct mix 
is essential 

A minimum manufacturing 
programme is required, with 
economic batch loadin,1 of each 
part to be manufactured 

- I 
""' -
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rural development plan is em·isaged, particularly in the industria: sectors. 
through the following measures: 

(a) Greater subcontracting arrangements from the small- and 
medium-sized industries to the handicrafts or village blacksmith-type of 
establishment. The subcontracted items can be ievcr~. hooks. dbi1w-;;. hardware. 
tines, shovels, links. pins, hubs, brackets. welded parts ef'.; 

(b) Creation of greater industrial co-operation, where the medium-sized 
industries could offer machinery. equipment, raw materials. designs. processing 
sheets, cost calculations etc. to the small-scale rural units for the supply of 
simple parts for their assembly line. For this, mutual consideration must be 
extended for the relative price adjustment in cost calculations. Larger industries 
should not exploit small establishments owing to their large infrastructure and 
political and social influence. Through such co-operation, the larger industries 
will procure parts at cheaper prices, and small units can create further avenues 
of off-farm employment; 

(c) Greater incorporation of supporting ancillary engineering industries in 
rural or rural-urban areas in order to enlarge rural off-farm activities and to 
facilitate higher production by increasing available indigenous components. The 
handicrafts and small-scale industries, even the medium-size industries, cannot 
afford to install these supporting ancillary industries within their plants because 
of the relatively high investment-labour ratio and the sophisticated level of the 
technology. 

The following supporting industries are needed in order to facilitate the 
agricultural machinery and implement manufacturing operations in rural areas: 

Integrated foundry, forging and die-casting plants 
Agricultural disc manufacturing plants 
Integrated sheet metal and press-work plants 

Toolroom and tool maintenance plants 
Woodworking and pattern-making plants 
Integrated plants for galvanizing, perkerizing, electroplating etc. 
Integrated plants for heat treatment 
lntf'grated plants for the manufacture of the following products: 

Automotive parts and accessories 
Tyres and rubber products 
Electrical components 
Instruments and gauges 
Hardware componen'r and parts 
Spur and hypoid gears 

Integrated plants for prototype manufacture and development 
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IV. A~ APPROACH TO LOCAL MANUFACTURE 

A. Role of small and medium industries in rural development and limitations 
in ihe deveiopmeni ui runil industrlalizatfon 

The handicrafts, small-scale and medium-scak industries manufa~turing 
agricultural machinery and equipment play a dominant role in programmes for 
rural development. The promotion of these ir.dustrics leads to an improvement 
in social and economic conditions; and an overall balance of rural and urban 
industrial activities which, in turn. retards migration of labour from rural to 
urban areas. 

Social improvement can be achieved by the following means: 

(a) Encouragement of indigenous entrepreneurship by way of a relatively 
large participation of individuals in the management and operation of small 
establishments, thereby improving productivity through personal efforts to raise 
operational funds and the effective use of such capital to provide marketable 
finished products; 

(b) Improvement of the performance of traditional industry. In the 
majority of the developing countries, manufacturing establishments at 
craftsmanship level are of traditional types. The identification of these 
traditional skills and the timely injection of capital, modern machinery. 
equipment, and improved technical training and marketing activities can 
improve the overall performances of these units and thus pave the way for 
greater industrial development in the rural areas; 

(c) Increase of employment. By creating more units in the handicrafts and 
small-scale sectors, many employment opportunities can be provided in the 
rural areas. Infrastructure facilities and capital outlay are relatively smaller in 
these sectors compared with large establishments. 

Individual drive and ..:ntrepreneurship accelerate industrial activities. 

Economic improvement can be achieved by the following means: 
(a) Decentralization and dispersal of industry. In developing countries, the 

natural trend to establish industries in urban areas creates enormous problems 
by overstraining infrastructure facilities. A rational approach would be to 
encourage the growth of industries in rural areas with a planned dispersal and 
decentralization programme. The small units would supply parts and 
components to the large urban industries, as wages and overheads are relatively 
smaller in rural industrial operations. Dispersal would improve rural working 
conditions through the extension of roads, housing, electricity, water supply and 
other amenities of modern industrial life; 

(h) Diversification of products and establishment of new product lines. As 
there is greater flexibility in the locational and operational requirements of 
handicrafts and small-scale industries, they arc more suitable for diversification 
and the introduction of new product lines. Import substitution and an increase in 
subcontracting by such industries means that off-farm activities can be created 
with less investment and increased production. This type of ancillary 
development provides overall industrial stability; 
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(c) Greater utilization of rural resources and capital formation. In 
developing countries. greater utilization of resources is possible only by the 
creation of more rural handicrafts and small-scale industries. Owing to 
individuai zeai. inku:st and saving. there is- much potentia! t-·?re for capital 
frrmation of off-farm industrial activities. It is very common for the capital 
invested to come from family savings which would otherwise remain idle or be 
used to buy urban consumer luxury goods. Small industries make full use of all 
available resources wil'. minimum wastage. resulting in greater saving and 
capital formation. 

With regard to the overall balance of rural and urban industrial activities 
and the effort to retard migration from rural to urhan : ,·eas. it should be noted 
that the migration of rural labour to urban areas creates an imbalance in the 
labour market, particularly in the rural areas. More rural industries are essential 
for rapid development. The overall development plan must contain a p:ittern of 
incentives and wage stabilization in the rural industrial sector. if the labour force 
there is to be maintained. 

Yet, despite the need for rural industrial development, certain limitations 
on the expansion of handicrafts and small-scale industries in rural areas exist. 
They may be summed up as follows: lack of timely credit facilities: difficulty in 
acquiring machinery and raw materials; lack of appropriate product design: 
shortage of suitable factory premises; lack of technological and managerial 
know-how, trained manpower, marketing facilities and quality standards. 

Each constraint creates special difficulties for small enterprises. An 
integrated development programme providing technological and institutional 
facilities is needed to form a system of links at the rural industrial level. 

B. Capital-intensive large industries and ancillary industry development 

Capital-intensive large industries need to consider the following aspects of 
rural operations: the many constraints on manufacturing operations in rural 
areas; the need to choose the right product line for which a limited number of 
components can be supplied by imports and a maximum number by local 
manufacturing units, to choose the most suitable machinery, equipment and 
material, and the need for capital to cover plant and ancillary units, the need for 
efficient production processes; for training facilities; for marketing networks 
and for repair and maintenance facilities. 

It can be seen that capital-intensive large industry engaged in the 
manufacture of agricultural machinery and equipment in the rural areas needs a 
substantial number of ancillary industries to supply parts which cannot 
otherwise be made economically within the plant. On the other h:md, th1: 
majority of small establishments depend on the larger industries and th 1.: 

ancillary industries for their survival. Handicrafts, small-scale, medium-scale, 
ancillary and large capital-intensive industries arc all interdependent to a limited 
or greater extent. Closer co-operation between them will add a new dimension 
to overall development. See annex Ill, and figure VIII. 

As indicated in figure VIII the involvement of large capital-intensive 



100%a 

requirement 
for large 
capital-intensive 
industry in 
rural areas 

Note: An arbitrary percentage breakdown of parts procurement 
is shown for the purposes of illustration 

a Represents the total manufacturing cost. 

30% 

b Imports can be in the form of raw materials or finished components. 

Figure VIII. Chart showing policy for procurement of parts for agricultural 
machinery industry in runl areas 
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industry in agricultural machinery and equipment manufacturing operations in 
rural areas has the following effects: 

(a) It introduces new product lines to the small-scale and ancillary 
industries; 

(b) It encourages tr.e creation of ancillary industries which have a greater 
share in subcontracting and spare parts manufacturing operations; 

(c) It creates a resource of skilled personnel p~rticularly in the small-scale 
sector. Some of these may start their own enterprises for the supply of paits and 
create a chain reaction of employment; 

(d) It encourages small industries by supplying specific items of machinery, 
equipment and raw material in order to procure cheaper parts; 

(e) It absorbs most of the rural labour force which would otherwise have 
migrated to the urban areas; 

if) It provides a greater opportunity for training to produce personnel for 
the higher and middle management posts; 

13) It extends marketing facilities; 

(h) It improves rural living conditions. 



C. An approach to technic-dl <1nd io'ititutional interlinkagc 

Rural industries. unlike the industries located in urhan areas. ia·:e many 
difficulties in managen • .:nt. technical and marketing operations. 

In order l(1 promote the activities of these handicrafts. small-scak and 
medium-size in!.Iustries. including the ancillary industries. in rural areas. the 
creation of institutional and technological linkages will he of paramount 
importance to O\'Cral! dc;·dopment. particularly at the village level. The primary 
re4uiremcnts of investment and finance. appropriate machinery and technology 
and promotion of marketing can hest he met hy the creation of an institutional 

infrastructure with•n the rur<i.I area. Oh,·iously. this re4uires both governmental 
and non-governmental participation. 

A complete network of institutional infrastructure has to he designed and 
implemented in order to bring ahout more cohesive development in the rural 
areas by the diffusion of technobgical and institutillnal assistance. This. as 
illustrated in figure ~X can he achieved in the following manner: 

(a) Meeting the re4uircment of institutional infrastructure for the 
development of agricultural machinery and allied engineering industri1:s in the 
rural areas: 

(h) The cre:tt!on and installatiun of an agricultLJr machinery <' • allied 
engineering industries development centre: 

(c) Non-~overnmcntal institutional partici.~:•tion in the development 
centre through the estahlishment of: 

(i) National and regional prnfcssional agricultural engineering 
mstitutions. 

(ii) National and region;,! agricultural machinery. implements and allied 

equipment manufacturers a~sociations. 

(d) Government institutional participatim. in the development L"cntre 
through the establishment of: 

(i) Industrial extension services. 
(ii) Project financing schemes. 

(iii) Industrial e~tatcs, 
(iv) Co-operative action, 

(v) Regional and subregional departmu·t:; for industrial promotion. 

(vi) ~tandards institutes. 

D. Proposed agricultural machinery and allied e:ng.neering industries 
developmcot ~cntre 

The structure of the propo~;..;d centre is shown in figure IX. 
The centre should he composed of the following three sections: 

I nsti tu ti on al services 

--·--------------umm--------------............ r .... .-.._, .......... 



Non.governmental 
institutionai pJrticipation 

Institutional services 

Management .ervices 

Integrated in· 
dustrial and 
technica' !rain
ing programme 

Assistance to 
project evalu· 
ation and pre· 
feasibility 

Management 
consultancy 
service 

Product adaptation 
and design 

Product development 
and design 

Prototype design 

Supply of working 
drawings 

Institutional and technological 
infrastructure for rural industries 

Agricultural Machinery and Allied 
Engineering Industries Development Centre 

Technological common services 

Procurement, finance 
and marketing services 

Procurement of 
machinery and 
raw ll'aterial 

Rural financing 
through loan 
facilities and 
schemes 

Marketing 
services th•ough 
co-operatives, 
material banks, 
export houses 
marketing network 

Technological 
advisory services 

Plant layout 

Process planning 

Produc~ion method 

Machinery and 
equipment selection 

Prod11ction technique 

Jig, tools and fixture 
design 

Production control 

Material control 

Work study 

Quality control and 
inspection 

Governmental institutional participation 

Promotion of engineering 
ancillary industries 

Common er1gineering 
services 

Central foundry 
(f1:rrous) and forging 
shop 

Central tool room for 
tools, jig~ and fixtures 

Central repair, main· 
tenance, prototype 
manufacture and 
training ~hop 

Central galvanizing, 
electroplating and 
phosphating plant 

Central heat·tre1tment 
shop 

Manufacturing unit for 
all tr1msmissiori 
gears 

Manufacturing unit for 
discs, wheels and 
rims, and sheet metal 

Manufacturing unrt 
for hardware 

Manufacture of 
automobile 
accessorie~ 

Manufacture of 
tyres 

Manufact.;re of 
electrical compo· 
nents 

Manufacture of 
rnstruments &nd 
gauges 

Inter linkage of institutional and technological and rural industries --~ 
flgure IX. 1-'lo~ chart of an agril'ultural machiner~· and allied en~ineerin~ Industries development centre 

·.,, 
'j 
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Techno:ogical common services 

P:-omotion and establishment of ancillary industries services 

The institutional services wouid inciude (detaiis wiii he discussed in section 
V) the following: 

Management services 

Product development and design service 

Procurement. fina'lce and marketing service 
The technological common services would include (details will be discussed 

in section VI) the following: 

Technological advisory services 

Common engineering services 

Common engineering service facilities would include the following: 

Central foundry (ferrous an<l !lon-ferrous) and forging shop 

Central tool room for tools, jigs and fixtures 

Central repair, maintenance. prototype manufacture ancf training shop 

Central galvanizing, electroplating. and phosphating shop 

Central heat treatment shop 

The function of the ancillary industries promotional services will be to 
encouragl: the entrl;!preneurs to establish the factories for the manufacture of the 
following products in !he rural areas: all transmission gears: sheet metal work. 
wheels, rims and discs; ha1dware; automobile accessories: tyres: electrical 
components; instruments and gauges; and many other items required for 
agricultural machinery industry. 

The irstitutional and technological facilities extended through such a 
development centre could not only improve the stability and performance of the 
local industries engaged in the manufacture of agricultural machinery and 
equipment, but also promote sectional integration through the exchange of 
technological and commercial knowledge and experience for greater industrial 
development in the rural areas. 

Industries in rural areas are at a disadvantage in technology use and arc 
handicapped by the lack of managerial and skilled workers. The proposed 
agricuitural machi:iery and equipmer.t and a!lied engineering development 
centre would have a greater impact on the rural industrial development 
programme, through which the handicrafts, small-scale, and medium- and 
large-scale industries would receive comprehensive as well as ad !we assistance 
in marketing, management and technology. 

V. INTERLINKAGE IN INSTITUTIONAL INFRASTRUCTURE 

It has been proposed to establish an agricultural machinery and allied 
engineering industries development centre involving the possible interlinkage of 
various institutional services. The institutional services of the development 
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centre would comprise a management service. a product development and 
design service. and a procurement. finance and marketing service. 

The ~ir udun: of ihe institucionai services and the appropriate intcriinkagc 
between the various sections arc shown in figure IX. 

A. Management services 

The management services of the centre will deal with the matters described 
below 

lmcgrated industrial managemem and technical training programme for rural 
areas 

Management appreciation courses will be concerned with the training of 
proprietors and managers of small- and medium-scale industries. The subjects 
will cover the principles and practice of management, production management. 
productivity, financial and cost accounting, cost analysis, budgetary and 
standard costing, purchasing, store keeping. inventory control, production 
control, advertising and publicity, industrial laws and labour welfare. 

Specialized training courses will be given in production, fina'lcial and 
marketing manag\!ment with special reference to cost accountancy. and 
bookkeeping. 

Ad hoc intensive training courses on subjects such as work study. quality 
control inspection, product design, adaptation techniques, and selection transfer 
of appropriate technology, marketing, standardization etc. 

The technical management training programme will be designed for skilled 
and semi-skilled artisans, small-s~ale supervisory personnel, and technical 
Middle management of medium- and large-scale establishments. with a view to 
improving their abilities to produce and handle tools. equipment, jigs, fixtures 
etc. The programme will include the following: 

(a) Comprehensive shop practice: foundry shop, carpentry and 
pattern-making shop, forging and blacksmithing shop, tool room, maintenance 
and preventive maintenance shop, electrical shop, welding. sheet metal and 
press shop; 

(h) Trade-oriented special cour;.;es for tool mak\!rs, fitters, turners. 
welders, sheet metal manufacturers, pattern makers, electricians, plum hers etc.; 

(c) Process-oriented courses for metallurgy and heat treatment, painting, 
shot-blasting. metal pre-treatment, for example, phosphating, galvanizing, 
electroplating etc.; 

(d) Blueprint reading, drawing and design; 

(e) Quality control, shop inspection and standardization. 

Technical training through mobile workshops will also be provided. Mobile 
workshops attached to the development centre render comprehensive 
on-the-spot training to skilled ano unskilled handicrafts workers in rural areas. 
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A.uisttllln' 111 projt•ct <'n1/m11io11. pr<'-ilfft'.'ilmt•m and f<'t1.'iihility .'it11dies for 
pro.'ipt>ctfrt• e11trt•pre11«?11r.'i 

The centre will render comprehensive assistam:c to the cntrcpn:neur~ who 
arc interested in a specific agricultural machinery manufacturing project hy the 
following means: 

Project evaluation and market surveys 

Pre-investment and feasibility studies 

Choice of appropriate technology 

Choice of machinery and equipment 

l\la11agtwu·m co11s11/1a11cy serl'in· 

The development centre will render management consultancy services to 
artisan and small-scdle industries in rural areas. The service can he extended to a 
comprehensive plant study. covering aspects of finance. production and sales hy 
qualified technical staff. 

B. Product development and design service 

The development centre for agricultural machinery and allied engineering 
industries will have a product development and design service for rural 
industries. The service will be responsible for the following matters: 

(a) Accelerated adaptation and absorption of imported technology: 

(b) Development of domestic technology; 
(c) Assisting rural industries in the transfer of hoth imported and domestic 

technology through: 

Development of product adaptation 

Design of new products with high content of indigenous parts 

Supply of product drawings. designs and specifications 

Supply of working drawings considering the availahility of machinery and 
equipment in the rural industries 

Plan for prototype manufacture 
For example, the centre may ende<ivour to develop tr·_' design of a suitahlc 

low-cost tractor based on the following factors: 

Direct injection diesel engine up to 15 tp 

Simple gear or heh-driven transmission system 

Three-point linkage operated hy either mechanical or hydraulic means 

Tractor body of either cast housings or welded sections 

One or two speeds 
The manufacture of such a prototype can be organized in conjunctmn with 

the technological common services facilities of the devclor!Tlent centre and local 
industries interested in the products. This will he the method of interlinkagc 
between the institutional and the technological services within the development 
centre and the industries. 
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C. Procurement. finance and marketidg seo ices 

Th~~~ h~ck up ~ervk'-'" will facilitatl' th.: dkctive opcra<ion and cn>nomil." 
,-iahility of the rural industries. 

l'rontrt•mt•llf of machinay and ww mareria/.'i 

Due to the tight for.:ign exchange situation. most of the dl'\'doping 
countries arc facing a l.Titical situation for ohtaining machinery and raw 
materials for industries. particularly in the rural areas. 

The development centre will he ahlc to assist rural industries through 
selection and specification of materials and sdection of appropriate machinery 
and equipment. 

The development centre will he ahlc to assist the rural industries hy 
introducing a bulk purchase system in dose co-operation with private importers. 
government institutional agencies and local industries. For smalt-scalc 
industries. particularly in the rural areas. minimum stock control is essential. 
After ascertaining the demand. the centre will be able to assist hy procurement 
through the bulk purchase scheme; and procurement through go\'ernmcnt 
agencies. importers or co-operative groups. 

With regarci to machinery and equipment. the centre·s assistance could be 
through the following: hire-purchase schemes; go\'ernmcnt aid schemes to less 
developed areas; fund-raising; and allowing the use of common c-ngincering 
service facilities at nominal cost. 

This will create an internal linkage between institutional and technological 
services of the development centre and external linkage with the industries. 

The development centre will make a machinery and equipment inventory 
diary for all the dispersed small industries in rural areas. 

Finance and marketing .'iert:ices 

The small rural industries need finance and marketing facilities. and the 
centre can organize the following schemes or services: 

(a) Assistance to loan facilitier from commercial. private or State-owned 
banks for the purchase of raw materials. machinery and cguipment; 

(b) A cash credit account. that is payment of advance against pledge goods 
under a scheme which can be designed by ttie centre and operated by the banks; 

(c) Assistance in raising finance through financial instituti-Jns; 

(cl) Bringing the banks and the credit institutions closer to the industries; 

{e) Recommending extension of government credit guarante\! schemes and 
other financial schemes to promote rural activities; 

if) Recommending extension of gnvernment subsidies. particularly on the 
interest rates payable in less developed regions. 

Marketing schemes and service.'i 

The development centre can extend rural institutional marketing facilities 
and services throug~. 

(a) Co-opern~ive marketing schemes; 



(b) Intensification of subcontracting systems and facilities so that industries 
will depend more on each other for parts and accessories; 
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(d) Establishing sales centres; 

(e) Establishing centres where products can be displayed; 

if) Creation of a marketing and export house to provide marketing and 
sales information and facilities; 

(g) Preparation of a manufacturers and sellers directory; 

(h) Promoting participation in exhibitions; 

(i) Creation of a joint marketing advisory beard. 

VI. INTERLINKAGE IN TECHNOLOGICAL MA TIERS 

The technological common services of the development centre will ~nsure 
technological advisory services. common engineering services and promotion of 
ancillzry industries. 

A. Tedanological advisory services 

The technological advisory services will deal with the matters described 
below. 

Plant layom. The provision of plant layout for any individual enterprise is 
to include the flow diagram, the organization of sections within the plant. the 
arrangement of mac!linery, equipment and facilities. 

Process planning. Assistance with process phnning will include estimated 
production, man-hours available for each part to be manufactured, break-down 
of operations for each machine or process, estimated macltine time. types of 
machine, jigs. tools and fixtc!"es, pre-machined shape of material and 
specifications, and floor-to-floor estimated time. 

Production methods. These include requirements of jigs, t<xll:i, fixtures 
and equipment to facilitate production: drawings for simple jigs. tools and 
fixtures; and. if necessary, the establishment of standard methods of production. 

Machinery and equipment .'ie/ection. The centre will be in a position to 
advise on the s.election of machinery and equipment to suit the available 
facilities both in terms of finance and skills. The centre will be able to advise on 
speed, feed, depth of cut, and the power requirement for a component to be 
manufactured on a particular machine. 

Pmduction technique. The centre will be able to guide small industries on 
modern techniques; for example the application of pneumatic clamping heads in 
the use of carbide-formed tools, throw-away carbide-tip tools with speed, feed 
and depth cut requirements, metal processing techniques. heat treatme~ t 
techniques etc. 



Jigs. tools am/ fixture clt•sigm·. The centre will assist in designing simple 
jigs. tools and fixturt.'S and. if possible. their subsequent manufacture. using 
common engineering services within the centre. 

Production comrol. For this purpose the centre will be able to assist in the 
preparation of: 

Control or bar charts 
Machine loading charts 
Route cards with process sheets 

Master scheduling and scheduling in various departments 

Job cards and shop orders 
Scientific follow-up incor;)()rating a product;on recording sysstem 

Material control. Material control assistanc~ includes the following: 

Ensuring economic hatch production sizes 
Ordering and receiving materials with a m'.nimum stock level 

Material requirement forecasts 
Raw material inventory controls 

lntrocuction of perpetual inventory thmugh Kardex system stores 
organization 

Material handling and facilities for storage during work in progress 

Work study. For medium-size and small-scale industries. work study is an 
important aspect of increasing productivity. It involves work measurement and 
method study. 

The centre will be able to assist in the technique of work measurement 
through time, p~oduction and systematic method studies of a particular 
operation, and to provide a visiting time-study and methods engineer. A definite 
scheme of incentives can be drawn up on the basis of speed and effort rating; 
measured daily work; group incentive rased on group performance etc.; piece 
rate system. 

Quality control and in'lpection. The development centre will he able to 
assist small firms to introduce a good quality control system. This requires: 

Provision of calliper. micrometer, depth gauge. height gauge etc. 

Design of special production inspection gauges. for example gap gauge. 
plug gauge, thread gauge etc. 

Quality control charts with upper and lower limit for quality control 

Statistical quality control for bar or chuck automatic machines 

Inspection and control of tool geometry and its technology 
lmprovi .. ation of special inspection tools 

Training of inspectors and quality control engineers 

B. Common engineering services 

The common engineering services will form the real backbone of rural 
industrial development. Small, medium and even large factories cannot afford to 



install all the machinery and equipment required. It is often economical to 
procure certain finished or semi-finished parts through subcontracting or direct 
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institutional set-up in rural areas can be achieved by incorporating them in the 
proposed agricultural machinery and allied engineering industries development 
centre. Thus the centre will render ted.nological. manufacturing and 
commercial assistance. 

The general requirements of various engineering establishments and 
industries can be met by the development centre hy having the following central 
shops: 

Foundry (ferrous and non-ferrous) and forging shop 

Tool room for tools. jigs and fixtures 
Repair. maintenance. prototype manufacture and training shop 
Galvanizing. electroplating and phosphating shop 

Heat-treatment shop 

Central foundry and forging shop 

The establishment of a central foundry and forging shop is a basic 
requirement for rural industries. providing common service facilities with a 
ferrous (cast iron, ~teel etc.) and non-ferrous (brass. aluminium etc.) foundry 
producing materials essential for any metalworking industry development. 

Ferrou.'i foundry 
Products 
The minimum grey cast iron and steel ingot production will be 20,000 t of 

liquid metal per annum, that is 80 t per day for 250 working days a year. Raw 
material will be scrap steel and pig iron. This entails a production of 5,000 t/a of 
high-duty grey iron for casting (grade 17 or mehanite specification), 9,000 t/a of 
S. G. iron and malleable iron, 1,000 t/a of steel castings, and 5,000 t/a of special 
steel ingots for forging. 

Equipment 
(a) Melting 

Direct-arc melting furnace with a capacity of 8 t per batch, complete with 
electrical transformer of 3,00~.000 kVA capacity, and 11kV,3 phase. 
50 Hz supply. Furnace should be suitable for operation with basic and 
acid linings 
Mains frequency induction melting furnace, capacity of 4-5 t per batch, 
with power input of 1,000-2,000 kVA for melting of iron and steel; high 
tension power required, 11 kV, 3 phase, 50 Hz; low tens'.on power 
required, 415 V, 3 phase, 50 Hz 

External overhead transport (EOT) crane, 20-m span, 10-t capacity 
Electromagnetic discs, 1.25-m (approximately 4 ft) diameter, for lifting 
the iron for charging 



Platform and weighing bridge. 10-t capacity 
Immersion-type pyrometer for measuring liquid metal up to 2J)()()° C 

Optical pvrometer, l,200u-2.0tJU" C 

Combined bottom- and tip-pouring ladles. with capacities of 10 t. 5 t. 3 t 
and 1 t; hand shanks of 50 kg, 100 kg and 250 kg 

Muffled furnace for preheating of ferro-alloys. oil-fired or electrically 
heated. temperature rise 800°-1.000° C 

Induction melting furnace, approximately 10-t capacity. 500-kW power 
input for super-heating the metal 

Continuous heat-treatment furnace for heat-treating the malleable cast 
iron, range up to 1,000° C 

(b) Moulding 

Continuous mixer, 10 t/h 
Vibratory shaker. precrusher. vibratory conveyor. overhand magnetic 
separator, surge hopper 

Complete set of core makers' and moulders· tools. cope boxes etc. 

Pneumatic moulding machines 
Stationary sand slinger with ramming gap 
Roller conveyors, jib cranes. standard steel bins. moulders hand tools 
etc.; rolled steel manufactured mould boxes 

(c) Fettling 

Fettling machines and equipment 

(d) Pattern shop 
Band saw machine, planing machine, crosscut circular saw. combined 
disc bobbin sander, wood-turning lathes. pillar drilling machines. hand 
tools 

(e) Maintenance 

Turning and screw-cutting lathe, chucking lathe, radial arm drilling 
machine, shaping machine, planing machine. boring machine and tools 

(f) Common services 

Electric substation 
Air compressor set 

Oil tanks, water reservoir, pipelines 
Dust and fume disrio".al system 

Forklift truck etc. 

(g) Testing laboratory 
Chemical section, sand-testing section, mechanical testing section. 
metallography section, heat-treatment section, and non-destructive 
section, to be equipped with all necessary machinery and equipment 
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Non-ferrous foundry 

Products 

various parts of pumps. crop protection equipment and tractors. The installed 
capacity will be 1.000 t/a for brass. and 300 t/a for aluminium. 

The production of various brass and aluminium alloys will be: 
60% Cu + 40o/r Zn (brass)-750 t/a 
80% Cu + 20% Zn (bell metal)-250 tla 

Aluminium alloy-300 t/a 

Equipment 

The equipment not shared with the ferrous foundry will be as follows: 

(a) Melting 
Three oil-fired crucible furnaces (for gravity casting). fitted with air 
control automatic burner. etc .• including chimney 
Hot-chamber die-casting machine with high-pressure plunger 
goose-neck attachment: 

Locking capacity 13 t 
Plunger diameter 11/2 in .. area 1.76 in.2 

Pres:;ure on metal 71'2 t/in.2 

Volume per shot 13 in.3 

Weight per shot, aluminium 1.25 lb 
Weight per shot, brass 3.9 lb 

Automatic sand-core-making machine (duplex-type) for gravity casting 

Automatic shell-moulding machine (duplex-type) for gravity casting 

Beryllium-copper steel dies 
Hand shanks, capacities of I kg, 2 kg and 5 kg. Core-keeping trolleys 

(b) Fettling 
Fettling machines (pneumatic type) 

(c) Trimming 
Trimming machines, belt sanders etc. 

Forging shop 

Products 
The minimum factory production of the forging shop will be 5,000 t of 

finished forged parts per year, i.e. 20 t of forged parts per day for 250 working 
days per year. 

Equipment 

(a) Forging 
Hammer forging machine, 80 t capacity (fm hot forge) 

Upset forging machine, 40-t capacity (for hot forge) 
Drop forging machine, 40-t capacity (for hot forge) 



(b) Heat treatment 
Preheating furnace up to 1.600° C. oil-fired or electrical heating with 

thermostat control 

Annealing furnace 

(c) Billet cutting 
Gas cutting machine, machine parts, shearing machine. :ibrasive cutter 
and pedestal grinder 

( d) Inspection and metallurgical laboratory 
This wi~! be part of the central foundry 

( e) Mechamcal handling 
Forklift truck, EOT crane, bins, weighing scale up to 5 t 

Material specification for forging tools and dies 
During forging operations there are three mai::l causes for tool 

deterioration: pressure, abrzsion and heat. 
The problem is more serious for dies, since these are in more intimate 

contact with the hot material for a much longer period of time. Tungsten and 
chromium are the two alloying elements found to be the most effective for the 
selection of die material. 

The composition of die steel for forging would be as follows: 

Carbon 0.4 to 0.5 per cent 

Tungsten 18 per cent 
Chromium 3 to 4 per cent 

Iron, remainder 

Alternative composition of die steel for forging could be: 

Carbon 0.8 to 0.9 per cent 
Chromium 3 to 4 per cent 
Manganese 0.5 to 0.6 per cent 

Iron, remainder 
Heat-treatment of the tools is done according to the manufacturers' 

recommendation. 

Central tool room for manufacture af tools, jigs, fixtures and precision parts 

The role of the central tool room will be to perform the following functions 

for rural industries: 
Manufacture of jigs, tools, fixtures for production facilities 

Training of highly skilled tool makers 
Maintenance of all special-purpose tools 
Manufacture of precision spare parts for the industry 

The tool room will be geared for precision work up to 0.00001 in. and 
surface finish up to 0.2 microinch. 



Production 
The tool room will be capable of handling per annum the following: 
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Grinding and lapping of 1.000 milling cutters. including high-speed steel 
(HSS) and carbide-tipped tools · 

500 jigs and fixtures weighing 100 t 

1.000 simple jigs and fixtures weighing 100 t 

Sharpening of 200 broaches 

Grinding of 500 special gear cutters 

Equipmem 

An essential equipment list is given below. Detailed specifications are 
reflected only for special machines in tool _room work. 

Too/ room high-precision machines 

Jig boring machine with all accessories 
Boring and facing head, boring bars, collet chucks, internal micrometer, 
depth measuring attachment, auto-positioning jig boring machine capable 
of sensing position to an accuracy of 0.0002 in. In order to ensure the most 
sophisticated precision machining, the machine should be equipped with: 

Two-dimensional tracer-controlled copy milling 

Automatic profile generation 

Auxiliary horizontal boring spindle 

Automatic selection of co-ordinates 

Automatic quill-retraction system 

The specifications of the machine should be as follows: 
Work table 60 in. x 30 in. 

Work table longitudinal traverse 45 in. 

Work table cross traverse 26 in. 

Spindle speeds (stepless) 40-2,000 rpm 

Spindle feeds (8 up and down) 0.0005 m. tn 0.012 in. per spindle 
revolution 

Precision universal grinding machine with accessories 

Height of centres 6 in., distance between centres 24 in. to 60 in. 
Wheel speeds (2), 1,561 to 1,910 rpm 

Work speeds (4), 40 to 200 rpm 

Table speeds 3 in. to 192 in. per minute 

Wheel head infccd 0.003 in. to 0.0002 in. 

Work head swivel 90° right, 45° left 

Wheel head swivel 90° right, 90° left 

Underslide swivel 90° right, 9Cl° left 

L--------------------------.-.-.-................ . 



Tool room die-sinking machine (duplex-head-type) with electro-hydraulic 
tracer control 

Table size -Hs in. x 24 in. 

Maximum depth of die lO in. 

Maximum leng:.:h of die 20 in. 

Maximum width of die 20 in. 

Spindle speeds 30 to I, 800 rpm 

Horizontal, vertical travel 0.25 in. to 20 in. per minute 

Automatic horizontal and vertical step feed 0.0 I 0 in. to 3 in. per stroke 

Precision cylindrical grinding machine with internal grinding attachment 

Maximum wheel diameter 20 in. 

Maximum wheel width 4 in. 

Height of centres 61'2 in. 

Capacity between centres 24 in. to 72 in. 

Wheel speeds (2), 955 to 1,205 rpm 
Work speed (6), 16 to 235 rpm 

Table speed 3 in. to 240 in. per minute 

Optical dividing head 
Calibration can be up to 2'' of arc. Maximum distance between centres 
18 in. 

High-precision gauge-grinding machine 

(Specifications will be as above) 

Precision internal-grinding machine 

Precision surface-grinding machine 

Longitudinal traverse 22 in. 

Cross traverse 8 in. 

Maximum height from table to centre spindle 161/2 in. 

Working table 20 in. x 8 in. 

Universal milling machine with accessories (standard machine) 

Universal horizontal boring machine (standard machine) 

Precision lathe with all accessories (standard machine) 

Precision universal broach-sharpe. 1g machine 

Suitable for both internal and surface broaches, maximum length of 80 
in .. micro-feed attachment and built-in frequency changer 

Precision twist-drill grinder with attachment 

For grincting twist drills, both left-hand (LH) and right-hand (RH), 
high-speed steel (HSS) ~nd carbide-tipped, diameter 1/a2 in. to 3 in. 

Precision automatic face-mill grinder 

I 1r grinding and lapping face-mill cutters (LH and RH) tips for HSS and 



tungsten carbide. milling cutter diameter t~ in. to 12 in .. maximum 
grinding-wheel size 10 in. x 1!2 in. x 11/2 in. bore. 

Double-endeti grinding and lapping ;nachine with angle plate and tahlc 

(parallel face) 

Mcu.imum wheel size 8 in. x 3 in. 

Wheel size for lapping 6 in. x 1/1 in. 

Precision tmning Ia.l--P wi~ .• cross st:de swivel for turret 

Standard uprigh: drilling machine 

Standud radial arm drilling machine 

Standard knee-type milling machine 

Standard shaping machine 

Doub:e-ended grinding machine 

Double-ended polishing machine 

Band-saw with endless saw blade 

Electric arc-wtlding machine, up to 800 A 

Standard 
medium-si.:.e 
machines 

Electric spot-we1ding machine, up to 3/s in. thickness to be: welded 

Precision surface tahle 36 in. x 36 in., weighing 1/2 t 

WorkiPg surface tahlc 24 in. x 24 in., weighing 2(J0 kg 

Heat-treatment furnace 

30 in. x 20 in. x 20 in., ttmperature up to 1.600° C, electrically heated 

Qu~nc~1ing tank 36 in. x 36 in. x 36 in. 

Fiaers' bench, vices, universal vices, hand tools. drill sets expanding 
reamer set, ~earners, taps, drills etc. 

Measuring instrumems 

Horiwntal ;tigh-precision optical comparator 

Total range of scale ± (l.005 in. 

Graduation of scale O.OOOO:'i in. 

Vertical movement of workpiece 33/s in. 

External maximum dian•eter 4 in. 

External maximum distance 6 in. 

Minimum pitch diameter gauged 25/32 in. 

Facilities ki rapidly and accurately checking external and internal plain 
cylindrical gauges, screwing gauges 

Tool-maker's microscope 

With compound table, work ceatre cradle, ve-.::-support, nrotra:.:tor ocular 

Precision slip gauges (3 sets required) 

I set comprising 81 pieces in accordance with the srecifications (BS888) 
given in table 10 
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TABLE !IJ. SPEC!F!CAT!ONS FOR PRff'ISION SLIP GAUGES 

Rang<' li11. i Stt>ps fi11.J Pit>n·s 

0.100 I - 0.1009 0.0001 9 
0.101 - 0.14ll 0.00 I 49 
!l.05 . 0.95 0.05 19 
I. 2. 3 and 4 4 

Universal test indicator set 

Dial indicator, baclc pmnger with an anvil of 1il6 in. 

Radius 

Graduation 0.00 I in. 

Read?ng 0--100 or 0-50-0 

Range 0 to 0.2 in. 

Lever-type dial in Jicator 

Standard reference vernier 

Vernier depth gauge 

Open vernier 1eading direct to l>.O(J 1 m. 

Vernier height gauges 

Capacity from 0 to 36 in. 

Capacity from 0 to 18 in. 

Base tangent calliper 

Capacity up to 4 in. 

:'.eading to 0.001 m. 

Other 

( ir<ldt' 

For workshop 
For inspection 
For calibration 
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Vernier callip~~rs, squares, engineers' squares, bevel protractor, 
combination sci. small hole gauge, telescopic gauge, end-measuring 
micrometer set, depth gauge micrometer, internal micrometer, hand-grip 
deep-frame micromeier, thread-measuring tools and micrometer 

Central repair, maintenance, prototype manufacture and training shop 

Common er ineering services will provide all-rnund maintenance facilities 
to the small and rnediup;-sizi:· firms in rural areas. With the available machir.ery 
and equipmen~ it will be possible for the development centre to manufacture 
prototype agricultural p.-oducts designpti by the product development <tnd 
design service section. Mor~over, extended training facilities can be provided in 
this section so that the workers will recei"e training in manufacture, repair and 
plant maintenance. In this way links can be established between the design and 
engineering sections of the CC!ntre and also with the industries. 

Minimum machi11ery and equipment required 
Lathe for turning and screw cutting 

Maximum swing over hcd 36 in. 
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Capacity between centres T2 in. 

Maximum length of threads 6 in. 

Maximum diameter of thread 6 in. 

Maximum pitch 5 threads per inch 

Capstan lathe with hex-turret and all accessories 

Diameter of hole through spindle 21'2 in. 

Maximlim swini. under overhead support 13 1/2 in. 

Maximum distance of spindle flange to turret 33 1/2 in. 

Mmrimum length of bar stock 8 in. 

Universal milling machine with compound dividing head and vertical milling 
attach men. 

Capacity 30 in. x 8 in. x 20 in. 

Speeds 18, ranging from 26 to 1,250 rpm 

Feeds 18, from 1/2 to 30 in./min. 91/2 in. diameter, universal dividing head 

Knee-type milling machine with dividing head 

Capacity 30 in. x 18 in. x 20 in. 

Speeds 18, ranging from 26 to 1,250 rpm 

Feeds 18, from 1'2 to 30 in./:nin 

Horizontal boring machine with sliding head and swivelling work taale 

l\~aximum diameter face and bore 60 in. 

Spindle traverse, vertical 7 1/2 in. to 65 1/2 in. 

Revolving table 4~ in. x 48 in., maximum distance facing slide to boring 
stav 140 in. 

Cylindrical grinding machine with internal grinding attachment 

Grinding wheel size 20 in. x 2 in. diameter x 8 in. 

Maximum diameter ground I 0 in. 

Maximum length between centr~~ 72 in. 

Roll face length 48 in., maximum weight of roll 350 lb 

Surface grinding machine with magnetic table 

Size of tC1ble 20 in. x 8 in. 

Longitudinal trave! 22 in. 

Traverse travel 8 in. 

Griruli::ig wheel 8 in. diameter 

Radial arm drilling machine with universal table 

6 ft spindle radius, capacity 3 in. diameter in MS 

Speeds 15 to 1,500 rpm, 17 step!'> 

Feeds 0.004 to 0.030 in./rev, 6 steps 

Upright drilling machine 

Capacity 3 in. diameter in mild steel ~MS) 



Speeds 15 to 1.500 rpm. 17 steps 

Feed~ 0.004 to 0.030 in./rev. 6 steps 

Gear-hobbing machine with accessories 

i3 

Maximum distance from centre of wurk spindle to centre of hob arbour 
51/2 in. 

Hob arbour diameter 11/4 in. 

Maximum hob outsidr. diameter 4 in. 

Maximum diameter pitch (DP) module cast iron or steel 4 to 16 

Gear-shaving machine with accessories 

Capacity 18 in. diameter 

Pitch diameter 1 to 18 in. 

Outside diameter maximum 18.875 in. 

DP or module 4 to 16, cutter diameter 9 in .. maximum face width IO in .. 
maximum crown width 6 in. 

Vertical lathe with turret slide arrangement and side tool attachment 

Table diameter 16 in. 

Maximum diameter of work 4-1 in. 

Down feed of turret tool head 24 in. 

Vertical traverse of side tool 30 in. 

Heat Lreatment filrnace 
Oil-fired or e! 0 ctrically-heated heat-treatment furnace, maximum 
temperature up to 1,200° C with thermostat control 

Quenching tank 
Steel-made tank 36 in. x 36 in. x 36 in. 

Press brake 

Maximum bending pressure 50 t 

Effective work length 100 in. 

Width of table 8 in. 

Stroke 0 to 4 in., number of strokes per minute 9 

Eccentric press 

Capacity 50 t 

Blank thickness up to 1/R in. mild steel (MS) 

Tu'1c-bending machine 

Maximum tube diamett.:r 2 in. in MS 

Nibbling machine 
Maximum tc:nsilc strength of plate 50 t/in.2 

Edge cutting, up to 1/r, in. 

Number of strokes ~er minute 2,800 to 1,400 

Maximum circular cutting 28 in. diameter 



Shearing machine 

Shear in mild steel plate up to 15/3 2 in. 

Shearing length 100 in. 

Strokes per minute 15 

Hydraulic press 

Ta 1J1~ size 24 in x 24 in., capacity 5 t 

Electric arc-welding set 

Maximum current 500 A 

Electric spot-welding set 

Maximum thickness of material, MS 1
/4 in. 

Oxyacetylene welding set (standard) 

Profile gas cutting machine 

Maximum size tCl be cut, 48 in. diameter 

Crankshaft turning machine 

Crankshaft size: length 30 in., diameter 3 in. 

Crank~.haft grinding machine 

Crankshaft size: length 30 in., diameter 3 in. 

Portable tools and equipment 

Drilling, grinding, trimming etc. 

Electrical measuring equipment and maintenance equipment 

Common services 

Electric compressor set 

Water tank, oil tank and pipeline 

Electri~ substation 

Fork-lift trucks, cranes etc. 

Fitters' bench, cupboards etc. 

Machinery for training (medium- and small-size) 
Lathes, milling machines, drilling machines, welding machines, boriilg 
machines, and all the machinery in the maintenance shop for practical 
training 

Central galvanizing, electroplating and phosphating plant 
The processes of galvanizing, electroplating and phosphating are used to 

protect the surfaces of the components associated with the agril:ultural 
machinery and equipment. It is difficult for the small firms in rural areas to 
install :n their own plant metal-surface treatment machinery, which is generally 
capital-intensive and beyond the means of smal' establishments. In order to 
provide this service for the industries in rural areas, the development centre can 
install such a p'ant for common engineering use. 

----------.------
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The plant will be able to ensure the processing of chisels, tines. discs. gears . 
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Other parts, the bright-zinc plating of nickel and chrome plati:lg of tractors and 
implements and other equipment. 

Metal-surface treatment will involve various processes: 

(a) Bright-zinc plate, passivated and bleached. Any conventional bright-zinc 
plating process to give a minimum thickness of 0.0003 in .. involving passivation 
with a conventional chrome-type passivating solution and bleaching to give a 
zinc coating of good appea;ance which will withstand 48-hour acetic acid salt 
spray, conforming to ASTM 8. 287; 

(b) Copper and nickel plate. Any conventional copper plating process followed 
by a conventional nicKel plating process to give a minimum thickness of 0.0006 
in. and good appearance; 

(c) Copper, nickel and chrome plate. Any conventional copper plating prvcess 
folbwed by a conventional chrome plating process to give a resultant thickness 
of 0.0006 in. and a good appearance, conforming with BS 1224; 

(C.) Phosphate, stain and oil process. Any conventional phosphating process. 
providing it conforms with a particular weight, dyed by any approved water stain 
and sealed by any approved oil to give corrosion protection specified by 
manufacturer; 

( e) Parko/ubrize process. Phosphai:i;;; with parkolubrize and seal with an 
approved lubrication oil to give a good corrosion 11•~tection surface. 

Equipment 
(a) Parkowbrize, bonderize and copper plating 

Ronderizing vat, 4 ft x 3 ft x 3 ft deep 

Hot swill vats 

Trichloroethylene degreasers 

Copper plate vats 6 ft x 3 ft x 3 ft deep 

Hoists and runways 

Parkolubrizing vats 3 ft x 3 ft x 3 ft 
6 ft x 3 ft x 3 ft 

Power requirement. The vat loads depend on the number of components 
per jig and the number of jigs ioaded. 

Total capacity 500 A 

For copper plating, 25 to 30 A/ft2 for the calculation of vat loading 

Parkoluhrizing, 15 to 25 min per vat 

Copper plating for carbcrizing, 30 min per vat 

(b) Bright zinc, copp:?r, nickel and chrome p!ating 

Equipment 

Trichloroethylene degreaser 
Zinc-plating vats 6 ft x 3 ft x 3 ft 

Galvanized hot-swill vat 3 ft x 3 ft x 3 ft 



Gat,·anized hot-swill vat 6 ft x 3 ft x 3 ft 

Galvanized cold-swtll vat 3 it x 3 ft x 3 ft 
Stainless-steel nitric-acid vat 3 ft x 2 ft x 3 ft 

Stainless-steel nitric-acid vat 4 ft x 3 ft x 3 ft 

Stainless-steel vat 3 ft x 3 ft x 3 ft 

Copper-plating vat 6 ft x 3 ft x 3 ft 

Zinc-plating ban-el 

Nickel-plating vats 6 ft x 3 ft x 3 ft 

Chrome-plating vats 6 ft x 3 ft x 3 ft 

Rinsing vats 3 ft x 3 ft x 3 ft 
Variou!' J;l i.aps. bench•!s. vi\:es. jigs. hoists etc. 

Estimated proass rime. This is as follows: bright-~inc plating 15 min: barrel 
zinc plating f-i) mi11; ;md copper. nickel. and chromium plating 60 min. to give a 
thickness 0.0006 in. 

(c) Other requiremems 
The electroplating ~hops need a suitable chemical laboratory with 

equipment for the analysis of ~hemical and treated surface properties of parts. 

Central heat-treatmelll shop 
!-lea~ treatment is essential to condition steel parts for greater load bearing 

and surface hardness. The equipment is also capital intensive and requires a high 
degree of chemical and metallurgical attention. The following heat-treatment 
processes should be provided for: normalizing and annealing: case-hardening: 
01rburizing, hardening and tempering: induction hardening: cyanide and 
neutral-salt h(;r·'-~ning and tempering. 

(a) Normali:.ing and a1111eali11~ 

The equipment required is as follows: 

Continuous normalizing furnace 

Trolleys (overhead rails) 

Hand trays and stillages for storing 

The process time is 15 min. 

(h) Case-lumle11i11g 
This is the usual and most economical method for "deep" cases or for parts 

which require grinding after hardening. It is most suitable for the handicraft!' 
and small-scale level. 

The process requires the following equipment and supplies: 

Charcoal grains 1/4 in. to 1/2 in. 
Case-hardening hoxcs 12 in. x 18 in. x 12 ;n. 
Oil-fired furnace 36 in. x .16 in. x 36 in., with temperatures up to 
900" c. 



Water or oil-quenching tank 48 in. x 48 in. x 48 in. 
1!4-t hoist 

77 

Case depth is up to (J.040 in. at 900° C for 4 hours for small pieces up to 
I in. x 1 in. x I in .. an.:1 up to 0.()40 in. at 900° C for 8 to 12 hours for 
relatively large pieces to be carburized. 

The following are the general case-hardening steels used ir. agricultural 
machinery industric~: 

.'ip1•rifin1tior1 Refillinf{ (!11<'nd1i11g llurclt-nini: Q11•·m·lti11g 

EN 32A 87W-9tKJ° C Water or oil 760 '-7811° ~· \\'ater 

EN 32C 870°-9tl0° C Water or oil 7ll<l°-78W C: Water 

EN 32M 870°-900' c Water or oil 7611°-7>111° c Water 

EN 361 8511°-88ll° c Water or oil 7811°-820° c Oil 

EN 362 850°-880° c Water or oil 7>10°-820° c 

(c) Carhurizi11g hare/ming and tempering shop 

The following equipment is required: 
Carhurizing furnace with endothermic generator using propane and town 

gas (if available) 
Hardening furnace. oil-fired or electrically heated 

Oil-quenching vats 

w~ter-quenching vats 

Trychlnroethykne degreasers vat 

Mobile crane 
Hoists for degreasers 

Cooling conveyer 
The case depth achieved is a function at time as follows: 

I li'ptll ( i11.1 l im•· (111 

0.0 IO 
11.1125 2 
0.035 3 
11.035-0.070 (i 

0.11711-0.085 IO 
0.085-0.100 14 

~alt tempering requires a :,alt-type ~cmpering furnace and a 
trichlorocthylene degreasi::rs va:. Tempering time is 60 minutes. 

( d) / 11d11ctio11 lwrdmi ng 

Equipment requirements arc: 

145-kW hardening furnace 

75-kW tempering furnace 

60-kW tempering furnace 

Oil-quenching tank 

Water-quenching tank 

Washing plant 

Electric grah-crar.c 
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An alternative to heating by induction 1s to use an open-hearth 
hand-con~roiied hardening furnace. 

( e) (~mnide and newra/-sa/t hardening and tempering 
Cyanide hardening is used for very small parts to be heat-treated in hatches. 

The foliowing equipment is needed: 

Twin 24-in. cyanide pots 

Trichloroethylene degreaser vat 

Pre-heating pots 

Oil-quenching vats 

Water-quenching vats 

Ben~~hes for wiring ami degreasing 

The case depth achieved is as foilows: 

Deprh (in.) Time (mini 

0.005 30 
0.010 60 
0.015 90 
0.020 120 
0.025 150 
0.030 180 
0.035 210 
1Ul40 240 

For tempering after cyanide treatment. a 55-kW tempering furnace. a 
continuous salt-type tempering furnace and loading trolleys are required. 

C. Promotion of andllary industries 

In order to promote industries supplying components to the manufacturing 
units in rural areas. assistance is required from government institutional facilities 
in the following fields: industrial extension services. financing of projects. 
industrial estates, co-operative action, and regional and subregional 
uepartments for industrial promotion. 

In close co-operation with the centre and government institutional 
participation, investms (both in the private and public sectors) can install units 
to manufacture the following products: transmission gears including crown 
wheels and pinions for tractors; discs, whee;! and rim and sheet-metal 
components; hardware, for example bolts, nuts, springs, hooks and chains; 
automohile accessories, for example air filters, oil filters, silencers. and gaskets; 
electrical components and accessories, horns, dynamos, starters etc.; 
imtruments and gauges. 

VII. NATIONAL POLICY AND PLANNING 

In order to formulate a comprehensive plan for the systematic development 
of agricultural machinery and allied engineering industries in the rural areas of 
developing c,1untries, there is a need for national planning. This can he 



formulated through an agricultural 111<1chinery hoard. a high-powered body 
under the ministry of agriculture. planning and industries. The board will 
formulate the national policy on the basis of the following factors: 

(a) The technological need for agricultural machinery industries in rural 
and urban areas; 

(h) The development of an infrastructure for centralized or decentralized 
growth of technology coupled with a technological information system. services 
and know-how; 

(c) An institutional system for accelerated absorption of ·:ppropriate 
imported technology. development of domestic technology. and transfer of both 
imported and domestic technology; 

(cl) An R and D plan for domestic technology. 

Such planning and policies should provide guidelines in terms of fiscal and 
regulatory devices to encourage domestic technological development and allow 
:.ufficient i1T1port of foreign technology in the most critical sector of 
development. 

A. National plan 

To promote and implement the policies of the agricultural machinery 
board, a national infrastructural facility is required and can best be achieved 
through an agricultural machinery industries devdopment corporation. This 
wo11 ld be an autonomous and semi-official body. Its main functions would he as 
follows: 

(a) To define technology requirements at various le·1els; 

(b) To assist with meeting the requirements of industry for plant. 
infrastructure facilities (electricity, water. ;;anitation etc.), machine tools. 
equipment and metal-working processes, specification of material and products; 

(c) To make a comprehensi'le survey of existing industry and the possible 
future demand for improved machine tools, equipment and manufacturing; 

(cl) To draw up a plan with a time target for product identification and 
development of agricultural machinery best suited to local conditions. 

Such a plan should elaborate a manufacturing programme and the complete 
range of production on the basis of: 

(a) Accelerated manufacture of indigenous parts and components; 

(b) Promotio:i of co-operative manufacturt.' of parts through the 
interlinkage of technological institutional service faciliti:s and small. medium 
and large industries in the rural areas; 

(c) Promotion of indigenous subcontracting through the interlinkage of 
manufacturing units; 

(cl) Reducing imp. lrts of raw materials, parts and components to complete 
the assembly of indigenous manufactured items; 

(e) Importing complete units of agricultural machinery which cannot he 
produced within the development plant: 
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{/) Co-ordinating the comprehensive technology expansion plan with the 
overall development plan of the country in order to determine the ovcraii 
requirements of agricultural machinery industries as compared with the rest of 
the engineering and allied industries sector; 

(g) Establishi!lg a national plan and target for managerial aod skilled 
workers and developing a comprehensive training plan in order to supply 
labour. particularly in the rural areas; 

(h) Planning an institution:1l and technological interlinkage among the 
rural industries through the agricultural machinery and allied engineering 
industries development centre. 

The national technological plan for interlinked development should 
accordingly be carried out at an institutional level through organizations able to 
draw on support from both private and public sector industries. The proiJosed 
agricultural machinery industries development corporation will be the most 
suitable institution for executing such a development plan set out by the 
agricultural machinery board for greater rural industrialization. 

8. Government policies to promote interlinkage 

The overall government policies for interlinking development in the rural 
areas will be established through the agricultural machiner~' industries 
development corporation and the agricultural machinery and allied engineering 
industries development centre. The former will be responsible for promotional. 
fiscal, legislative and financial aspects of interlinking development, and the 
l~tter for institutional and technological aspects. 

Government policy for manufacturing and technological linkage will be 
channelled through the development centre by the following means: 

(a) Promotion of technological advisory services; 

(h) Incorporation of common engineering service facilities through direct 
government investment where industries in rural areas will be able to obtain 
castings, forgings, precision tools and equipment, jigs and fixtures, proper h(;at 
treatment facilities and metal surface treatment facilities at a reasonable price; 

(c) Creation of nmfe ancillary small- and medium-scale industries under 
the agricultural machinery industries development corporation to produce parts 
<!nd acccs•:orics by: 

\i) Accommodating them on rural industrial estates with nominal rent. 

(ii) Offering financial incentives and participation for investment in plant. 
machi:.~ry and equipment, 

(iii) Liberalizing import facilities, 

(iv) Providing training faciliti~s through the dcvclopmc;it centre and 
training institutes: 

(cl) Estahlishing a co-operative manufacturing programm~ through the 
government policy for co-operative rural development; supplying prototypes 
developed and ma11ufactm cd by the development centre to small industri"·s; 

(<') Estahlishment in rnral areas of R and D centres responsible to the 
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agricultural machinery board and the development centre. This arrangement 
••. ;11 -~,, •. ;,.a,.,, &--~"·~"1 .. • ,...,. ..... ..._ .......... 6'-.. l ,_,_ =---.............. - ...... : .... - ... •,..a ............. _-_ .. _.-•· .. --=-·· 
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Government policy will be to prvvide finance and km"w-how: 

({) Encouragement of subcontracting among local industries by: 

(i) Regulating imported parts and components 

(ii) Import substitution, 

(iii) Providing raw materials for rural industries. through imports or local 
agents; 

(g) Standardization of parts. components and products to create rural 
stability; 

Interlinkagc through the development centre will b•: achieved by the 
following means: 

(a) Extending management services particularly at the handicrafts and 
small-scale level; 

(b) Extending facilities for product development and design services linked 
up with government R and D centres for prototype design and manufacture: 

(c) Creating procurement facilities for raw materials and marketing 
services by establishing raw material banks in rural areas, co-operative 
marketing institutions. marketing and export houses, and seminars and 
exhibitions; 

(d) Creation of industrial estates in rural areas. which will be the most 
suitable means of bringing the ancillary and small-scale and medium-scale 
industries closer for effective interlinking development. This will create a 
greater subcontracting process and promote greater usage of machinery and 
equipment. 

Government policy to promote administrative interlinkage will he through 
participation of the department of agriculture 2nd industry and the agricultural 
machinery industries development corporation. 

Government policy will involve the following: 

(a) Registration of all industries and manufacturing establishments in rural 
areas; 

(h) Establishment of an inventory of all machinl!ry and equipment 
available in the rural industries, and supplying it to all the rural industries so that 
the availability of machinery can he ascertained easily among them as and when 
required; 

(c) Publication of a free agricultural industries direccory outlining all 
details including product specifications, facilities available and facilities 
required; 

(d) Administrative import procedures, import substitutions and restriction 
on import of products manufactured locally; 

(e) Providing factory inspectors; 

({) Introducing factory laws and safety measures; 

(g) Co-ordinating with government departments to extend services. for 
example, electricity, water, sanitation, roads etc.; 



'i) ·-
(h) Introduction of a technical monthly bulletin to keep industries ahrcast 

..... ;.a... ...J ........ ..,,_..,, ___ .. _ .. _ 
w1u1 u1;;v1;;1upun;1u, 

(i) Introducing standards for weights and measures and products. 

Government policy on taxes and legislative interlinked development will 
include the following·: 

(a) Common taxation system for all rural industries, including tax n:hates 
for new industries and special reduced taxation for handicrafts and small-scale 
industries: 

(b) Labour laws for 1 ural industries; 

(c) Safety regulations; 

(d) Factory laws for rural industries; 

(e) Welfare schemes for workers; 

if) Special tax exemptions in backward areas; 

(g) Special reduced import duties and tariffs for industries m hackward 
areas; 

(h) Manufacturing and licensing procedures for foreign industries under 
co-operation ugreements, and for indigenous industries: 

(i) Regulating imports of raw materials and provisi;.m of special facilities 
for the least developed areas. 

Government policy on financial interlinkagc will he based on the following 
facilities extended to rural industries: 

(a) Gc1vernment loan scheme for industrial development; 

(b) Financial assistance through state financial corporations and rur:.il 
banks; 

(c) Bringing the private and public banks closer; 

(d) Credit guarantee schemL. ror local and export market opportunities: 

(e) Supply of machinery and equipment on hire purchase; 

if) Outright grants for machinery and equipment in backward areas: 

(g) Gm ernment financial subsidy; 

(h) Government subsidy on transport especially where this is expensive; 

(i) Liberal import policy and duty-free machinery, equipment and 
material for industries in backward areas; 

(j) Liberal finance for working capilal requirements for handicrafts and 
small-scale industries. 

C. Administrative implementation mechanism 

As shown in figure X the administrative mechanism would include: 

(a) Policy and planning. The highest body will he com11oscd of ministries of 
agriculture, industry. planning, finance, labour and employment, and the 
representatives of the agricultural 1J.;1chinery industries c.kvclopmcnt 
corporation and the agricultural and allied engineering mdustric" d1:vclopmcnt 
centre. 
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l'igu;e X. lntertinked development of agricultural machine') indu!l1ries in 1&1ral areas 

(h) Development and promotion according to hoard directives. Facilities 
extended through the development corporation wil! include investment 
pmmotion, finance, factory allocation, facilities etc. The corporation will he 
composed of representative·; from the ministries of agriculture, industries, 
planning, fi:-.ance, lahour and management, puhlic we;~ ks, private and puhlic 
sector industrialists, government departments and agencies, non-governmental 
agencies and institutes and R and D centres, chamher of commerce and 



industry. and the director of the prot.-osed agricultm e machinery anJ alliL"J 
..!n~ir.eering industries development centre: 

(c) Promotion ami interlinking facilities. The development centre will hc 
composed of a board ot directors ~from private and public sector industries). a 
managing director and administrative staffs: 

(d) Development of agricultural machinery and equipment to meet lo1:al 
conditions: 

(e) Strengthening of existing or establishment of a new R and D centre 
for agricultt.:ral machinery to co-operat··~ closely with the development centre 
and local industries. The ct.1tre will repon t~) the agricultural machinery hoard. 

D. Entrepreneurship promotion 

This is one of the most imµortant aspects of interlinked development policy 
in rural areas and requires special government concessions. inciuding the 
following: 

(a) Credit facilities to :icquire machinery, equipment, and factory premises. 
machinery and raw materials; 

(h) Planned factory accommodation thr Jugh industrial estates; 

(c) Training schemes and programmes to attract th~ entrepreneur: 

(d) Marketing facilities for entrepreneurship promotion, through a 
co-operative marketing operation. government centres and marketing and 
export houses. 

Promoticm of entrepreneurship needs an atmosphere of confidence for 
investment, a government policy. and rear stic µJanning. 

VIII. GUIDELINES FOR INTEGRATED PROGRAMMES 

The guidelines for integrated dt.velopment programmes envisage planned 
development of the following aspects: design and prototype manufac~ure; 

manufacture within availahle manufactuing resources; and maintenance 
serv1<.es. 

Consideration should he given to the identification and actual requirements 
of agricultural machinery and equipment based on the sophistic:ltion of the 
industry and the mechanization policy of the c1mntry as determined hy local 
conditions. Product groupings should he established in accordance with the 
follo\l·ing rnnditions; 

(t.!) Crop to he produced; 

(h) Application of other input materials; 

(c ~ Application of machinery ai1d ..-quipment ac(.,mJir1g to the selected 
level of technology, for 1.!xample: 

(i) Agricultural hand toflls and manually operated equiprr.ent. 

(ii) Agriculrural animal-drawn machinery and implements, 

(iii) Agricultural pm-.·er-opcrate:• machinery and equipment. 
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,\ systematic and mtegrate<l deveiopment programme shouid bt: <lraw11 up 
on the hasis of a selection of appropriate technology to suit: 

(a) A local development programme of indigenous design; 

(b) A local development programme hased on partly indigenous and partly 
imported designs; 

{c) A local development programme based on adaptation of foreign design 
under either licensing or co-0peration agreements; 

(d) An import programme. 

A. Integra ~ed programme at national level 

Integrated programmes require development programmes for machinery 
and development programmes for manufacturing industries. 

Both programmes need to be matched at national level. Programming 
should be based on: 

(a) Creation of a programming group under tne agricultural machinery 
industries development corporation; 

(b) A statement of objectives, that is of the type. sophistication and 
quantity of machinery required over a given period, through imported design 
and an indigenous manufacturing programme, or through partly imported 
design and a partly indigenous manufacturing programme; 

(c) Allocation of resources, for example factory site, materials, equipment 
and manpower; 

(d) Estimation of time and costs for each activity; 

(e) Revision of the programme until acceptable; 

(j) Advice to the R and D centres for design and prototype manufacture; 

(g) The institutional and technological framework with the co-operation of 
rural industries to implement, monitor and control the programmes. 

B. lntegr;1ted programmes 

integrated programmes at the national level can be divided according t<, the 
level achieved in the least developed, intermediate developed an~ relatively 
advanced developed countries. 

In the least df.veloped countries the national programmes should be based 
on: 

(a) D~velopmcnt and manufacture of hand tools, hand-operated mac~:ncs. 
animal-drawn e~uipmcnt, harvesting tools, storage bins etc. (see st:ction H, 
technology levels I and II); 

(b) Institutional an<l technological frnmework (sections lv, V and VI); 

(c) National repair and .naintenance activities and comprehensive training. 

In the intermcdi?te developed countries the national development 
prngrarnmes should be based on: 



(a) Improvement of existing hand tools and hand-operated machines and 
animal-drawn implements (as described in section I I. technolog~ level i): 

(b) Developmer: o~ pumps. threshe:-s. crop protection equipment and 
selected tractor-drawn equipment and implements (described in section 11. 
technology level 11); 

(c) Reinforcing existing facilities by adaptation. prototyp~ manufacture. 
testing. repair and maintenance of existing machinery: 

(d) Institutional infrastructure (as outlined in sections IV. V and VI). 

In relatively advanced developed countries the national development 
programme should be based on: 

(a) Development of hand tools. pumps. engines. implements. crop 
protection equipmer.t. trailers. storage. silos. power-operated threshers. cleaners 
etc. (described in section II, technology levels I, II and Ill): 

(b) Licensing or foreign co-operation for the development of local 
manufacture of tractors, power tillers, engines. ~ombine harvesters. d~yers. 
crop-handling equipment, special implements etc. (described in sect=1m ii. 
technology levels III and IV); 

(c) Design and development of low-cost small tractors and power tillers: 

(d) Es~ablishment of ancillary industries for the manufacture of discs. 
wheels and rims, tyres, tran:;mission gears etc. (described in section IV); 

(e) Institutional and technological assistance iil de:;ign. development and 
prototype manufacture, repair and maintenance, (~"scribed in sections V. VI 
and VII); 

(f) ~~ 2nd D r;entres (described in section VII). 

C. Integration at regional level 

Consideration has been given, especially in Africa. Latin America. the 
Middle East and South Asia, to the formation of regional and subregional 
centres for the <level Jpment of agricultural machinery and equipment. At 
region31 and subregio11fll !cvels, the integrate.a programme can ht!st he carried 
out by: regional dev ;lopmer.t and design centres. regional pilot plants and 
regional co-opera•:0r. in the exchange of informatior.. 

D. lntegr;.Jted programme and co-operation among del'eloping countries 

Close cc-operatior. among developing countries can best be established 
through: 

(a) Transfer of de~igns from one country to the other where envimnmental 
and working conditions arc alike and the equip:nent is well suited to local 
farming conditions; 

(h) Joint development programmes for manufacturiug; 



(c) Information exchange in R and D: 

(d) Licensing and financial participation on a joint venture basis: 

•. -
l'l.' 

(e) Import and export of ancillary parts. particularly in the soft currency 
area~: 

(f) Extension of in~titutional and R and D linkage. 



. \m1ex I 

PROFILE OF AGRICULTURAL HAND TOOLS MANUFACTURE AT 
HANDICRAFTS LEVEL 

This profile covers selcc'.ed hand tools. c. g. -;padc. hoc. fork and sickle. Thc-;c simple 
tools .nr agricultural operation arc most used hy small farmers in dcvdcp;;-!;,: countries. In 
urhan areas where they an: used for gardening work it is rather difficult for small--;calc 
prnduct•rs to export their goods: their prospects depend on potential demand within local 
or regional areas. local market possihilitics shou'd he c;!rcfully sun·cycd. 

Overall enluation 

l "sen: smali farmers holding kss than 2 ha or gardeners 

.\frriwd of sales: can he sold direct!~ to farmer ... •.;r through whok ... ak di ... trihutor-. 

.\larker potemial. for de mes tic marl.;.cts or \cry limited cxr 1lrts 

Rec1uircmm1 oj femihilit\· swt!y: may not Ile necessary 

/-.".-;pen a.ui.\:t111ce: may he requin:d if modern machinery is used. Expert ad\ ice or 
heat treatment can improve on product quality 

Joillf 1·c11wn·: not recommended 

l.inkage 1i·ith <.ther i11dmtrics: w0<1d·,1,ork ng industries nr local carflcntcr.., 

Detailed !nformation 

TaLks 11-23 and figures XI <.ml Xii contain hasic information on the manufacture 
of ag:-i:ultural hand tools at :landicrafts level for a shop without electricity and a shop 
with a JO kW. SO Hz. ,,inglc ~hase. 2201240 V current supply. 

TABLE 11. PRODUCT SPFCIF!Ct\TIONS (FOUR SU.UTFD PROI>l'CTS) 

l'rnduct .'i111•1·ifH'll//tl/JI 

------------------------------
Spade 

Hoc (tined) 

Fork 

Sickle 

Material Jpccijfrn1im1s 

Blade and sh;mk si1c. overall length 20 in.: 
hladc si1c 8 ·,,_ x 6 in.: weight '.~ kg 

Maximum length of tine Ill in.: width h in.: 
tine di;tn1ctcr 112 in.: weight 1 kg 

Weeding fork. 3 pro11gs. length 1-l in.: width 7 in.: 
diameter of prong ~1 .. in.: tang horl' dian·~·:1·r 
11/4 in. (ni•nimum) to 2112 in. (maximum): weight 2 kg 

Length 1J in. 1.1aximum width I in.: harnl:c ~ in.: 
v. ci:z!it 112 kg 

Material spl.~ifa:ations for hand tools arc SAE I07X, .:arhon 0.72'(--0.1")':. 
tnan!!am•st· O.J0'.'--0.60'·;. The rnakrial i' ~•uitablc for forge and heat treatment. 
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Area 40ft x 30ft 

Nibbler 

~ 

-
--

..--· --------
-- -- -- ----

/ 
/ 

Assembly area 
and X 
hand-paint area 

/ ' 
/ ."' 

\ 
\.Work in progrE'ss/ 

.. , / 
'\ / 

'· / 
,>\ 

/ \ 
/ \ 

/ \ 
I \ 

Tool 
rack 

/ 

\ 

Electric arc-welding 

120amp ~ 

Welding area 

L.____ __ ...._ ____________ ....._ __ .._ ____________________ .___.. __________________ __, 

fipre AH. Layout of olad.•mith Ahop for production of agricultunl hand tool• at handicraft11 lenl 
(with elertridty supply) 



Product 

Sp;ide 
Hoc 
Fork 
Sickle 

Total 

T40J r ,.., nn"t.•'r"""r1'"~' ''"' ,.,a•r-
anULL 1...:... In.'\.JLl\...J'--llVl .. VVLUi'W'IC 

Shop 1t·itlw11t dn:ricin· 

Dai fr Annual Dai fr 
production produaio~• production 

4 I 000 12 
4 I 0011 12 
4 I 000 12 
4 I 000 12 --

I.'-1 4 000 48 

• Based or. 250 working days and an X-h shift. 

Floor area 

TABLE 13. MANPOWER FEQUIREMENTS 

Catef{ory 

Direct labour 
Skilled 
Semi-skilled 
Unskilled 

Indirect labour 
Skilled 
Semi-skilled 
Unskilled 

Total 

Shop 11:i:hou1 elearicity Shop "'ith electricity 

3 (including owner) " {including owner) 
.., 

(accounts clerk) 

4 9 

Ann1;al 

produaion 

3 000 
3 000 
3 000 
3 000 

12 000 

The required floor area is 300 ft2 (20 ft x 15 ft) for a shop without clectncily. 
1,200 ft2 (40 ft x 30 ft) for a shop with electricity. See figure:; XI and XII for layout 
plan. 

TABLE 14. ESTIMATED COST OF MACHINERY AND EQUIPMENT 

Hand-operared machine tools 

Oescriptio•1 

Hand shear, 
12 in. 

Coal-fired 
furnace with 
hand-bellow-
type blower, 24 in. x 
2'1 in. x 18 in. 

Anvil with 
pc lestal, 
200 kg 

Quenching tank. 
24 in. x 24 in. x 
24 in. 

Qwmtitr 

2 

1-~{timated 

cost 
(rlo fors) 

200 

,., 200 

200 

300 

f:lectricalfr operrtt•d machine tool{ 

/Jrscription 

Power shear. 
1/4 in 

Oil-fired or 
coal-fired 
furnace, 1/2 hp, 
24 in. x 24 in. x 
18 in. 

Mechanical 
spring forge 
harr:mcr, I t, 
3/4 hr 
Quenching tank, 
36 in. x 36 in. x 
36 in. 

Quantit~· 

£-:stimated 
(°(){( 

(do/Ian) 

500 

5 000 

4 (){)() 

)(J{) 



llwui-upt'T<ll<'d m11,·lrin,· roof_, 

I >ncript ion 

Pedal-type 
grinding machirn:. 
P-in. wht·cl 

Pedal-type 
polishing 
nt<h:hine 

liand nibbk . 
1/4 in. 

Blacksmith"s 
tools and 
conventional 
•qols 

~-fiscellaneous 

Total 

l set 

/- \ll11!<1l<'d 

OJ.\/ 

td11if.ir., I 

100 

toll 

2011 

600 

300 

I t I.··,..,,; 1" r 1~>, / 1 . .,. ' .. ~ ............... . 

Anvils with 
pedestal. 200 kg 

Double-ended 
pedestal grinder. 
1/2 hp. 
12-in. wheel 

Double-ended 
polishing 
machine. 1/2 hp 

Manual roll 
herrling machine 

Electric arc 
w·:lding machine. 
i20 A 

Blacksmith"s 
tool set. 
1/4 in. portahk dri!I. 
paint can and 
hrushes 

Miscellaneous 

{! f l(lll /11 \ 

, 

I set 

TABLE 15. INVESTMENT REOUIREMENT 

( /)o//an) 

Ht.1sic inr1•stm1•111 

Fiwd rnpital 

Land 
Building 

300 ft 2 at $5 
200 ft 2 at $5 

Furniture. fittinp. r;1cks etc. 
Mach!nery and c4uipmcnt 
Electrical installation 
BuilJing 
Transport (cart or trolley) 
Contingencies 

Total fixed capital 

WorkirR rnpital 

Direct material n months) 
Lahour (3 mo.:1hq 
I ndirccl cosh 

Shop ><·i1/i.1w e/e1·m1·i1_1· Sho1p 11·i11, 1•/ntrin1_1· 

I .'iOO 

6 000 

300 WO 
4 000 12 .'iOO 

I 000 

50 31hl 
1 ()() )00 

l.'iO 3110 

(i 100 21 200 

Hl.'i 2 3711 

9.'iO 2 87.'i 
.\00 6110 

CO\[ 

I .ft1/l<1T, I 

200 

.:+.JO 

200 

6011 

5011 

12 500 



' 

Training cost' 
Contingenci1.:s 

Total working carital 

Total in\'esirnent a 

• Exdu,lin~ i:nst nf land. 

35 

2 too 
S 21Hl 

:-1111 

I:':' 

h :\Pf' 

27 7011 

TABLE 16. ANNL'AL DIRFCI ~IATERIAL cc~:..;r 

Siron •nth .. [,·,·m.-111 
----~--~--- - ------- --

l'°t'iglzt Prit·c 
t>f ,,_,.Till\" 
/>/aifr mt11ait1/ 

Ir. .,, 1kg1 11r unit 

s,iadc" 1.5 0.30 
Hoea 1.0 ll.30 
foe(.,: a 2.0 ll.30 
Sick lea 05 IUil 

Subtotal 
(') un'.t) 

Wooden handle" 0.-lO 
Handle (sickie)" ti.I(} 
Nails and 

fcrrulesh 
1 :1r;. scrap 

for steel 

Total 

a M;,nufai:turcd in ow11 shop. 

h Bought finished. 

.·\11111ml I, >r,,-; .·I nmwl 
produc- '''" prodtll"-

llttfl m.uaial (·,I\{ liOll 

/ 1111it'I 1J.g1 1 tmtl\ I 1J.g1 

I ooo I :\Oil -l :'1 l ) Ill l( 

I 000 I 000 :no 3 000 
I 000 2 111)() (l()() 3 ()(}() 
I 1100 500 150 3 1100 

-l (}()() 5 ()()() I 5.>n 12 ()()() 

.1 000 I 200 l) ()()(I 

I 000 100 3 000 

200 

230 

3 260 

TABLE 17. ANNUAL INt)IRECT ~·1ATERIAL COST 

( [)of/arsJ 

I 111<1/ 

r1l\\ 

111<1t• nt1/ 

1$1 

4 :\Oil 
3 OIHI 

h P!l.l 

I 5110 

15 000 

ltm: I "' 4 11111. unit.\ For 12 01111 1111i1~ 

Luhricants. coolants etc. 
Maintenance and spare parts 
Paints. office supplies 

Tota! 

30 
200 
200 

-tJO 

50 
I ooo 

500 

I 550 

TABLE IX. ANNUAL COST OF ELECTRICITY. FUEL AND WATER 
I /Joi/an) 

Flt.:tricity, 60,000 kWh 
Fud. coal and oil 
Water 

Tot<.il 

Shop ll'itlt11•11 t'/1•1·1ricit_\: Shop v•ith 1•/1•«1ril'i11· 

:'i50 
:'iO 

600 

2 :'iOO 
I rn111 

IOO 

J 600 

( ·,,,, 
1$1 

I .•:10 
'JOO 

I xoo 
-l:\0 

-l 500 

-' hOO 
300 

-too 

h75 

9 4 75 



TABLE 19. ANNUAL i.ABOUR ('OST 

Sho£!. •Htholll t'f,·.-rricit\' Shue nalr .. 1,., en, in 

.. ~nnual ..\nmi..il 
.\'umha '""g .. .\'umha u·tlgt 

of ratt" Focal of ratt· I 01111 
Caugon· pt"rsons 1$1 1S1 pt•r_"il11U 1$1 1$1 

Direct labour 
Skilled 3 11)00 3 000 5 l 5110 7 51Hl 
Semi-sKilled 2 l 000 2 000 
Unskilled 800 800 800 800 

Subtotal 3 "800 8 [() 300 

Indirect labour I 2011 l 200 

Total .1 3 81:11 9 11 500 

I TABLE 20. SUMMARY OF ANNUAL MANUFACTURING COST 

( /)111/ars J 

lt:m Shop n·ith.m1 efe,·trici11· Shop n·ah l'it•crrinn· 

Direct material 3 260 9 .. p5 

Indir.:ct rnateriill -DO I 550 
Power. fuel, water 601) :; 600 
Trar.sport 200 51111 
Labo1.1r 3 800 11 :iOO 

-·--
Total 8 290 26 6.?.5 

TAb'.E 21. ANNUAL SALES 

Unit Sh11p without d1•ctricjh· .'i/fl'f!_l.l'ilh fl1't'lflC~H· 

wiling Annual Annual :\muwl Annual 

I'''"'' protluct1on ml•·~ pmduo•·m '""" Product ($) 11 .• 11.11 1$1 (111111>) ($) 

Spade 2.50 I 000 2 500 3 ()I)() 7 500 
Hoc 3.00 I 000 3 000 3 000 l) 000 
Fork 3.00 I 000 3 (JI)() 3 ()()() I) 000 
Sickle 1.50 I 000 I 50(1 3 000 4 500 ---

Total 4 ()()() 10000 12 ·100 30 000 



TABLE 22. TOTAL ANNUAL COST 

Item Shop "'itholll dt•crricit_\· Shop ll'ith t'/, cmcitr 

Manufacturing cosl 
Sales cost 

8 290 
200 

Depreciation of fixed capital 
( lO per cent) 400 

Total 

Item 

Annual sales 
Total annual cost 

Profit (before tax) 

--
8 890 

TABLE 23. PROFIT 

(Dollars) 

Shop "'ithout d1•1·1ricity 

l ll 000 
8 890 

I I 10 

26 625 
I 000 

I 2 'ill 
---
28 875 

Shop "·ith e/ectrinty 

30 000 
28 875 

I 125 
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PROFILE OF ANIMAL-Dl(A WN AG RI CULTURAL IMPLEMENT 
MANUFACTURE AT RURAL SMALL-SCALE INDUSTRY LEVEL 

This profile covers the following implement:.: single-hand \\heel hoe. animal-drawn 
disc harrow, animal-drawn mould-board plough. These prodJcts are mostly uscl hy 
farmers in the developing and least developed countrie~. With the necessary technical 
know-how. it is possible for the plants producing tools of this size to export their 
products. The viability of these industries in rural area~ ucpends on the evaluation of 
demand by the farmers at Ioc~l and national level backed by a proper feasibility study and 
market survey study. 

Overall evaluation 

Users: farmers with 2-5 ha of land 

Method of sales: preferably by appointing agents to seli at both village and national 
levels; attention will have to be given to spare parts supply; agents or distributors can 
stock parts; thereby the annual turnovf'r can be increased 

Market potential: good possibilities on hoth the domestic and export markets: 
products can be offered to exporting houses in the country 

Requirement of fecuibility study: necessary before investment 

Expert assistance: required in the folJoy,ing areas: 

Feasibility study 

Training 

Product design and product development 

Marketing 

Heat treatment 

Joint venture: recommended 

Unkage with other industries: foundry, forge, stockist, hardware industry 

Detailed information 

Tables 24-37 and figure XIII contain basic information on the manufacture of 
implements for agricultural crop production at rural small-scale levels. 
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Cutting-off shop 

Inspection area 

Forge a11d 
heat-treatment 
shop 

Compressor 
room 

Raw material stores Semi-finished stores Finished and bought out 
finished stores 

' 1-·-·-·Jt-
I t 

I 

,. 
! Machine shop 

·-·, . 
I 

·-·1·-· 
I S> 

I ! . Subassembly 

L·-·-·-·-·-·_J_.J I . L ! Assembly j 
- >- I I 

~·--·-·-·-·-·-t-·1 L. 
• r-· . 

Machine shop 

F1oor area-250 ft x 160 ft 

·-·-·t' ·-·-·_J 
·-·-· ·-·-·---, 

Welding and 
fabrication shop 

. 
I . 
I 

40 000 sq ft 

! l i ! J i 
L--·-·-·-·~·---_J L _______ -·---·J 

Paint room 

Office 

~-
Office 

~ 
Office 

Tools store Tool room and 
maintenance shop Jig and tool 

design 

TT 
Toilets 

Figure XIII. Layout of small-scale agriaaltural Implement manufacturing plant. The area de"+'oted to administration is 2,000 ft 2 -c 
'•I 



TABLE 24. PRODUCT SPECIFICATIONS (THREE SELECTED PRODUCTS) 

Pri>dua Specificati1•n 

Single-hand wheel hoe Weight 12 kg (optional: 3 hoe blades. or 3 mltivator tines. 
nr 3 ploughs) 

Animal-drawn disc harrow Weight 50 kg; discs 0--12; working width 3ti in.; 
working depth 2112-5 in.; output 0.25 ha:h 

Animal-drawn mould-board Weight 3~ kg; furrow width 5-8 in.; furrow depth 2 112-7 in. 
plough 

TABLE 25. MATERIAL SPECIFICATIONS 

Agricultural component S,o\ E numl>er Carbon I r·; I .\langanne Ir; I 

Implement frame (MS) I ()(JO- I ()()8--10l0-l015 0.08-0.18 0.25-0.tiO 
Springs l0ti5 O.ti0-0.70 ll.f.0-0.90 
Plough beam or tool bar 1070 O.ti5--0.75 0. tiO-tl. 90 
Plough shares. shc>et metal 1074 0.70-0.80 0.50-0.XO 
Rake teeth 1078 0.72-0.X5 0 .30-0. tiO 
Scraper. blades. discs. 1085 OJ(()-~l.93 0. 70-1.1)() 

spring tooth harrow 
Mower and binder section twine I086 0.82-0.95 0.30-0.50 

holders. knotter discs 1090 0.85-0.98 0. f10-H. 90 

TABLE 2ti. PRODUCTIO~ VOLUME 

Pro,/uct de.~aiption f>aifr produaion Annual pr.><lun1tm" 

Single-hand wheel hoe 
Animal-drawn disc harrow 
Animal-drawn plcugh 

• Based on 250 working days and an !i-h 'ihift. 

ti ()()() 
2 ()()() 
2 ()()() 

TABLE 27. MANPOWER REQUIREMENTS 

Area 

Direct labour 

Cutting off 
Inspection 
Fc.rging and heat treatment 
Toolroom and maintenance 
Machine shop 
·welding and manufacture 
Subassembly 
Assembly 
Paint shop 

Total direct labour 

Indirect labour 

Manager 

Skilled 

2 
2 
3 
9 
6 
2 
4 
l 

29 

Semi-d;il/ed 

1 
2 
4 
-t 
2 

14 

L"mkilled 

I 
2 

Total 

2 
2 
4 

12 
12 
7 
7 
1 

48 



1/1/ 

,~!'!~:.! SJ...tl/,.tl .\en11-.>J...1/l,.J c ·,, .1..111.·.1 lot<ll 

Accountant 
Sales ext:'-"Utive 
Development enginc1..r1 

designer 
Superintendent 
Jig and tool d~igner 
Foremen 3 3 
Secretary l l 
Charge hand l 
Stores and tool keeper 3 3 
Security l l 
Clerk 2 3 

Total indirect labour l (l 2 IX 
Total manpower ti ti 

TABLE 28. ESTIMATED cos·r OF MACP.INERY AND EQUIPMENT 

Area lJeJCription .Vuml>er f. >Umaud nnr 

Cutting shop Pow :r hack saw. round bar. up to maximum l ()CK) 

diameter of 3 in. 
Abr:isive cutter/grinder 1/2 hp. 8-in. wheel XI Kl 
Ha"d shear 12-in. diameter 21KI 

Forge and heat Mechanical hammer forge 
treatment shop 50 t (for hot forge) 14 IK"l 

Oil-fired furnace with blower 
30 in. x 30 in. x 15 in. 5 O<Kl 
Water-que 1ching tank 

3 ft x 1 ft x 3 ft 51Kl 
Oil-quenching tank 

3 ft x 3 ft x 3 ft 300 
Anvils 2 21Kl 
Blacksmith's 

tools Set 41Kl 
Machine shop Pedestal grinder 12-in. wheel. 

double-ended 2 800 
Upright drilling 

machi~e. MS I-in. diameter 5 IKKI 
Radial drilling machine 

3-ft arm steel 11/2-in. diameter 8 ()()() 
l .athe, maximum bore 3 in.; swing 

18 in. maximum; length 36 in. 6 000 
Capstan lathe with hex turret and 

attachment. swing 6 m.; 
gap 24 in. 9 000 

Jigs and fixtures for parts 6 OIKl 
Tool room and Uni: 1ersal milling machine. 

mai11tenancc artlOur 1-in. diameter; table 
3 ft x 1 ft 8 ()()() 

Universal cutter grinder. 9 ()()fl 
up to 12 in. 

Surface table 800 
Gauges and tools Set 1 500 
Maintenance equipment Set 1 500 



JOO 

TABLE 2 8 fn•mimll'd J 

.·\Tt"<l l>naiprum 

Inspection Inspection t0ols. tabk 
etc. 

W ·!ding and 
manufacturing shop 

Subassembly 

Paint room 

Compressor 

Stores 
Mechanical 

handlir.~ equi~~ent 

Total 

/rem 

Fixed capital 

Land 

An: welding 250 A 

Pres.-; brake. IO-ft long. 5 t 
Eccentric press. 35 t. 4-in. gap 
Welding fixture and jigs 
Manual ro!I bending 

machine. up to I-in. diameter roJ 
Drilling machine upright. 

MS. up to I-in diameter 
Portable grinder 6-in. 

diameter wheel 
Po;table drill gun 117 hp 
Subas.-;embly fixtures 
Pneumatic spray. paint 

equipment et<._ 
Complete motor compressor 

set 300 ft3/min: line 
pressure 80 psi 

Racks. stillage. pallet~ 
Fork-lift truck I t; 

1/2-t hoists 
Hydraulic pallet truck 

TABLE 29. INVESTMENT REQUIREMENT 
( /Jol!urs) 

Building cost: (i) Administrative block. 
2 ()()() ft2 at $5 

(ii) Factory building. 
40 (K)() ft2 at $5 

Furniture and fittings. including drawings and offict: equipment 
Machinery and equipment 
Electrical installations 
Building 
T ransp<irt car and van ( I t) 
( "ontingcncics 

Total fixed 1.:apital 

WorkinK capital 

Direct material (J months) 
Direct labour (3 months) 
lndir·.:ct coo;t (3 months) 
·1 rai11ine- cost 
C'ontin~cncics 

Total worki'lg capital 
Total inwstment• 

·1-.~dmliniz cost of Ian.I. 

Set 

2 

Set 

2 
2 

Set 

Set 

Set 
Set 

I 
6 
2 

f-.~rI!tlJ.l/( CO\I 

2 000 

I ~!IHI 

6000 
8 000 
2 000 

150 

2 5011 

3110 
600 
5110 

>oo 

JO 000 
8 000 
x 000 
h 000 

xoo 
134 1511 

IO 000 

200 000 
20 000 

134 I 50 
10 000 
5 1)()() 

x ()(J(l 

I 1150 

388 200 

97 51KJ 
20 275 
3 c;oo 
5 fl()() 
! 2~5 

127 51KI 

515 7!KI 



/II/ 

TABLE :n. Ar'liNLAL DIRECi" ~·'.TE.RIAL COST 

Co•t /1>ttl/ Annu.,/ / 01"1 

of t1n1: pro- mtll.-n<1./ 

grofl[' l •>\I ,/u,11on n1ti 

D.-n-ription P<1.nf i:roup .\/OIJ• BOf .. l\fP- 1$1 f$1 fur.ml ,~, 

Single wheel 
h:md hoe MS handles x 2.IKI 

MS fork x 1.110 
Hue frame x 1.50 
Shovel x 250 
Toeing hook x 0.50 
Y-brackct x 0.50 
Axle shaft x 2.IKI 
Cl wheel x x 5.IKI 
Wooden grip x 0.50 

Bolts. nuts x x 0.50 I fl fl 000 %1KIO 

Animal-dra": .tio;c 
harro\\ Beam frame x lUKl 

Disc axle shaft x lUIO 
Middle tin shmcl Y. 9.1)() 

Gang angle 
mechanism x I0.00 

Scat arrangement x 5.1)() 
Disc hub )( x 5.1)() 
Hub brackel )( x 5.00 
CI wheel and 

back rest 3.!Ml 
Disc 3/1s in x 18 in .. 

or 114 in. x 18 in.; 
or inside bevel 
7/32 in. x 18 in. l( 20.()() 

Bearings x 20.00 
Bolts/nuts/washer x 5.00 98 2 000 196 OIHI 

Animal-c1rawn MS handle x 3.IKI 
mould-
board 
plough Steel beam x 3.00 

Steel moulc- x 
board aiid share x lll.IKI 

Bracket x 2.00 
Landsioe ,(, I.()() 

Chain ring 
and sha::kle x x 1 JIG 

Ridging body x 4.()() 

Cl gauge wheel x x 5.00 
Bearing x 4 .()() 
Bolt:;/nuts/wa-;hers x 2.1)() 35 2 ()()\) 70 oo:: ----

Total 362 ()()(l 

Scrap allowance 18 000 

Total dire.:t material cost 380 ()()() 

aMOW. manufactured in own ~hop; BOF bought finished; IMP. imported. 
"A~uming a ~;eel pri<:c of $500 per tonne. 
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TABLE 31. ANNUAL INr)IRECl ~1AP'.RIAL COST 

fl Joltan I 

/£em 

Lubricants. coolant 
Maintenance. spare parh 
Pai•1ts 
Office supplic.-s. telephone etc. 
Sundries 

Totai 

( ·,,,, 

41111 

2 000 

x lllHI 

J IKKI 
tl4KI 

14 t:IKI 

TABLF 32. ANNUAL COST OF ELECTRICITY. 

/1em 

FUEL /.ND WATER 

(Dollar~) 

Electr:L;ty. 3 000 kWh 
Fuel oil 
Water 

Total 

5 IKIO 
2 0011 

500 

7 51111 

TABLE 33. ANNUAL LABOUR COST 

Sumha .-\111111al 

of I 'gt• 

Catt''"'•n· h . P•'T">n< Till<' ( $1 

Dirl'ct lahour 
Skilled 29 I 000 
Semi-skilled 14 8110 
unskilled 5 500 

!ncfirect lahour 
IVa.tnager 5 000 
Accountant -t 000 
Sales executive -t 000 
Devclopr.ient engineer 

designer I -t ()(hi 

Supcrintend:mt I 3 IKIO 
Jig and tool designer I 3 ()(HJ 
Foreman 3 2 0110 
Secretary I I 000 
( "hargt· hand 2 I 5011 
Clerk 2 I 000 
Store and tools 3 800 
Security I I ()(HI 

Total 

/01al .. ,,,, 

1$1 

29 IKIO 
11 21;0 
2 500 

5 IKIO 
-t IHIO 
-t IKIO 

-t IKIO 
3 IHKI 
3 000 
n ooo 
I IKlO 
3 (KIO 
2 ()()() 
2 41HI 
I 000 

81 100 



Pmdua 

TABLE->~- SUMMARY OF 
.·~!'INIJ . .\..L '.IA.A!'!IJf.A.t'TL'R!!'!G COST 

(Dollars) 

ltt'tn 

Direct mat.!rial C.JSt 
lnc:iirect . .lateria: cost 
Pcw"!r. fuel. water 
Transport cost 
Labour cost 

Total 

•1-. : J .:;1r and a 1-1 \an. 

C1•\t 

39U 000 
14 000 
7 5<!0 
2 OOCf 

Ml IK)O 

..J9.+ 500 

TABLE 35. ANNUAL SALES 

Unit felling . -' nnual produ:·c:on 
price 1$1 (U!UL\) 

Single-har •. ~ wheel hoc j() fl 000 
Animal-drawn disc harrow 150 2000 
Animal-drawn mould board plough MO 2000 

Total 

TABLE Jfl. TOTAL ANNUAL COST 

(Dollar.~) 

Manufacturing cosl 
Sales cost 
Depreciation of fixed capital 

Total 

Annual sales 

TABLE 37. PROFIT 

(Dollar.~) 

Total annual cosr 

Profit (before tax) 

..J9.t 500 
20000 
39 000 

553 500 

Amount 

~OIKIO 

553 500 

86 500 

ff/; 

local fa/ e .. 
1$1 

I MO 000 
300 OCKl 
1641 lllK) 

MOIKKI 
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Annex II I 

PROFILE FOR AG RI CULTURAL POWER MACHINERY 
MANUFACTURE AT RURAL, MEDIUM- AND LARGE-SCALE 

INDUSTRY LEVEL IN DEVELOPING COUNTRIES 

The product is a medium-size four-wheel tractor powered hy a direct-injection diesel 
engine with a power of ~O hp (30 kW) at 2.500 rpm. This product i~ used hy farmers 
having 5 ha of land or more. for all typt:s of agricultural r1perations in developing 
countries. It may he exported, and the successful operation of the plant requires: 

(a) Support of ancilla~y industries. e.g. foundry. forging. sheet metal manufacturing 
industry and many others; 

(b) Comprehensive training of management and workers (skilled) at various levels; 

(c) Systematic marketing and distrihution network. 

The viability prospects of this product depends on potential demand w;cnin the 
country or neighbouring countrit."S; country-wide marketing possihilitics should he 
ca!"cfully examined and sun eyed. 

Ch'erall evalaaation 

Users: farmers. for agricultural operations; industries. for transport with trailers; in 
forestry. and many other fields 

Method c;f sales: saks and marketing should he carried out thrnugh authorized 
distributors or dealers with sales and after-sales facilities. such as stockin!? of spare 
parts. servicing. training etc. 

Market potential: domestic markets and good export possihilities within 
neighhouring developir.g countries 

Requiremer1t for feasibility studies: thorough pre-fcasihility studies arc necessary 
before investment decisions arc made 

Expert auistance: required in the preparation of marketing and feasi. ility "tudy. 
product design ar.d development. training of technical manpower. tr;..111ing in ·~::at 

t!"~atmcnt and metallurgy. operation and installation of machinery and process sheet 
preparation marketing 

Joint ~·enture: highly recommended 

Linkage with other industries: in order to procure semi-finished and hought-out 
components, the following supporting industries are needed: 

(a) Foundry for grey. malleable and spheroidal cast iron; 
(h) Forging and die-casting; 

(c) Tyres, wheels and rims mar1ufacturing unit; 

(cl) Sheet metal and prcsswork industries; 

(e) Gear cutting and transmission equipment manufacturing industries; 

if) Electrical and instrument manufacturing industries; 



(i:) Steering wheel and automotive parts manufacturing industries: 

(i) Spriu~ :md hardware manufacturing industries: 

(j) Paint manufacturing industries: 

(k) Rubber manufacturing industries. 

Detailed information 

Product specifications 

I II_, 

The .;pecification is oniy indicative and docs not conform h' any specific model. 

Make: joint collaboration with a tractor company 

N.,mber of cylinders: 3 

Engine: direct injection dil--sel engine 

Maximum power of engine: 40 hp (30 kW) at "!.500 rpm 

Con~pression ratio: 17.5: I 

Road speed: 1-17 milc/h (2-27 km/h) 

Power take-off: 6 spline shaft, 13 /s in. diameter 

Hydraulic syste1•1: Y:ith pressure control from 155 to 2.400 psi 

Working load: 3.000 lb (maximum) 

Dimension: overall \\idth 64 in .. 1werall length I JO in .. overall height 75 in. 

Weighl: 7.800 It; (without fuel and water) 

Fuel tank: 8 gal (36 litres) 

Material specification 

There is wide application of various types of material in the manufacture of tractors. 
The important materials used (in terms of weight) arc as follows: 

.c·a~tings: malleable or grade 17 castings with mchanite specification 

Steel: ENI(~). EN8. ENl6. EN24T. EN32(C:. EN-42-46. round anJ in various 
secti,ms; castings according to BS spccificati1 n; sheet metal: 18-20 SWG 

Most of these type-; of steel require hardening. case hardening and tempering. Hardness 
varies from 50 to 64 Rockwell C. 

SnllrCl'S of pa· ts 
Table 38 ;ndicatcs which parts pf the tractor should he made in the factory and which 

should he purchased 

TABLE 38. BREAKDOWN OF TRACTOR BASED ON GROUPING OF MAJOR PARTS 

Main K'""P of par/1 

Er:g : 

Lift .:over 
and controls 

Main engine. radiator 
:-ucl. luhc oil. air 
intake s1stcm. starter, 
dynamo/alternator. 
including electrical 
parts 

Hydraulic lift rnver 
housin11. control 'hafh 
pin\ etc. 

.\tow· 

Lift cover 
ca,ting~. 

control 'haft 
pin., 

Lift rnvc: 
casting~ 

JU >f• /.\fl"' 

x x 



I tin 

TABLE 3~ /co111in11t'd I 

.\fa111 gn•111• of part' I )c.'< npm •II .\IOU-' Ht J.\fu Hiil-" /.\I I'"' 

Gearbox Housing. gears. splin :d Gearbox Gearbox x x 

housing shafts. hearin~s. seals. housing casting. 
rings. yokt.>S. dutch shafts. yokt.-s. forged 
and clutch control. control shafts 
gear change lever :.md levers. gear 
mechanism change kvcr 

Centre Housing. differential. Centre Centre J( x 

housing crown \•:hcd and pinion. housing and housing 
hearing. splined shafts. shafts castings. 
PTO gears. seals etc. forged shafts 

Rear :ixle HPusing. axles. shafts. Rear axle Rear axle x x 

housing rear brake drum~. brakes. housing housing 
(LH +RH) brake controls. (LH an I RH! c 1stings. 

bearings. seals. dead brake drums. l!.-ged axlt> 
weights axle shafts shafts. brake 

(LH and RH) drums castings 

Front Front axles. stub Front axles. Forged axles. x x 

su:.pension shafts. front huhs. stub shafts. die-cast huhs 
and front bearings. seals. dead huhs. dead 
suppport weights wcighb 

Hydraulic Hydraulic pJmp. Hydraulic Forged body x 

pump and hydraulic cylinder cylinder. of n·linder 
three- and piston. draft and piston. draft 
point position control and position 
linkage equipment. shafb. rins C\lnirol 

etc .. linkage. hars. equipment 
chain 

Steering Steering box. steering Linkages forged x x 
hox and wheel and Iii kages linkagl«i 
linkages 

Hand hr .:kc Hand hrake. linkage etc. Hand hrakc x x 

linkag.: and linkage 
attachments 

Pedals and Brake. throttle and Br<> kc. 
footsteps clutch. pedal cont. .ils throttle. 

and footsteps clutc!l pedal 
and footstep 

Sheet metal Fud tank. front hon'lct. x 

and press front grill. fenders. 
work instrument panel. exl aust 

pipe. tool hox with !1d 

Wheel and Front and rear wheel x x 
tyres rims. tyres 

Electrical Front lights, rear lights. x x 
equipment instruments. fuel, water. 

hydraulic wiring cutouts, 
hattery, fuses etc. 

Hardware Bolts, nu h. studs. Special holts, x x 
was:1ers cirdips. screws. nuts and 
so<.·kcts. chains ctr. studs 

Tool kit Spanners etc. )< x 

'MOW. factory manufactured parl'; BOS!'. hou~ht \Cmi-fini,hcd; HOF. hou~ht fini,hcd: IMP. imporr.-d 
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Operations to be used in making the factory-made parts are as follows: 

PARTS OR GROUP DESCRIPTION 

Lift cover housing 
Gearbox housing 
Centre housing 
Rear a.•le housing (LH and RH) 
All transmission shafts (simple or splined) 

Yokes. shift lever. gear change lever and 
me•:hanism 

Rear axle shafts (LH and RH) 

Br:ike drums 
Front stub axles (LH and RH) 

Front hubs 
Axle beams (front suspension) 
Link rods 
Link bars 
Hydraulic cylinder 
Hydra. tlic cylinder piston 
Draft <1nd position control equipment 
Steering connection rods ~nd links 
Clutch pedal. orake pedal and accder;>tor 

ped?.i, - -~· -tep 
Hand brake system 
Spr.:cial bolts. nuts. studs. pins Jm: le•:ers 

TYPE OF OPERA TIO'.\ 

Casting and machining 
Casting ·ind ma..:hining 
Casting :tnd machining 
Casting and machining 
Machinen· and heat trea!ment 

(the la Her where recom~nendrd) 
Die ca:.ting and machining 

Forging. machining and heat 
treatlT'ent 

Casting aml machining 
Forging. machini'1g and heat 

treatment 
Casting and machining 
Forging and machining 
Forging and machining 
f'l,~ging an<l machining 
Forging and machining. 
Forging and machining 
Pressing. metal-forming. machining 
Forging and machir.ing 
Forging and machining 

\tachining 
Machining. dectroplating or 

galvanizing 

The manufacturing programme should be based on a phase-out system: 

Phase I 
Lift cover housing 

Gearbox housing. centre housing. rear axle housing 

Brake drums, special bolts. nuts. studs. pins. levers ,ind rods 

All other parts to he procured either bought out finished locally or by import 

Phase II 
All transmission shafts (simple and splined) 

Yokes, shift lever. gear change levers and mechanisms 

Rear axle shafts 

Front axie stub. front hub, link rods and all other parts to be procured 
either bought out finished or hy import 

PhaH' Ill 
Axle (front) heam. linkage bar 

Hydraulic cylinder, hydraulic cylinder pistori 

Draft and position control cquirment 

Stec~ing connection rods 

Clutch rcdal, brake pedal. acc·~lcrator pedal 

Hand-brake system and all other parts to be nrocured either bought 
out finished or by import 



' 

f 118 

Req 11ircmcllls 
-rahic.:·; 3~~--l 7 ;.1uJ fi~lit(-:-; X:\--:'-~\'!! ~::.~:!?~:~ !h~~ r~!.iu!r•.:rnr~fl'' fnr tht..,, rn;tnufacturc.: 

of medium-size l-whcd tradors at rural. medium- and large scak industry k\d in 
dc\cloping countries. A production \olumc of 1-t tractors dailv (J.50!1 annually) '" 
assumed. 

~ ~-------------------------A-d_m __ in_i_st_r_a_ti.v_e __ b_u_il_d_in_g _______________ -__ -~ 

r··. 
' ....... ./ 

..... Plant no. 111 ..... 
,' 

' I'- _,,/ 
, ' 

Water tank '· ., / 

1,/' "" .... 
/ 

/ ', 

Stores and assembly shop 
['.._ / 

/ (250 ft x h,) ft) Electricity / 

sub- / 40,00Q sq ft , 

station 
/ 

I/ 
/ 

' 

\ / .1 \ 

\ I 
\ \ \ 

\ 

\ 
Phnt no. II \ 

\ 
\ 

I \ I 

\ Plant no. I 
I \ 

I \ 
\ I \ ' I \ \ \ I \ I I 

I· 
Tool-room ,; 

Heat-treatment /\\ 
Machine shop 

I 

/~250 ft x 160 fti\ 
Machine ;hop 

I I 
40,000 sq ft \ (300 ft x 200 ft) \ 

I \ I 60,000 sq ft \ 
I I 

\ 
\ 

I I I 

L/ I 

I \ 
Note: Production based I \ 
on one 8-:1 shift per day. v1 

\ 

t'igure XIV. l'actory layout for production of 3,,.00 medium-sile tractors per annum 
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TABLE 39. MANAGEMENT RE<.)t:IRE!\1E!'liT (HEAD OfFln:) 

Managing director + staff 
Sales and marketing manager + staff 
Chief accountant + staff 
Internal auditor 
Manufacturing manager (to he includc..·d in indirect factory management) 
Chief product development engint>er + 

designer + as.sistant engineer and staff 
Chief product training officer + staff 

Total 

I 

.\"umflt'r of 

/'1.·n'"'' 

+ 3 
I + 15 
I + 9 

I 
(I) 

+ 2 + 3 
+ 3 

TABLE 40. MANPOWER REQUIREME~T WACIURY) 

Personnel 

Indirect labour 
Manufacturing manager + staff 
.._'hicf personnel officer + staff 
Factory accountant + ~taff 
Chief purchase officer + buyers + der!\s 
Security officer + guards 
Chief metallurgist + staff 
Chief quality controller + inJptctors + clerk 
Chief industrial engineer + methods engineers + time study 

engineers + jig and tool designers + estimators + clerh 
Chief planning engineer + assistant engincers.1process 

planners and estimators + clerk 
Chief production controller ..- production supcrvi'>l.lfS + 

chasers + clerks ~ recorders 
Chief maintenance engineer + :issistant engineers + 

mechanical and electrical skilled. semi-skilled 
and unskilled latxiur + clerk 

Chief training 'lfficer + staff 
Superintendent of machine shop plant I (sec figures XIV 

and XV) + clerks 
Assistant engineer + foreman + charge-hand for section., A 

and B 
Assistant engineer + foreman + charge-hand for sccfr·:-:~ < · 

and D 
J\ssistar:t engin\·cr + foreman + charge-hand for scc:t1;,ns E 

and F 
Assistant engineer + foreman + charge-hand for sections (j 

and H 
Charge-hand tool crih 
Superintendent of machine shop piant II (sec 

i'igu,·:· XVI) + clerks 
Assistant e:i)neer + foreman t charge-hand for -;ec1ions J 

and K 
Assistant engineer + foreman + charge-hand-; for section L 
Supcrintcmknt of asscmhly t stores plant Ill 

(sec figure XVII) + clerk., 

.\'111111>.·r of 
pen om 

I + 3 
:+4 

I + fl 

1+6+2 
I+ 5 
I + 2 

I+ 12 + 1 

I +8 +I 

t+o+I0+2+6 

1+3+6+1 
I + 3 

I+ 2 

I + I + I 

I+ I+ I 

I+ I+ I 

I+ I+ I+ I 
I 

I+ 2 

I+ I t I 
I+ I+ 2 

I -t 3 

I,.:,;! 

4 
I fl 
to 

(I) 

fl 

4 -
4 I 

Total 

J 

5 
7 
9 
0 

3 
14 

21 

Ill 

25 

11 
4 

_1 

3 

3 
4 



Assistant engineer-; + foremen + charge-hands :-.uhas.-.embly 
and assemhl~ 

Charge hand. paint hlx1th 
Assistant engineer + foremen + charge-hands + recorder 

of stores 
Supervisor (packing and shipping) + derk 
Cleaner.-. cook. canteen staff. welfare staff. dri\·ers. 

mechanic 

Total indirect manpower 

Dirt•ct la/>our 
Machine shop plant I. op1•rating M> machim·~ 
Skilled titi 
Semi-skilled 411 
Unskilled 20 

Suhtotal 126 

:\lachine shop plant 11 
Skilled 40 
Semi-skilled .JO 
Unskilled 20 

Suhtotal 100 

A.uemhly Jhop pl11111 II I 
Skilled 
Semi-skilled 
Unskilled 

Suhtotal 
Total direct lahour 

Total manpower 

TABLE 41. H.OOR AREN 

,,,.,,. 

Administration 
Manufacturing 

Machine shop plant I 
Machine shop plant II 
As~.emhly 'hop plant Ill 
Substation 

Tot Cl I 
For raw matcriC1l castings and finished 
tractor stores, additional open area 

Total 

"Sec hizurc XIII. 

\unrh.-r ,,f 

2 + 2 .. 2 

l+_,+7+4 

..J OCH) 

Nl IHHI 
..JOIHJO 
.JO IHHI 

)00 

l..J..J :'i<Hl 

!IHI OCH) 

I+ I 

Ill 

51..J 

11; 

... 
''''"' 

h 

15 
2 

Ill 
IX3 
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TABLE -l2. ESTIMATED cos1· (Cl.F.) OF MACHl~ERY A~D EOL'IP\t.:~T' 

A. PaninK-off .fection 
Automatic hacksawing-machine. MS. up to h-in. diameter 
Circular cutter saw. up to 5-in. diameter 
Abrasive cutter. 12-in. diameter wheel 
Belt ;;.~ .rasiw grinder. 8-in. wide belt 
Pedest;,J grinder (double-ended). 12-in. d1am.~ter wheel 
Polishing machine (double-endt.-d) 

8. Drilling um/ milling fection 
Upright drilling machine. up to 2 in. MS 
Gang drilling machine with table. NI in. x 15 in .. 6-spindk 

head. I-in. diameter. MS 
Automatic drill with tapping machine. I-in. diameter. \tS 
Rad:.iJ arm drill. 36-in. head tra\·erse. 3-in. diaml·ter. MS 
Turret-head-type drill with 5-turret position. 11'2 m. MS 
Universal milling machine with attachments. 12-in. diameter cutter 

table size 36 in. x 18 in. 
Knee-type milli11g machine with attachrw:nts. 8-in. diameter cutter. 

table size 30 in. x 12 in. 
Keywa~ slot milling machine. width of spline. 51" in.: surface tahle. 

40 in. x 10 in. 
Spline shaft milling machine. programming arrangements for odd and 

even spline and both internal and external -;pline~. tahlc si1e. 
24 in. x 6 in. 

C. Turning w,·!ion 
lathe. spindle diameter 3 in.; swing. 24 in.: centre gap. 30 in. 
Lathe. spindle diameter I in.: swing. 15 in.: centre gaj>. 18 iil. 
Capstan lathe with attachments. spindll· hole. 2-in. diameter; capstan 

slide. 9 in. 
Chucking capstan with all attachments. maximum workpiece diameter 

12 in.; turret slide, 9 in. 
Double-ended parting and centring machine. spindle gap. -lO in. 

D. Grinding, boring, broudzinK. lappinK anti honing wctum 
Vertical surfa..::e grinding machine with rotary magnetic tahle. maximum 

grinding area. 6 in.; grinding height. 20 in.; diameter of wheel. 
30 in. 

Surface grinding machine, diameter of wheel. 24 in.: tahle si1e. 
30 in. x 24 in. 

Centreless grinding machine. wheel diam..:ter. 2-l in.: maximum 
diameter of work 2 in. 

Cylindrical grinding machine. maximum workpiece. 6-in. diameter. 
18 in. long 

Internal cylindrical grinding machine with face grinding 
attachment, maxirr.·1m hor..:. U ir..; maximum kngth, 
12 in. 

Spline shaft grinding machine. grinding length. 30 1n.: grinding 
diameter. 6 in. 

Special-purpose automatic fine-boring machine (duplex). maximum 
hore diameter, 4 in.; horc depth. 20 in. 

Horizontal horing machine. maximum hore. 18-in. diameter. l•:ngth. 
30 in. 

Broaching machine .1sh-type. maximum diameter. 6 in.: lcnp.th 12 in. 

fj11unt1C\ 

.~ 

I 

2 

.2 

J_ \(!1'IUlt 0 &f l1 'ltlf 

jfl\/ t$1 

I CHIO 

2 Clflll 

SCHI 

3CHI 

XCHI 

.2CHI 

IO IHHI 

15 IHHI 

IOCHHI 

.20 CHHI 

15 CHHI 

.25 CHHI 

.20 IHHI 

3.1 000 

15 1100 

121100 

.~o 1100 

35 11110 

x 11110 

J5 0110 

25 000 

.25 0011 

30 OIHI 

~II 01111 

)II !Hiil 

1.211000 

60 000 

300011 
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Horizontal lapping mat.itine. table size. IX in. x 12 in.: 
acmrac:y. 0.0000~ in. 

Vertical honing machine. maximum diameter. ti in.: hone depth. 
12 in. 

E. Automatic turning machines 
Single-spindle. bar automatic with automatic inJexing. workpiece 

diameter. 2 in.: length. ~ in. 
Single-spindle. bar automatic with automatic indexing workpiece. 

diameter. I in.: length. 5 in. 
Single-spimle. bar automatic with automatic indexing workpiece. 

diameter. I in.: length. 6 in. 
Single-spindle. bar automatic with automatic indexing workpiet.·e. 

1:2 in.; length.~ in. 
Single-spindle. chuck automatic with automo:tic indexing. maximum 

workriece diameter. ti in. 
Single-spindle. chuck automatic with automatic index. maximum 

workpiece •iiameter 3 in. 

F. Awomatic profilt·-t11mi11g mw:hme.\ 
Automatic corying latht."S with three-t.'UI reqding '>ystem. 

maximum diameter. 6 in.: length. 311 in. 
Automatic copy-milling mat.itine. maximum table <ii.le. JO in. x IX in. 

G .. \fad1ir.t'J for gearhox lwu.~ing. cemrt' housinx am/ 
lift nn-er hmuing 

Horizom1l d•1plex milling machine. adjustable milling heads. with 
automatic quill retraction system for rough. se;ni-finished and 
finis'1ed <."Ut surface. work table. JOO in. x 211 in.: 
longitudinal t:ible travel. 80 in. 

Portal-frame milling machine. wilh 3 adjustable milling heaJ ... with 
automatic quill retraction system and adjustable heads. tahle 
size. 100 in. x 80 in.: longitudinal travel. 80 in. 

Multispindlc drilling machine with holster plate. :!~-spindle tahle. 
size 100 in x 80 in.: each spindle I-in. diameter: MS 

Automatic multispindlc tapping machine. 12 spindlt.-s up to 
I •;•-in. tap size 

Horizontal deep-hole drilling machine. up to 1112-ir.. diameter: 
lent?th of hole. 20 in.: MS 

Tunnel-type washing machine for centre housing. 
gear hox axle housinr. 

II. Mac·him·~ for rear axle hou.~ing (/.II and Rll J 
Duplex multi-spindle drilling. facing machine with rotary indexing 

tahle . .:!~ spindle., in each head. tahle diameter. 75 in. 
Duplex horing and facing machine. tahlc "ize. 12 in. x Jti in. 
Jigs. tools. fixtures for heavy ca.,lings 
Jigs. tool ... fixt•ne., for light part., 

/. /frat tr1·atmem; xalmni:.inx. rl1•ctroplating 
Induction-hardening machine 25 kW 
Induction-hardening machine 1511 kW 
Heat treatment furnace. oil-fired with auh•matic control. 

thermostat 
<"yanide bath 
D-.:greasing plant 
Ouenching tank-, 

(.J ll<ln [If\ 

., -
x 

2 

2 

2 

Set 
Set 

2 

f. •um.11,·il t• •tu! 
• ,,,r tSJ 

till'""' 

35 IHHI 

fill INHI 

.~20 IHHI 

911 IHHI 

55 IHIO 

~11 IHMI 

411 IHHI 

70114HI 

tiO IHl41 

31HI 0110 

2110 IHIO 

50 O(H) 

511000 

.~5 000 

20000 

120 000 
100 000 
150 000 

811 000 

JO 000 

451100 

60 000 
I ooo 

I 0011 
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<i;1hani7ing. plant ekctroplallng 

Ph,1'phating. plant 

}_ Wt'ldi11g 1111.I m111111Ji1<"111ri11g ,, • ..,;,.,, 
Buu-wdding machine. :'ilHI :\ 
Spot-\\::lding machine. 81KI .·\ 
Arc-welding machine. :'ilKI :\ 
Rnll-hcnding machim: 
Pres.'. 2.:'i I 
Pres.,. 10 I 

Welding fixture' 

/\.. fool room 
High-prc1:ision jig-horir.g m;11:hine. 1\orking tahk. -lll in. x . .\ll in.: 

drilling. 15·" in.: horing . .\ 1,. in. in 'led: an"Ur;ll'~. 
11.IKHiO:'i in.: a.:curacy of 'cuing. ll.CHKlll2 in. 

l'ni\'er-.;il cutter grinder. n11tcr diamctcr. 'J in.: \\or!.. tahlc. 
12 ;;i_ x 12 in. 

f'rcl;,ion internal grinder. non: Uf' h• -l-in. d1amctcr: nla\ill'um 
chuckin.!,! diameter. 13 in 

Twi'I drill grinder. hoth I.It and RH. 'tcd and G1rhidc tip. up 
to 21 :.1-in. diameter 

Ram-type h~draulic pre ..... I I 
Tap grinding mal·hinc. up In I -in. tap 
u niver ... al oroad1--.harpening machinl' ( intcrn;1l .ind 'urfo·:i: 

hroach ). up to XO in. in length 
Preli,ion hl..'nch lathi.:. up to 2-in. diamcti:r: \\11rl..pii:ci.: cenlr•: 

gap. l:'i in. 
U ni,er ... al milling machine with all indc\ing att;u.:iJm,·nh and ;1Cl"C'"1rie,. 

maximum cuttcr diameter X in.: tahk ,i;c . .lti 111 " 24 in. 
Cirl"lllar hand 'aw bled h;md ). \\ id1h 11f 'ted hlade h.111d. :i .. in.: 

work tahlc. 2-l in. x 2-l in. 
Surfaci.: lahlc. Jti in. x .\'1 in .. 1-t weight 
Slip gauge -.ct 
Wide nngc of me;1,uring lool' 
Air-conditioner. :'i t 
Universal vice etc. 
Special tools and culler' 
Prl·ei..,ion 'urfacc-grinding machine. diarncti:r nf wheel. X 111.: 

work tahlc I 8 in. x 12 in. 
Prcci..,ion cylindric;1l grinding machine. maximum wnrkpin"l''· 

2-in. diameter. 2-l in. long 

/ .. Filll'rl h1·1wh 1111i/ 11111i11t1·1111111'1' \l'ni1111 

Maintenance c4uipmen1 
l'ortahlc welding ..ct. 250 A 
Oxyacetylene welding \Cl 

Soldering and hra1ing eljuipm,:nt 
Fitter ... henchc' with vice 
Tool' and equipment. including carpentry 
Oil-fired furnace 
Electrical and water (pumping) maintenance equipment 

{!t111/1(/(\ 

Set 

~ 

Sl't 
I 
.\ 

Sl·t 

Set 
I 
.\ 

ti 

(l 

Sci 

Sci 

\la\ he oh
tained from 

'Uhl·1111tractmg 
) II 11011 

:' 01111 
:'i 1100 
-l 1100 
I 11111 I 

I' IC 100 
21111110 

:'i 1100 

I 211111111 

:'11111111 

-lll 11110 

:'i 111111 
:'i 111111 

I :' lllii I 

-' :' i1( 111 

I :'i 11110 

-' :' 11110 

.:' 111111 
2 111111 
4 lit 10 
5 111111 
4 01111 
I 111111 
5 111111 

211 1100 

45 11011 

8 11011 
~ 111111 
2 tltlll 

:'iOO 
I Ill H 1 

-l 111111 
.\ 1100 

I·""" 



H . . \frtall11rg1n1/ /ahorawr_\-
Six-ctroph,,tumeter. wa\ dength X.XO ti 1.~fl gi mi tung,ten and deu.h:rium 

lamp. fu,cd 4uartz at'N.lrption cdl. -.ensiti\ ity hctkr than 
± 0.IHI02 at 11.IHIO-l ahsorham:c 

!\.ticro~ope for metallographical examination. magnificarion. 
20-1 1100 timt.-s 

Brindl hardnt.-s.'\-testing machine with fint: mea-.uring micro-.cope. 
mapifying up to 25 timt.-s. load. 500-7511-3 !HHI kg: tolerance. I'; 

Vicker.. hardnt.-ss h.-ster for loads of I'. IO- IO kg. fine me;huring 
mit.To,cope with magnification up to 21111 time-. 

!\.ktallurgical equipment 
!\.1agnetic-partide h...,ting apparatus 

_\-_ ( ·,·mral impc·.-ti1111 H'l'tion 
Gear 1m·olute and lead-te-.ting. tooth-pitch moduk 1-17. diamefl·r 

of hasc circle. 1-235 in. 
Douhle-flank rolling tester. diametc:r of gear. 12 in.: di,tancl· 

hetween axe ... 2.X-lfl in.: preci,1on. 11.IHHl-l in .. 
enlargement. 2110 x 31HI x -llHI 

Dynamic-angle flank testing machine:. module-. I-fl 
Ek-ctrical t ster for dynamo and starter 
L:ni,·er-.al measuring machine. It. in. x -l in. x ti in. 
T clesurf (CIA-0.000IHl-l in. to 11.0112 in.) hori1ontal cnlargc:mcnt. 

IOO: I: vertical enlargement. I IHIO lllHI: I 
Apparatu' for -.orting part-. 
ln\pt:ction gauges and c4uipmcnt 
Inspection tahle'i. 24 in. Y 2-l in .. XOO kg 
Complete '\cl of dial indicator-. etc. 
Height g:mge. \ernier calliper. depth gauge-. ~le. 

( J . .\11hancmhf,- 1111d 11.ul'mhlr fiu11r1'\ 
For all part' where n..:ce-..,ar~ 

A'scmhl~ trollc~ 

/'. 1'111111 hooth 
Compre,-.or ;111d 'pray paint e4uipmcnt 
Water -.crcen and heating ,yqem for drying 
Hcctro,talic paint equipment 

{.J. ( ""'f'' n wr \t'f 

Complete ;iir comprc~·"'r -.ct with waler coo!ing and pipdinc'. 
\ahc' clc.. line prc,-.urc XO P'i. dcli\cry. 
()(HI ft3 :min 

R. /'.lnh1111irnl h11111/li11x 1•c111ipml'nt 
O\crhcad crane for hca\y ca,ting area wi!h _!!alltr~ ;111u 

installation. 2 t 
Fork-lifl !ruck. 2 t 
St<;ckcr lrul·k. I t 
Pallet tn11:k,. 112 1 
Stillagc pallet\, hin,, rack' 
Hand pallet truck-. 
Sclf-,upr1,rting hoi-.1-. for machinl·, 1/2 I capacity 

Sd , 
-

Sct 
x 

2-l 'Ci' 

..; .. ··: .. 

, -
2 
h 

Sci 
fl 

_,o 

IF 

/_ \(/llltlt•"'' [1 ,{,J{ 
• • <;'. 

l ••• , ..... ~ 

h 000 

:;ooo 

15 IHIO 

:- fHHI 
-l IHlll 
x 11110 

I:: 1100 

fl 11011 
JO 11110 
5 OIHI 

... 000 
I 01111 
5 000 
:;ooo 

·' 000 
3 1100 

5 11110 
... 111111 

)0000 
:' Ill II I 

JO 11110 

30000 

.\0 000 
-l'.'i 000 

25 000 
10000 
IOOOO 
211000 
:"~ 0110 
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S. Stores <'</11ipmt'111 
Bins. racks. rnphoards. etc. 
Kardex cahineb and system 
Hydraulic testing equipment 
Production tools 
Spare parts (total) ha..,ed on all machinery 

Total 

'For la~out plan 'c:c: figur<°' XI\". X\" and X\'I. 

ljtulfllill 

Set 
Set 
Set 
Set 
Set 

f ABLE 43. l~\"EST\1E~T Rf:Ql '1Rf:\1E'."T 

I /)ol/ars) 

Ha.\/<" mn•,rm..,11 

Land 
Building cost 

fixnl rnpiwl 

Administrative area. dectricity suh-station and road 
Factory huilding. 140 000 ft 2 at $fl ft 2 

Furniture. fittings and office equipment 
Machinery and equipment 
Electrical installation. 3 Ol;:I kV A 
Buildinl! 
Transport (2 trucks. 12 cars. 2 \ans and I l.Tane) 
Contingeni..ies ( 1w·;) 

Total fixed capital 

U'orkinK rnpi111/ 
Direct material (3 months) 
Direct and indirect lahour (3 month!-.) 
Training Cllst 
Con ting cncics 

Total working capital 
Total invcstmcnta 

'
1E:11duJin!! C•l'il of l<1nd. 

( O\{ 

XO lHIO 

x-to ooo 
'141 IHIO 

3 9X I 1110 
'141 IKIO 

:'O IKIO 
1701KIO 
55X lKIO 

5 XIKI IKKI 

2 llKI IKIO 
525 1100 

25 IKlll 
100000 

2 750 IKlO 
X 5'iO OCKI 

40 tHIO 

:' 000 
:' IHHI 

hO IHlll 
2:'11 iHHI 

-~ '> "':' ( llll 
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TABLE 44. ESTIMATED A~:"L' AL ~tA'.'lUFACTt.:Rl:'\G COST" FOR 

PRODUCTIO'.'I OF 3.5110 TRACTORS 

( Dollun) 

Imported parts (c.i.f. to factory door) 
Indigenous parts with local or imported raw material 

Total raw material cost 
Lahour costs 
Overhead costs (including indirect material. power. fuel. water. luhricanh. 

spare parts) 

Total manufacturing cost 

"Ba~ll nn ~50 .... urking Jays and an l'i-h shift. 

TABLE 45. ESTIMATED ANNUAL SALES 

Unit wiling Annual Total 
pnn- production \llln 

Product ($/ (1111it.\} ISi 

40-hp tractor 4 ooe 3 soo 1-+ 11011 ooo 

TABLE 4o. TOTAL ANNUAL COSl" 
FOR PRODUCTION OF 3.5011 TRACTORS 

(Dollar.\) 

Item 

Estimated manufacturing cost 
Sales cost 
Depreciation of fixed capital (to per cent) 

Total 

"Based on 250 working Jap and an X-h shift. 

TABLE 47. PROFIT 

( [) 11/un) 

Annual sales 
Total annual cost 

Profit (hefore tax) 

C1111 

12oOO11110 
200 000 
580 000 

u 380 000 

Amount 

14 000 000 
13 380 000 

620 000 

S hOO 000 

2 xoo 000 

X 41HI 000 
2 1110 IHHI 

2 [(HI lHIO 

12 oOO 000 
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Annex fl" 

ESTIMATED DEMAND FOR AGRICUtTURAt MACHINERY 

Glohal demand is difficult to forc1.:ast. Estimah.'s. natitmal or international. arc 
approximatdy the projections of the existing lc\d of demand. \t('reowr. the physi•:al 
d( mand for agri.:· :itural m;Khincry in each country depends mainly upon: actual 
C:\ pansion of farmland for agricultural production: intensification of agricultural 
production through a planned national agricultural policy: and n.:placement of existing 
agricultural machinery due to machinery ohsolcsccnce or technoi'lgical change. 

Other economic factors arc lack of credit. low solvencv of farml:-.... non-a\ailahilit\ - -
or high price of agricultural inputs. 

Intensification of production creates a demand for mechanical energy. The total 
energy demand for crop produ.:ti11n i" not spread out uniformly o\er the year. hut is 
hmn:vcr concentrated in short period" durii:g cultivating. sowing and hane-.ting time. 

The figure of 0.5 hp'ha i" wi<lciy used fo:- power required lnr agricultural 
mechanization. Its magnitude \aries. In the t:niteJ Stale" of America ;ind We-.tern 
Europe. it is 1.0 hp·ha. and in Japan 3.0 hp ha. In India. ''here multiple crnrping i-. 
estahlishcd. the specific mechanized power can he con-.idereJ a-. 0.X to 1.0 hp ha. 

Selecrio11 of pm\·l'r packw c or range 

The simplcsr case is\\ ~l.! e it i-. po-. ... ihlc to meet the demand for mechanical power in 
the field one size of po\'.'.:r p.1ckage rated at }' 1 (hp). The rnltivatinn equipment ha-. 
the highest powe:- demand. which may he calculated from thi: draft rl·quirt:menh and 
working speed of the following common implement': 

Mould-hoard plough·, 14 Jh 'in.2 nf furrow ... lice 

Rntan tiller 20 lh·in. of working width 
Spri.1g time culti\ator 55 lh per tine 
Row plantc.:.r 45 lh per row 

The acceptahlc minimum speed of trave1 1s approximately 2 mph. \\hich kads to 
the follp·,,ing ratings: 

37511 
Engine pov :r (hp) 

pull ( lh) x .,peed (mph) 

Where 11 i" the merall dficienn of ro\\er utili1ation hetwel·n engine and impkllll'nl. 
f'or 11 = 511 per cent engine power should he (hp): 

h1111f,·1n1·1.1 //, ,, ,,.11, 1h ,., 

Single furrow ploughs. 8 in. wide x 8 in. deep tJ.h 
Rotary tillers working 40 in. wide X.(, 

Spring tine cultivators working 411 in. wide 4.1 
Three-row planters l .5 

Thc"c cakulation ... indicate that for eulti\ator-. with a ... inglc lurro\\ mould-hoard 
phhtgh ari acceptable engine rating should he IO hp. In actual fact, with ddin!te farm "i;e 
and uniform operating conditions. the majority of the implement-. <:an h•: ma,;oel!\ ered 
hy a major -.inglc power package. 

Wh(:rc animal-drawn equipment is used tht: problem is rather difkrcnl. l'hl· 
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-.i/1.' Cof th!.' pllWl.'r packagi: is fixi:d hy a j'lair of bullock\ (ll.~ hp). 'll that With a gi\l.'n 
rating of impknll:nts thl.' total ;.utnhLr of animals ri:4uiri:d Giil hi: 1.:akulati:d. In thi-.. 

a\ailaMi: in thi: draft form and only at onl.' ... pi:i:d. 

Fsrimatccl clcmaml for agriculrural machinery 

In ordi:r to di:tc:rminc: thi: annual rate: of di:mand. the: actual incri:a ... i:-.. in farm land. 
rate: of intc:nsific:d agricultural production and rl.'placi:mi:nt pf machinl.'ry arl.· of prime 
impor!arKe. 

The prn\·isional study of the: FAO lndicati\I..' World Plan (!WP) Lll\l.'P• tkmand for 
inputs for 1975 and 1985 for thl.' major dl.'\ doping area.... induding c:-.timatl.'t: 
imi:stmi:nts and proposals for animal-dr;l\\n and mcchanizi:d i:quipmi:nt (tahlc 4X). 
i:stimati:d tractor n:4uiri:ml.'nts (tahk-. 49 and 50) and thl.' l.'\limatl.'d \alul.' of agrirnltural 
inputs. 

Thi: inn:stmc:nt c:stimati:s point to the: following condu-.ion ... : 

(a) Thi:ri: will he: a grl.'at dc:mand for 1"11.1wl.'r-mc:l.·hani1c:d c:quiprni:nt in Asia. Latin 
Amc:rica and thi: ~1iddlc b st: 

(I>) In Africa in\l.'stmc:nt in animal-drawn c:quipmi:nt will he: morl.' pn:dominant and 
will hi: raisc:d from S75 million to $90 million. nc:arly 55 pi:r n:nt of total irnc: ... tment: 

(c) In Latin Amc:rica the: trc:nd is more: towards imc: ... tmc:nt in rni:chani/l:d 
c:quipmi:nt (95 pc:r cc:nt of total in\c:.,tmi:nt in I 9X5 ): 

(cl) In di:\·doping countric:'. in hoth ,\..,ia and thi: \tiddk Ea.,!. the: irnc:-.trnl.'nl 
outlook i ... tor mori: mc:chanizi:d equipmc:nt. 

FHimarcd demand }i>r tractors 
IWP figuri:s for JlJ75-JllX5 ... how the: following pattc:rn of di:\dnpmi:nt: 

(11) An incrc:asc: in tkmand for four-\\h;:d tr,1ctnr.., in A ... ia from .200.IHHI unit-. to 
970.0011 in l9X5. An intc:rc:sting katuri: is a 20 pc:r ci:nt growth rate: in l\\O-\\heel 
tractor.... prohahly for the incorporation of mon: mc:chanizc:d s\stc:m... where: 
animal-dra\\ n farming exish: 

(h) In Latin Ami:rica thi: <.kmand for tr;:clors will he ... oml·what 1c.,, during 
1975-1985 hecause the prc:sent tractor population i., higher in thi' area: 

(c) In thi: Middle Ea ... t the: e-.timatc:d growth rate of tractor n:quiri:mi:nh \\ill he in 
the region of 5.1 per c .. :nt during I 97)-J lJX5: 

(cl) In Africa (-.outh and north of the: Sahara) thi: growth rate of mcd1anizl·d input 
will hi: 2.lJ per cent and 4.X ricr ccn.t during JlJ7: to flJX5. 

There will abo be a .!.!realer dcrnand for fertilizer and crop protection inpuh. 
All the ahmc c:-.timatc:-. of demand for agricultural input' .,how cicarly that thl· 

requir:.:mt:nts of mechanized farming will he more predominant in Africa (north of thl· 
Sahara). Asia and the Middle Fast during the next decade. 

The input <..kmand for machinery and equipment in Latin America will he: le-.-. 
hccaU'>l' of the cxi·,ting huild-up of machinery and equipment. which ha-. reduced demand 
to a great extent. In Africa (-.outh of the Sahara) greater i:mpha-.i" should he placed rn; 
the improvement in farm mcchani1ation. as the demand rate for mcchanitl'd input i., not 
\cry encouraging for the next decade. 

To intensify crop production. a comprchcn-.ivc and cohe-.ive national mcchani1ation 
policy i-. needed particularly in the: lca\I developed countric .... wl·.crc greater effort i-. 
rcquirl·d for the utilization of manpower through mc<.:hani;;1tion and off-farm indu ... trial 
activitic-. in all agrirnltural and industrial -.cctor-.. 
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TARLE48_ ESTl'.\1A TED L'i\ EST\tE'.'/TS I~ 1%2 A'.'D PROPOSALS FOR 1975 A'.'D 19S5 

l<c"g1t1n I""" ') : 1-:--;: . r.,_ 
----- ----· 

""" rrr·· 1-u/11,· Pt·n:o'tu.t:.t l "t1/Ut' J't'TlC!l{tl_t..:.t' 
.,_, rmi/lion "-f (Ol<lf lmilli•m ,,_,- /0/<1/ 
,.,, 1f1lt'Tl[ dn//un- I in' ·,·~l1n<'nl dollunl cn\·t~\tnrcnr 

Afrin1 (south 
of the Sahara) 
Animal-drawn~ 60 70 7;;, fi() 

Mechanized" 25 30 50 40 

Total 85 12"> 

Asia 
Anirrial-drawria 425 86 .183 59 
Mechanized t> 70 14 340 41 

Total 495 s,, 
( -·' 

Latin Amt'rica 115 20 80 Ill 
Animz'-drawna 435 80 720 90 
Mcchat 1izcd" 550 xoo 

T<t 11 

Middlt' I .-cw 25 36 30 26 
Anim.:1-drawna 45 64 8'i 74 
Mcchani;:cd to 70 115 

Sourct': Pnwisional study of IWP_ 
•including hand tools hut not incluoing the cost of draught animab_ 
"Tractors~ equipment for tractor'. c1>~hinc harv1:s1cr' c;e_ 

!9 ..... 5 
J ·,1iu,· Pt·rn·ntag,· 
I million t>f [tl(LJ/ 

do//<1n I lfll"t'.\"ffilt"ll{ 

90 55 
75 45 

165 

545 2X 
1415 72 

I 960 

50 5 
I 050 95 

1 JOO 

35 21 
135 79 

170 

TABLE 49. ESTIMATED TRACfOR REQUIREMENTS 

__ < ;,m, rh ~Jf!_·:~1111 ___ 

Rt'gion / •)(J5 /<J75 /'ili5 I <JfJ5 -I <J75 / <17.'i-/ <J8_'i 

----
Africa south 

of the Sahara 22 ()()() 3 5 000 56 000 4.8 4.8 
A:-.ia 

Two-whcch:d tractors" 19 000 IOlJ 000 700 000 19_ I 20.0 
Four-wheeled traltnrs 85 000 200 0()() 970 000 12.5 13.2 

I .a tin Aml'.rica 3"76 000 5 70 ()()() 8 (() 000 4.3 _1_6 

Middle East 3 5 ()()() 7 l ()()() I i 7 000 7.3 5.1 
North-Wes! A~rica 36 0011 41) 000 65 ()(10 .-u 2.9 

.'in11f<"1': Provi"onal 'ludy of IWP. 
"Two-wheeled tractor fi~urC\ arc 111diG1tcd onl~ for A~ia. ~ince they arL' pf lillk ir.1portanl'l' cl,l·whl·r,·. 
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TABLE 50. PROPOSED ANNUAL RA TE OF ·1 RACIUR SlrPPLY 

l'H>5 /<J75 /l.J8.'i -- - ----

.·h .-\.\ 
E~rimared "<'place- Propo.ffd replac.·- l'r11po\o'd 

Region Tora/ m1'11b tflCTt'l.L''it.• TottJ! 11lt'lll\ increase /orui 

Africa south of the 
Sahara 4 000 6 000 2 000 8 000 9 ()()() 3 ()()() 12 ()()() 

Asia 
Two-wheeled 
tractors" 3 500 6 000 26 000 32 000 43 000 167 000 2 IO 000 
Four-wheele-J 
tractors 16000 17000 36 000 53 000 55 000 130 000 185 000 

Latin Americ2 43 000 -BOOil 23 000 6<i 000 6h OOP 27 ()()() 93 000 
Middle East 5 000 6 000 5 000 11 000 I I 000 6 000 17 ()Ol) 

North-\\' est Africa 3 1100 3 000 4 000 7 000 7 000 I 000 8 000 --- ---
Total 

Two-wheeled 
tractors 3 500 6 000 26 000 32 ()()() 43 000 16 7 000 2 IO 000 
Four-wheeled 
tractors 71000 75 000 70 ()()() 145 000 148 000 167 000 315 1100 

Source: Provisonal study of IWP. 
•Two-w".::':.1 tractor figures are indicated only for Asia. sir.,e they arc of little importance ,f,c"hcrc. 
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Agricultural machinery and implements 
A. M. Michael and B. S. Sirolli* 

There is a feeling in developing countries that hecause of scarcity of capital 
and know-how on the one hand. am! abundance of low-cost lahour on the other. 
farm mechanization can only rarely be justitied. 

Farm mechanization uses physical and biological sciences to find and apply 
hetter ways for the production. handling. processing and storing of food. fihre 
and fodder to improve rural life and living conditions. It also rcf ers to the design. 
development. testing. mandacturing. marketing. operation and maintenance 
and repair of all agricultural implements. machinery ;md equipment. 
Mechanization has to he developed \\'ith respect to the prevailing economic. 
human and social constraints. 

ANIMAL-ORA WN IMPLEMENTS 

Productivity on small- and medium-size farms (less than 5 ha) is increased 
hy using animal power. and the Government of India has hcen supporting 
country-wide research and development (R and D) programmes. In the early 
1940s Professor Mason Vaugh. Head of the Agricultural Engineering 
Department of Allahahad Agricultural Institute. developed and introduced a 
numher of animal-drawn implements. The Division of Agricultural Engineering. 
Indian Agricultural Research Institute, New Delhi. other research institutes and 
agricultural universities havo;: heen playing a notahlc role in improving the 
designs of animal-drawn equipment. The !ndian Council of Agricultural 
Research (ICAR) has a major co-ordinated research project on the 
development and testing of improved implements and machinery with 17 
research centres handling research. devclopmer.t and testing. IC AR has also set 
up prototype production centres in Delhi and Coimhatore to manufacture 
prototypes for evaluation, trial and demonstration. State Governments have 
also heen supporting development programmes. T~e Indian Standards 
Institution (ISi) has set requirements for animal-drawn tillage and cultivation 
equipment. 

Growth in manufacture has heen considerahlc, from the village level to the 
organized sector. Village artisans have henefited from training programmes in 

*Projci:t Direi:tor and !lead of the Divi\ion of Agricultural Fngineerin!!. rl'\Jh.'rtivdy. I ndia11 
Agrirnltural Re,l'arrh Jn,titull'. Nl'w lklhi. Jndi;1. 



states which provide design and manufacturing concepts. As Government 
nolicv. manufacture of most simole imokments is encouraeed in the small-scale 
I .I . • a -

sector. 
Some of the mo~t commonly manufactured animal-drawn implements arc 

mould-board ploughs of different sizes. reversihle ploughs. disc harrows. 
spike-tooth harrows. hlade harrows. 3- or .5-tincd cultivators. wetland puddlers. 
seed and seed-cum-fertilizer drills for cereal crops. planters for sugar-cane. 
potatoes. maize. cotton etc .. fixed and ad justahle cultivators. ridgers. furrowers. 
weeders. scrapers. lc·1cllers. V-framed ridger. hund former. wooden floats. 
Persian wheels. chain washer pumps. hullod-drawn reciprocating low lift 
pumps. povito and gnnnd-nut diggers. lawn mowers. threshers. wheel-mounted 
sprayers and dusters. pneumatic wheeled carts and wagons. sugar-cane crushers. 
chaff cutters and oil glwnics. 

VARIED POWER SOURCES 

One of the major limitations m the widespread application of windmills in 
India, is the lack of suitable machines in the market. Only a limited numher of 
indigenously manufactured machines has been installed. 

The application of solar energy is mainly in the areas of eating and drying of 
agricultural produce and water pumping for irrigation. Efforts arc being made to 
develop a suitable solar engine which could be used for stationary applications 
such a-; water pumpi11g. threshing etc. The limitation is the high cost of the prime 
mover for conve;ting solar energy to other forms of energy. 

The hydraulic ram is a contrivance to raise part of a large amount of water 
available at some height to a greater height. The main advantage is that once 
i1; .;tailed there is hardly any running cost. The machine can work continuously 
for 24 hours and thus gives a regular Y.ater supply. Wherever suitable locations 
exist, hydraulic rams offer an economical means of lifting water. 

Diesel and petrol engines arc important prime movers. Diesel engines have 
become popular due to their low operational and maintenance cost and high 
efficiency. Production of diesel engines in the organized sector was established 
for the first time in India in 1932. After independence, the launching of 
agricultural development programmes under the "Grow More Food Campaign·· 
gave a boost to the industry. In agriculture. diesel engines arc used mostly with 
pumping sets, power tillers, wheeled tractors, motorized scrapers, motor graders 
etc. and other agricultural machinery such as threshers, sugar-cane .:rushers etc. 
While engines used with pumping sets have a power range of 5-15 hp 
(4-11 kW). those on wheeled and crawler tractors range from 18-275 hp 
( 14-200 kW). Production has increased substantially during the past two 

decades. The number of manufacturing units, hardly 6 in 19 51, rose to 32 in 
1975, whilst production which was about 20,000 in 19 51, rose to 141,000 in 
19 75. There is also a large production in the small-scale sector. Production of 
medium- and large-scale units since 1972, given belows, is based on details from 
the Agricultural Machinery Dirccwry. Indian Society of Agricultural Engineers: 
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r.·ar 

1972 
1973 
1974 
1'>75 

Up w :W hp (15 kW} 

60847 
123 047 
93 500 

l 16UOO 

2~/IHJ hp 115-75 k.H'J 

ii m:z 
11 817 
21 734 
22 347 

Elec:tric motors 

Ahtwt' /00 hp 175 k W1 

1 1.. en 
I ,,_.. T 

2 317 
2 850 
2 950 

Electric motors are more economical than diesels in initial cost, operation 
and maintenance, especially in agricultural applications. A wide variety is 
manufatured in India, ranging from fractional horsepower to large sizes. The 
major application is in irrigation pumping, but production should be diversified 
to meet requirements of pumping and other stationary applications. There is 
also a need for better quality control. 

Tractor industry 

Tractor manufacture has developed into a major farm industry. Production 
under licence rose from 1,414 in 1962/63 to 33,252 in 1975176. At present, 
twelve manufacturers are making tractors from 25-7 5 hp ( 19-56 kW) most of 
them completely indigenous. All must have their tractors tested at the 
Government Tractor Training and Testing Station (GIT and TS). Budni 
(Bhopal), India, which follows the Test Code IS:5994-l 970 of the ISi. A fully 
indigenous tractor was designed and developed at the Central Mechanical 
Research Institute \CMER I) and is in regular production. A few other models 
of tractors have also been designed and developed. 

The GTT and TS at Budni assists in special investigations and tests. Other 
government institutions, such as CMERI, Durgapur; National Test House, 
Alipore, Calcutta; India Institute of Sciences (llS), Bangalore; Petroleum 
Research Institute, Dehradun etc., provide testing and advisory facilities. 
Agricultural universities and the institutions of ICAR also undertake work. 
Training in selection of tractors and matching implements, maintenance, upkeep 
and servicing, and procedures for panicular crops and conditions are vital for 
efficient utilization. The Government of India has set up two training centres at 
Budni and Hissar. Both offer regular courses for progressive farmers and owner 
operators, nominees of government departments, farming institutions, 
university students in agricultural engineering and agriculture and engineering 
entrepreneurs. 

Power tillers 

The power tiller is a multipurpose hand tractor fitted with a rotavator or. 
with rotary tillinb blades fitted to the wheel or drive shaft. Power tillers 
manufactured in India have versatile features in that the same machine when 
fitted with a rotavator can be used for rotary tilling of dry and wet paddy lands. 



I:! 7 

Other implements can be fitted and the machine works like a conventional 
four-wheeled tractor except that the operator has to walk behind it. In the case 
of trailers. disc harrows etc .. an operator's seat permits faster operations. 

The single-cylinder light diesel engines of 5-12 hp (4-9 kW) are relatively 
economical for operations in small and medium farms. To adapt the til!ers for 
boggy and wet t>addy lands. special cage wheels and steel wheels for heavy 
traction jobs such as ploughing are offered. Nevertheless. their wide acceptance 
has been slow. Not only is the technology relatively new. but prices are too high 
for an average farmer with three to five hectares. All power tillers licensed for 
manufacture were initially tested at t~::. GIT and TS at Budni. Bhopal. India. 

Earth-moving 

There is an increasing need for heavy earth-moving equipment for land 
reclamation, construction of dams. irrigation and drainage canals. roads. and 
other jobs. Indigenously manufactured machinery is now being extensively used 
in agriculturak, irrigation and other projects. 

Irrigation pumps and water lifts 

In a country with vast resources of underground water and a network of 
rivers and canals, lift irrigation assumes considerable importance. Centrifugal 
pumps are widely used for irrigation. though not efficient for low-head. 
high-discharge operations. Another limitation is that the suction lift is limited to 
about 6.5 m. A development to overcome this problem i.; a medium-lift. 
submersible centrifugal pump with hydraulic drive manufactured in Sweden. 

Vertical turbine pumps and submersible pumps are used to lift water from 
deep wells. 

Since the manufacture of the simplest centrifugal pump in the early 1930s. 
the Indian pump industry has grown steadily. Large-scale manufacturers have a 
total installed capacity of 508,000 units per annum, of which 95 per cent 
comprises those required for irrigation. The small-scale sector is also engaged in 
production for agricultural and domestic use. Growth is almost 400 per cent a 
year. ~ost manufacturers maintain their own testing facilities and several 
organizations are engaged in testing to meet requirements of the ISi. The 
National Test House in Calcutta, India, and other Governmental or 
semi-governmental stations, the GTf and TS at Budni, India. the Water 
Technology Centre of the Indian Agricultural Research Institute, New Delhi, 
the Agricultural Engineering College of Punjab Agricultural University etc., test 
pumps and provide facilities to manufacturers. 

The deveiopment of plant pi otection equipment in India has made rapid 
progress over two decades. More than 40 manufacturers cater to the need of a 
wide range of farming and crop conditions. Aerial application is also being 
practised, for which Hindustan Aeronautics Limited, at Bangalore, have 
organized the production of aircraft. 

The smaller the size of droplets, the better and mor~ effective the coverage 
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of ir.:1ecticide or pesticide. This necessitated changes in the spraying technique 
from high volume to low volume. as the latter needs less water for applk.1tion of 
chemic-dis. Another deveiopment in spr<tving tedmuiogy is ulirC1-k1w-¥oh,;mc 
spraying. The chemical is usually either 1.. ·diluted or formulo.i:...J in oil. This 
technique, so far used mainly in aircraft spraying. has also been introduced in 
knapsack sprayers. ISi has formulated control requirements for materials. 
interchangeable parts and testing procedures. The Central Plant Protection 
Training Institute, Hyderabad. India. provides training on selection and use of 
equipment. Leading manufacturers have training facilities for maintenance and 
repair. 

DAIRIES AND POUL TRY 

The ciairy industry in India is almost as old as civilization. After 
independence, it derived impetus from the establishment of organized milk 
collection, processing and distribution to cater for urban areas. Companies 
manufacturing equipment also supply designs, and commission plants. including 
those for milk powder. baby food and specialized products. Turnover of the 
large-scalt> equipment is Rs 75 million per annum and of small units Rs 25 
million per annum. The National Dairy Development Board, established in 
1965, offers technical and consultancy services. The Indian Dairy Corporation 
promotes milk marketing and dairy equipment. Training and research facilities 
are available at the Indian Institute of Technology, Kharagpur. the National 
Dairy Research Institute, Kamal, and a number of agricultural universities. 

Remarkable progress has been made in producing basic equipment for the 
poultry business, such as incubators, feed mills, brooders, feeders, grading and 
processing equipment, and ancillary equipment and instruments. More than 70 
manufact· ir~rs are involved and products are exported. ISi standards cover 
equipme11t, feedstuffs and their ingredients, housing, storage. handling and 
transportation. The Central Food Technological Research Institute (CFTRI) at 
Mysore conducts training courses and di£scminates know-how for processing. 
The Central Training Institute for Poultry Production and Management at 
Bangalore offers three-month courses in poultry science. Poultry equipment is 
also a subject at the Indian Veterinary Research Institute, lzealnager, and the 
agricultural universities. 

AGRICULTURAL PROCESSING 

Processing of rite and other food, animal feed, and seed are important for 
agriculture. Modern rice processing uses paddy cleaners, rubber roller shellers. 
paddy ~~para tors, polishers, rice-grading, hot-soaking and parboiling equipment 
and mechanized paddy dryers. Modern technology obtains a higher milling 
recovery, superior quality, by-products of greater value, reductio.1 of wastage 
and storage losses, and better economic returns. In 1964, the Government of 
lndla set up a pilot project of seven modern rice mills. These have brought 



increased outputs. superior quality and by-products of better value. Financial 
benefits have more than compensated for the cost of modernization. 

Equipment under production includes scalpers. cleaners. boilers (tor nee 
mills). dryers (husk-fired and oil-fired). storage tanks (steam heat exchanger). 
he<:t exchangers. paddy cleaners. dehuskers. rubber rolls. paddy separators. 
polishers. rice graders, weighing machines. solvent extraction plants. bagging 
and stitching machines. and modern parboiling equipment. Fruit and \'egetahles 
processing extends their use during off-seasons. 

Use of modem techniques in canning and bottling began in the late 1920s 
and developed further after independence. By 1975. the number of units in the 
country was about 1,200. and it was estimated that the value of output would 
reach Rs 400 million during 1977-1978. 

The CFfRI. Mysore. is working on processes and preservation. The Food 
and Nutrition Board is respt'!!sbile for development and quality. Seven Food 
Craf~ Institutes offer courses. and a central consultancy unit has been set up for 
entrepreneurs. Equipment such as washing tanks. cutting machint.~. pulpcrs. 
filler presses. juice extractors. filling machint.-s etc .. is manufactured in the 
country. Integrated programmes of animal husbandry and poultry has brought 
the introductilln of special techniques for cattle and poultry feed. Roughage 
mill~. crushers. size reducers (burr mills. hammer mills. roller mills etc.). 
elevators. storage tanks and bagging units are among the equipment used to 
form a complete plant. 

High-yielding vanetaes of maize. sorghum. and bajra. high
fertilizer-responsive varieties of wheat and rice have created ;· demand for 
seed-processing equipment. and the National Seeds Corporation has provided 
leadership. Seed-processing operations include cleaning. separating. grading. 
drying and treating. Equipment used to form a unit comprises cleaners and 
graders. elevators. seed treaters. dryers. conveyors. holding bins. bagging and 
stitching machines. About 10 large-scale manufacturers in India produce most 
of the items. more than 20 manufacturers or suppliers deal with specialized 
equipment, and a large number make ancillary items such as platform weighing 
machines. air-conditioners. dehumidifiers etc. 

STANDARDIZATION AND QUALITY CONTROL OF MACHINERY 

Faster introduction and use of appropriate intermediate technology is 
essen~ial. Codes of practice or recommended practices in the form of standards 
are relatively new. and emphasis is on the requiremenb of producers. consumers 
and technologists. In order to maintain quality and to reap the benefits of 
standardization, a need was felt for formulating standards for agricultural 
machinery. ISi set up a Fair Implements and Machinery (now renamed 
Agricultural Machinery and Tractors) Sectional Committee in 1959. 
Standardization of component dimensions perm!!"' interchangeability within and 
between similar machines. It also helps to streamline production. and 
contributes to the development of ancillary units r1:quired by equipment 
manufacturer~. For the formulation of technically sound standards, extensive 
research. testing and follow-up surveys arc necessary. With an increase in the 
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use of power machinery. it may be desirable that prescribed safety requirements 
be oade compulsory. Financing institutions could take advantage of the system. 
to ensure not only that quality products are made eligible for credit financing. 
but also that it is properly maintained and or.erated. A code of practice for 
installation. after-sales services. norms of sp?.1·e parts. stocking etc. is therefore 
important. 
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Mexican agriwltural tractors industry 
R. Can:ajal Marquez* 

Badground 

Agricultural mechanization in Mexico was met in part first by imports 
mainly from the United Kingdom and the United States and later by promoting 
assembly and manufacture. National manufacture started in 19'>6, when 64 7 
tractors were produced, a figure which by 1977 had reached I 1,574-still 
inadequate for a country with an area of 2 million square kilometres (see table 
1 ). 

Mexico is, in general, very arid. Only 23 per cent of the area, or 45 million 
hectares, could be considered humid. In addition, only 36 per cent, or 71 million 
hectares are flat; and 15 per cent or 30 million hectares suitable for cultivation. 
Of this area 60 per cent depends on rain for moisture. The area available to 
cultivation is not fully exploited, and in 1973, one of the better years, only 
53 per cert was under-used, the average being just over half. 

Thus, the area good enough for cultivation is very small. and held by very 
few people. Most farmers lack the economic capacity to acquire mechanical aid 
for their parcels of land, so that the demand for tractors is a.:cordingly 
diminished. Government technical and financial support is th~refore required to 
encourage agricultural mechanization. This aid should aim at national 
sufficiency in food production and a just economic system. National deliveries of 
tractors grew at a rate of 4.6 per cent between 1960 and 1977. but with an 
irregular pattern. From 1960 to 1963 there was a decrease of 18 per cent; from 
1964 to 1965 a growth of 48 per cent; from 1966 to 1967 a diminution of 17 per 
cent; from 1967 to 1968 thert was a rise of 54 per cent; from 1969 to 1971 a 
decrease of 36 pt!r cent; from 1972 to 1975 a growth of 119 per cent; and from 
1976 to 1977 a reduction of 13 per cent. 

Projections of demand up to 1982 in four different power ranges of tractors 
are given in table. 2. These forecasts of future demand ignore price variations 
since prices are officially controlled. Increases in the area under cultivation are 
also not considered since they are unrelated to the statistics of purchases. 

The national manufacturing total of 11,574 units in 1977. about half of 
them in the 60-79 hp (45-59 kW) range, represents 75 per cent utilization of 
installed capacity, which is 15,500 units per annum. 

A comparison between capacity of production and future dcma11d shows a 

•Chief. Department of Automotive Industry. Mil1istry of Industries and Industrial 
Development, Mexico, D.F .• Mexico. 
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1978 
1979 
1980 
l 98 l 
1982 

TABLE I. !'l:ATI01'Al. APPARENT 
CONSUMPTION OF TRACTORS ... I %0-1977 

I 9ti0 
1%1 
1%2 
1%3 
1%-l 
1%5 
1%ti 
1%7 
1%X 
l9ti9 
1970 
1971 
1972 
197J 
197..t 
1975 
197ti 
1977 

-lfl7 
2 79X 
5 Jh1 
5 1159 
3 95-l 
5 •l7ti 
fl fl,,,, 
fl Mfl' 
7 95~. 

111507 
9flfl-l 

I i .57-l 

lmporh 

7 ll:'iti 
5119-l 
5 1-lJ 
fl l 5fl 
90XX 
7 77fl 
fl II IX 
.5 11111 
ti h2-l 
h-l5X 
-l 97X 
2 271 
2 XX5 
-lllXO 
7-ll 1 

Ill 5.25 
7 XtiJ 
3Nl0 

"In th.: l""'.:r r:1ng•· 2'-12~ hp I 1'1--'1~ I.WI. 
1'hgun:' for th.: T-2 :' ar.· not induJ,-J 'm.:.: th1' 

tra.:tor j, .:urr.:1111~ onl~ ;1,-.:ml"tk:J tr.1111 pan,_ 1..~al 

man11fa,1ur.: j, pl;u n.:J for a lat.:r ,lat.:. 

TABLE.:!. PROJECTIONS OF TRAClOR DEMA!'l;D TO 19S2 

<~() lip -l/-5CJ ,,,. ,,,,_7" Irr 
T<11t1l 1311"111 131-U 1..111 1-l5-5CJ "ll) 

28 711 I JX9 2 53J 11 l-l5 
29 397 l -l9X 2.l1-l 11 822 
300!B I till7 2 2h.l 12 -l29 
JO 7ti9 I 716 21157 1.l 021 
J l -l.55 I 82-l 2 87h 13 59-l 

>.'W 111• 

'"'' "u' 
UM3 
U 7n.l 
1.l 7X-l 
1.l 97 5 
1-l lhl 

deficit, even considering future .:xtcnsions. One of the principal prohlems facing 
the automotive industry is the supply of foundry parts. Mexican state investors 
are studying possible solutions for the timi:, prici: and quality questions. 

Tractor prices to farmers were almost constant from 196f. to 1973. hut the 
increase from 1975 to July 1978 was more than 100 per cent. Even so, prices in 
the international market arc generally highci than in Mexico. 

Tractor manufacturing technology used in Mexico comes from the United 
Kingdom and from the U nitcd States, except for that required to assemble the 
T-25. This comes from the Union of Soviet Socialist Repubi•cs, to which a small 
once-only payment was made for total tr,rnsfcr, allowing th·: user freedom of 
manufacture and international trade. The others arc more in the nature of a rent 
than a transfer of technology, in that the cost is a percentage pct unit sold and 
restrictions exist on international trade. 
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The Government has to make special efforts to solve simultaneously 
problems of attaining self-sufficiency in food production. the acquisition of 
adequate ...:nd appropriate technology. and the promotion n.:quiremcnts to 
manufacture enough cheap tractors to satisfy the increasing d\!mand. These 
three aspects arc interlinked and must he d~alt with hearing in mind the 
ir:lportance of retaining independence and freedom to choose types of tractors 
wh:Ch could satisfy the needs of mechanization at the lowest costs possihle in 
relation to investments. technology. trade and component prices. 
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Agricultural mechanWttion and farm 
machinery production in Pakistan 

A. U. Khan* 

Pakistan has a population of approximately 75 million. and a quarter of its 
land area of about 37,000 square miles (9.6 million hectares) is in the fertile 
plains of the Indus valley. The balance is the desert in the south-east and a 
mountainous region in the north and west. In general, the climate is semi-arid 
and subtropical. While 38 per cent of the land is considered suitable for 
cultivation, only 24 per cent is cultivated. 1 Of approximately 19 million hectares 
cultivated, about 13 million hectares,2 or 66 per cent, is irrigated. Some of the 
irrigated area is double-cropped, and the majo:- crops are wheat. rice. cotton. 
sugar-cane and corn (maize). The agricultural st:ctor constitutes 36.4 per cent of 
the total GNP,3 and nearly 72 per cent of the population depends on agriculture 
for a living. 

Nearly 90 per cent of the farms are less than 10 ha in size. run monthly hy 
family labour. 

Pakistan has been following an import-based agricultural mechanization 
strategy with a major emphasis on introducing large tractors of 45 hp (34 kW) 
and above from industrialized Western countries. Consequently. a severe 
foreign exchange drain is being incurred. 

Potential for local production of tractors, implements and farm machinery 
is great. Past efforts have been limited mostly to introducing certain imported 
machines, but with the exception of conventional 35-60 hp (26-45 kW) 
tractors, such an approach has not proved too successful. If agriculture is to he 
properly mechanized, due attention should be given to all elements of the 
system, e.g., research, design and d~velopment, testing, extension. 
manufacturing, sales and service. Of particular significance would be the 
development and introduction of technologies appropriate for farms of less than 
10 ha. 

.... 
•Project Director. IRRl-PAK Agricultural Mac-~;nery Programme. International Rice 

Research Institute, Islamabad, Pakistan. 
1Rural Development Year·flook of Agricu/wral Stati.Hic.f, ICJ73-N74 (Islamabad. Pakistan. 

Ministry of Food and Agriculture, 1975), p. 26. 
2Agricultura/ Stati.{fic·s of Pakistan, /97() (Islamabad. Pakistan. Ministr 'lf Food and 

Agriculture. 1976), pp. 150-15:1. 
3Paki.Han Economic Survey (Islamabad, Pakistan. Finance Division. 1975). 
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MAJOR FARM EQUIPMENT 

Most animal-drawn implements are based on traditional designs evolved 
over centuries. produced by village blacksmiths or a few small firms. Efforts are 
needed to import. evaluate and introduce a variety of those proved successful in 
countries with similar agro-climatic conditions. 

The Pakistan Census of Agriculture. 1975. showed 35.714 tractors. nearly 
all privatdy owned by farmers with more than 10 ha. About 58.000 were 
operating at the end of 1977. From 1964/65 to 1976177. a total of 78.()91 
tractors in the 40-60 hp (30--45 kW) size were imported. From 1974175 
onwards, the numbers increased substantially. 

Power input, except for well boring, has been estimated at 0.120 hp per 
acre (0.22 kW/ha) animal, human and mechanical. It has been generally 
accepted that a minimum of 0.2 hp per acre (0.4 kW/ha) is essential in most 
developing countries for obtaining reasonable crop yields. Using this as a target. 
projections of demand for tractors of 45 hp (34 kW) er more by 1988. show a 
steady increase from 15.000 in 1978 to 24,450 in 1988. (The table gives demand 
projections for tractors, implements and farm machinl~ry up to 1982.) 

Plans for producing tractors in the p11blic sector have now been announced 
by the Government. Steps are now needed to encourage production also in the 
private sector. Projections also indicate a sufficiently large tractor market to 
justify indigenous production of more than one make of 40-60 hp (30-45 kW) 
tractors. Development of an ancillary industry for components production is 
essential. Fi~ different makes of imported 25-35 hp ( 19-26 kW) tractors are 
being tested by the provincial agricultural engineering organizations. Limited 
numbers of selected makes will be imported for sale to farmers to evaluate 
suitability and commercial viability under actual farm conditions. 

TRACTOR. IMPLEMENT AND FARM MACHINERY DEMAND PROJECTIONS FOR THF. 
PERIOD I978-I982 

F\tim1111·d 

'"'''"'•/firm r•fll.\ l>1•m1111tf prt1i••cti11m f1111i£\) 

.•hortt1g1•.\ i11 
l>escriptio11 1977 (1111its} /IJ7li ! •J71J /WW / 1.1.'i / /'Ji'I:! 

----·--· 

Tractors 58000 I5 000 15 750 16 540 17 .170 18 2411 
Cultivator 52 400 13 550 14 2JO 14 940 15 690 16 4811 
Mould-hoard plough 5 500 1420 ! 490 l 570 I fl'iO I 7JO 
Disc piough 6400 I 660 I 740 I 8JO I 920 2 020 
Disc harrow 5 100 1.320 I 380 I 450 I 530 I MIO 
Levelling blade 22 JOO 5 720 6000 6 JI)() 6 620 6950 
Rotavator I 900 490 520 540 570 600 
Grain dri!l 3 700 960 I 000 i 060 I I JO 1 160 
Fertilizer drill 550 140 150 160 160 170 
Power sprayer I 000 ~60 270 280 JOO _,20 
Trailer wagon 10650 7 93:1 8 320 8 74:> l) 180 9 640 
Cane crusher I 250 320 340 360 370 390 
Wheat thresher 

(a) Tractor-powered 11 050 3 300 J 750 4 IJ(l 5 o:m (i 000 
(b) Electric motor-

powered I 050 I 5110 i 650 I 990 2 400 



/ 3f> 

INDIGENOUS PRODUCTION 

South-East Asian experience indicates that rapid progress can he ad1il:-. cJ 
through local production of simple. indigenously designed. -l-wheel tractors. 
Two such tractors. one designed at the International Rice Research Institute 
(IRRI) in the Philippines and the other commercially produced in Thailand. 
have been imported for testing and evaluation. They arc hcing adapted for local 
up!and farming conditions and. if successful. will he introduced to local 
manufacturers. 

The most popular tractor tillag 0 implement indigenously produced is the 
cultivator, made by numerous small firms. Tractor cultivators arc also widely 
used, but the ~ange of other tractor implements is limited ar'.u should he 
broadened by pr·Jduction and imports. Mould-~1oard ploughs. disc harrows. disc 
ploughs and chis..!) ploughs require special attention. More liberalized i111ports of 
components such as springs. points. sweeps etc. will help to improve the quality 
of locally produced cultivators. 

Levelling blades and trailers are two other tractor attachments prnduced in 
substantial numbers. Limited production of seed drill~. disc ploughs and disc 
harrows is also bei:ig undertaken. While capacity exists to meet local demand. 
there is a shortage o: discs and other cutting tools. Encouragement is neeued for 
makin;? discs and soil cutting tools such a!; shovels. cultivator sweeps and 
ploughshares. 

Pakistan has recently imported 2.000 Chin~se 12 hp ,-J kW) diesel power 
tillers, which are being marketed all over the country. In the dryland farming 
areas they are being sold with a 50 per cent subsidy. There is a widespread belief 
that power tillers are not suitable for local conditions and evaluation is needed 
especially in the rice growing areas. The Chinese and Japanese types arc fairly 
complex and difficult to produce in low volumes. In Thailand and the 
Philippines, simple, locally designed power tillers have been successful. Some of 
the IRRI models have been imported for test and evaluation, and a iocal firm 
has manufactured a prototype. Experience with the Chinese power tillers will to 
a large extent dictate the future of power tillers in Pakistan. 

Diesel engines are used for tube-wells and crop processing and there is an 
established industry producing slow-speed stationary diesels of 10-30 hp (8-22 
kW). Lack of production of lightweight high-speed diesels in the 6-12 hp (-l.5-9 
kW) size however has been a serious probkm. They are needed for a wide range 
of farm and other equipment. 

A nationalized company makes a small number 'Jf medium-speed, 4.5-8 hp 
(3.4-6 kW) vertical air-cooled diesel engines. The price is higher than 
comparable imported engines and it has not found a large market. To encourage 
production, imports of small-size diesels has been banned, and consequently. 
6-12 hp (4.5-9 kW) engines arc not easily available at economicai prices. 
Limited i~ports coupled with progre~sive local production of one m two 
selected makes could be helpful. 

The Plant Protection Directorate used to provide aerial spraying for most 
major crops, a practice now being phased out. Local manufacturers producing 
manual and power-operated equipment have to compete with imported 
mass-produced m~chincs offered at subsidized rat\o!s. A degree of market 
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protection even at some sacrifice of quality and price, m<.1y be necessary in the 
early stages of indigenous manufactu;-e. 

Shortage of labour during the peak demand period is creating pressure to 
mechanize paddy transplanting operations. The Government has recently 
imported 100 power-operated 12-row , ·ansplanters from China. Two hundred 
and fifty power-operated 6-row transplanters have also been imported from the 
Democratic People's Republic of Korea. These machines arc now being 
evalu:ited and marketed in the rice-producing areas of Punjab and Sind. A 
number of local firms have produced prototypes. 

Animal- and tractor-drawn seed drills are used on a limited scale. and 
seed-cum-fertilizer drills have not yet been introduced. though increases in 
yields reported due to their use makes it important for them to he introduced 
soon. 

Almost all crops are manuaily harvesteJ but labour shortages during peak 
periods present serious problems. Harvesting combines are highly 
capital-intensive machines which displace labour and their use is not 
recommefliied for a country like Pakistan. A few reapers and reaper binders 
have been imported from Italy and Japan, a self-propelled reaper binder is being 
developed at the Agricultural University, Faisalabad. and a local firm's 
front-mounted tractor reaper is now being tested. 

The wheat-threshing machines were first introduced in I 958-l 9Y>. 
Acceptance was slow at first but increased after 1970. The threshers currently 
popular usually take power fro111 tractors. They can also be powered by 25-hp 
(19 kW) electric motors or 35-hp (26 kW) stationary diesel engines. A serious 
limitation is that output is !ow for the power consumed. The threshers also 
damage grain, affecting germination and increasing spoilage during storage. 
Threshing technology has been relatively static f0r over a decade, hut the 
introduction of two new multicrop IRRI designs has generated considerable 
interest. The IRRI machines can thresh wheat, paddy, sorghum. soyabcan and 
many other small grain crops, and arc powered by ~ 12 hp ( 4.5-9 kW) diesel 
engines. Demand is expected to increhse rapidly. 

Paki:;tan's young wheat thresher manufacturing industry is progressing 
rapidly. At mid-1977 about 70 firms wt..;-~ r>roducing approximately 5,000 units 
annually. Nearly three quarters of the firms arc small with an annual production 
of less than 50 threshers. Almost all have some excess production capacity. 
Eight firms have produced prototype units of the IRRI multicrop threshers and 
some have started commercial production. Under the Government's Salinity 
Control and Reclamation Project (SCARP) tube-wells arc being installed in 
Punjab and Sind. They arc fairly large and generally powered by electric motors. 
Appruximatcly 50,000 have been installed so far. Water from them is mixed 
with •• vcr water for irrigation. About 150,000 private wells, usually smaller in 
size, arc powered by 15-20 hp (11-15 kW) diesel engines. Pumps and diesel 
c.1gir.cs are produced locally. The Government provides a subsidy of $750 to 
$1,500 on new wells driven by diesel engine. Hcav~· slow-speed diesels widely 
produced for rice and wheat milling have been adapted for use. Electric power is 
made avilablc for agricultural well opcra!ion at ~O to 40 per cent subsidized 
r ... cs. The cost of wir· and installation of electric tube-wells i..- also suhsidizcd. 
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MECHANIZATION LINKAGES 

Research and development (R and D) facilities in a~ricultural machinery 
are limited. Except for the Agricultural Engineering Department, University of 
Agriculture, Faisalabad, hardly any machinery R and D work is undertaken at 
educational institutes and the industry has virtually no organized R and D 
activity. 

The Government is, however. taking steps to establish adequate facilities, 
and a National Institute of Agricultural Mechanization (NIAM) is under active 
consideration. The Agricultural Research Council's co-operative machinery R 
and D programme with IRRI is being expanded and will form a part of · '1e 
National Institute. The National Institute will devote special attention to the 
testing and introduction of new technologies. NIAM will be closely linked with 
provincial organizations engaged in machinery R and D through it!' own 
co-operative machinery testing and adaptation sub-stations in each province. 
There is a serious shortage of designs to meet the special needs of farms with less 
than 10 ha. and NIAM will focus its development efforts on these needs. 

Most manufacturers in Pakistan produce almost all their machinery 
components themselves. Manufacture of farm implements and machines is well 
suited for small-scale batch production in rural areas. There are, however. scme 
machinery components which can only be produced with relatively more 
complex production equipment. An inter-linkage between rural and urban 
industries will thus be necessary for large-scale prodm .. tion of most farm 
machines. The important high-technology components which may have to be 
produced are ball-b~arings, roller chains, bearings, seals, belts, springs, discs, 
cultivator sweeps and points, mould-board ploughshares etc. If these are made 
available to the rural and sIPall industries, manufacture of farm implements and 
machinery can progress smoothly. Manufacture of suitable engines must be 
undertaken at centrally located plants in the metropolitan areas. Availability of 
6-12 hp (4.5-9 kW) lightweight medium- and high-speed diesel engmes is 
essential for the production of a wide range of machines for small- and 
medium-sized farms. 

The Pakistan Tractor Corporation (PTC), through which all tractors and 
farm machinery imports are channelled, operates marketing offices in the major 
cities for distributing foreign tractors. Two private firms which import through 
PTC also operate a marketing and service network. Many firms import parts and 
distribute through dealers. Tractor implements are mostly produced by small 
firms and sold locally. National level marketing might help to improve the 
impiement manufacturing industry's organization and perhaps the quality of 
products. The Ministry of Rural Development has launcited the Integrated 
Rural Development Programme (IRDP) under which 625 service centres 
(Markaz) have been set up in the rural areas of the country. These will provide 
comprehensive farm ..;ervices such as banking, seed and fertilizer supply, 
machinery repair and service facilities to local farms. The objectives include 
assistance to village blacksmiths for rural machinery repair, maintenance and 
manufacturing facilities and hiring pools. PTC has organized a scheme to help 
private repair shops with training and other assistance. Six training schools for 
operators are provided by the Agrkultural Engineering Organi71tion. The 
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Pak-German Institute of Co-operative Agriculture has one for operators and 
another for mechanics. Dealers, operat.>rs and servicemen are trained by a 
tractor firm in Lahore on two types of tractors. 

In addit10n to the Agricultural Development Hank, most commeraal banks 
have recently started offering credit to farmers for purchase of machinery. In a 
recent survey of thresher manufacturers in Pakistan, however, lack of credit was 
pointed out as a major constraint. Small manufacturers do not have access to 
adequate credit for producing machines. The National Bank of Pakistan has 
recently started a supervised credit scheme for agriculture and technology which 
provides loans to enterpreneurs. Some of the priority clients are agncultural 
machinery manufacturers, self-employed engineers and technical workers. 

PUBLIC POLICIES 

Currently, government policies are undergoing changes to encourag.- local 
manufadure of agricultural machines. The Government has recently allowed 
manufacturers to import production equipment under gift schemes. Financing 
policies for tractor ownership are being liberalized. The Government has also 
introJuced schemes to popularize certain machines through price subsidies. For 
the last four years, all tractors and agricultural machinery have been imported in 
the public sector through PTC, the idea being to make equipment available at 
cheaper prices, to provide effective after-sales service ar.d to do away with some 
malpractices of the private sector. In practice, however, this monopolistic 
practice has created a number of problems. The Government has recognized 
this and has recently permitted imports of tractors by private firms. 

Restriction of imports of 45-60 hp (3~5 kW) tractors to five makes has 
had only a healthy effect on mechanization since supply of parts and servicing is 
developing in rural areas. Continued restriction may be necessary, however, to 
avoid proliferation of makes followed by deterioration of service and spares 
facilities. 

Issues related to agricultural mechanization and machinery production are 
dealt with by many ditferent ministries and it is difficult to obtain clear-cut 
decisions to facil!late indigenous production. As a result, no comprehensive plan 
has yet emerg~d for co-ordinated development. A single organization should be 
charged with responsibility for developing the industry. 

In s0me cases, present regulations in effect discourage local production. For 
example, many hrm machines which are locally produced can be imported free 
of customs duties, whereas imports of steel, copper, brass and other raw 
materials needed for local production have high customs duties. The 
GrJvernment's recent scheme for rebate of duties to agricultural machinery 
manufacturerf, may he!p to eliminate this anomaly. Another interesting example 
is that ground-operated plant protection equipment is imported and sold to 
farmers at a 50 per cent subsidized price. Local manufacturers of similar 
equipment consequently find it almost impossible to compete in the open 
market. 

A widespread belief that locally produced equipment must initially match 
the quality and price ~f comparable imported equipment has to some extent 
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hampered the development of an indigenous agricultural machinery industry. 
Imported agricultural machines are often permitted to compete openly with 
locally produced equipment. The question of market protection for indigenous 
manufacture needs careful consideration. Manutactur!ilg under iicence with 
established manufacturers can produce excellent quality control. Government 
import policies should provide incentives as well as regulatory policies. to 
encourage planned and co-ordinated production. 

Most provincial governments operate bulldozer. tractor and farm 
machinery hire stations. which have an important role. especia~.y during the 
early stages of mechanization, for introducing new models. testing new 
implem~H~~ :!!!O providing mechanization training. In the long run. however. the 
services could be r10re effectively offered through small localized private hiring 
SefVIC\!S. 

Governmeilt puchases can play a significant role in improving production 
quality and in test-marketing limited numbers of the new indigenously produced 
machines. Provision for import of equipment by actual users helps to introduce 
new technologies and provides opportunities for evaluation under farm 
conditions without cost to the Government. 

Industrial co-operatives seem to offer some possibilities for improved 
production of even fairly complex machines in rural areas. In many rural towns 
where a sizeable farm implement production is being carried out by blacksmiths. 
industrial co-operatives would help in marketing production on a wider scale 
and in improving quality by providing technical and other assistance. 

Coni:lusion 

Indigenous production of farm machinery has had mixed development. 
While production of threshers has increased steadily. only a f cw tractor 
implements have been locally produced. Production of tractors has not yet 
started but plans have been made. Steps arc being taken to rectify 
nationalization problems so that this important sector can be rapidly developed. 
Increasing shortage of rural labour is creating pressure for mechanization and 
Government R and D organizations will play an important role in developing 
appropriate technologies. The future of agricultural mechanization and local 
production in Pakistan of agricultural machinery is promising. 
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Agriwltural machinery industry and rural 
industriahation in the Sudan 

:\1. A. Bedri* 

INTRODUCTION 

Tht: paper reviews the present status of agricultural machinery and rural 
industrialization in the Sudan and considers plar.s for the future, including a 
major project evaluated by the World Bank/UNI DO Co-operative Programme. 
The Government's policy of developing co-operation with other African 
countries is also considered. 

The Sudan is the largest country in Africa. with an area of approximately 
I million sq m (2.5 million km2 ) equiva:ent to ahout 600 million feddans (one 
feddan = 4,200 m2 = 0.42 ha). Abmit 200 million feddans (84 million ha) arc 
suitable for habitation; at present only 17 million feddans (7. I million ha). arc 
cultivated, 4 million (I. 7 million ha) h) irrigation from the Nile and its 
tributaries, and 13 million (5.5 million ha) by rain. 

The cultivated area will increase to about 21 million fcddans (8.8 million 
ha) by the end of the present six-year plan in 1982-1983. One third of the 
country north of latitude 19° N, i~ an arid desert where agriculture is possible 
only on a narrow strip along the banks of the Nile. The more humid climate oi 
the southern region with heavy rainfall is suitable for tropical crops. The central 
plain has been the main area for traditional farming and is now the most suitable 
for modern development. Cotton, sorghum, wheat. millet, ground-nuts. 
sugar-cane and sesame arc the most important crops. The population of the 
Sudan is about 17 million and very sparse. 

The United Nations includes the Sudan among the least developed of the 
developing countries. It is p<xlf. with low rates of capital formation. a low level 
of savings and high indebtedness. About 80 to 90 per cent of the population 
depenc~s on agriculture for a living, earning between 96 and 98 per cent of all 
export earnings. In contrast, 6-7 per cent of imports have a direct hearing on 
basic agricultural productivity, comprising items such as fertilizers. insecticides, 
herbicides and agricultural tractors and machinery. Between 1962 and 1976, the 
Sudan imported 13,773 tractors of 20 types; 1.715 combine harvesters ( 17 
types). and 13,020 varied implements. 

"General Manager and Co-ordination Direl·tor. Truck and Tractor Projects. Ministry of 
Industry. Khartoum. Sudan. 



Agricultural production comes from irrigated and rain-land farming. Croµs 
from the irrigated area were mainly dependent on hand labour up to 1960. 
Today seed-bed preparation and insecticide. herbicide and fertilizer applications 
are fully mechanized. Wheat is combine-harvested. sorghum is partl· 1 threshed. 
Sugar-cane cultivation is 1nechanized. but harvesting is by hand. Cotton is 
mostly planted, weeded and picked by hand. but mechanical planting and 
weeding is being applied when conditions are favourable. Mechanical cotton 
picking is under trial and evaluation. The introduction of machinery for these 
crops was dictated inter alia by shortage of labour caused by migration to the 
cities and new industrial projects. higher wages, and the fact that mechanization 
improves the timing of operations and decreases losses. 

The rain-land area is divided into two sub-sectors according to methods of 
traditional and mechanized farming. 

Traditional farming covers an are~ of about 4 million feddans ( 1. 7 million 
ha) and all operations are by hand or with primitive hand tools. This is 
subsistence-level agriculture, and holdings are mostly very small. All the millet. 
most of the ground-nuts and sesame, and some of the sorghum produced in the 
Sudan come from this area. 

In an area of 9 million feddans (3.8 million ha). crop production is 
completely mechanized. Holdings range from 1.00<) feddans (420 ha) to 
5()(\000 feddans (210,000 ha) or more. Mechanization is the only way to 
develop these mil!ions of hectares which have ~nough rainfall. but which are far 
from cities and towns and lack transport, food and water for domestic use. 

Ma•fadllre of apiadmnl madliaery 

By 1976/77 the contribution of the industrial sector to GDP had reached 
14 per cent, and the manufacturing industries recorded a growth rate of more 
than 5 per cent. The main sectors are food, textiles, chemicals, leather and 
engineering. The engineering sector is the least developed. Tractors and 
agricultural machinery are locally assembled in workshops belonging to the 
equipment distributors. 

The first phase of the Government's economic and social development plan 
from 1977178 to 1982/83, includes the following objectives: 

(a) Development of agro-industries based on local agricultural production 
to achieve self-sufficiency and a surplus for export; 

(b) Production of agricultural inputs such as cement, insecticides, 
fertilizers, agricultural machinery and spare parts; 

(c) Development of small-scale industries based on local m.tterial and rural 
industries to check the drift to urban areas; 

(d) Achievement of a balanced distribution of industries; 
(e) Devel\)pment of basic infrastructure, especially hydroelectric power 

and construction industries; 
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(f) Encouragenent of participation of both foreign and national private 
sectors. 

The contribution of the industrial sector to GDP is expected to increase 
from 14 to 16 per cent. and that of the ~anufacturing sector should reach 1 U per 
cent in 19·;2183. There is a pressing need for agricultural machinery of different 
types. The six-year plan for economic and social development has stressed the 
increased use and manufacture of agricultural machinery. At present there is no 
agricultural machinery industry in the country. The table shows the imports of 
agricultural machinery and equipment by type from 1962-1976. There are. 
however, many repair workshops for tractors and machinery in all production 
areas. There is a limited manufacture of irrigation pipes, fuel and water tanks. 
small canal ditchers and agricultural trailers of different sizes and for different 
purposes. Axles, wheels, tyres and sheet metal are imported. Welding 
electrodes, liquefied gas and paint are produced in factories in Khartoum. In 
rural areas small hand tools are made in blacksmith's shops using scrap iron. 
These include hand hoes, weeding hoes, planting sticks (selluka) and 
animal-drawn wooden ploughs with metal tips (Beladi plough). 

IMPORTS OF TRACTORS. COMBINES AND AGRICUL TIJRAL IMPLEMENTS. I 962-l 97h 

(/\:umber of units) 

Type of equipmn.1 ICJ61-/96Y IY7t~/Y72 /Y73 /'174 /'175 !'17h '"'"' 
Tractors 4 427 2 987 I 416 2 151 X52 I 9-lll IJ 773 
Combines 574 293 220 25-l 121 253 I 715 
Agricultural implements 
Disc plough 481 325 55 l-l5 179 255 I -l..io 
T oolbar and ridger 2 58h 761 -l7 309 2h41 523 -l -lX6 
Offset disc harrow 144 33 45 48 236 

"' 
5111 

Wide level disc with 
seeder box 1846 I 475 40 I 065 I Ill ... 53h 

Planter llKI 120 6X '"'' 210 h.W 
Multipurpose blade 254 52 16 3 1..i 30 ..i29 
Ditcher 143 IOO 2 llKI 163 508 
Border disc 14 17 18 39 
~-?.i1d plane 40 6 ... 130 8 6 19-l 
Chisel p!ough lO 20 h 30 66 
Cultivator 12 2 ..i9 I Ill 173 

Tedulical iasdtudons 

Technical institutions which could play an important role arc described 
below. 

The Departmen"t of Agricultural Engineering of the Sudan Gezira Board 
is engaged in R and D and in modification of agricultural machinery to suit crops 
grown in the Gezira province; works in close co-operation with the National 
Institute of Agricultural Engineering. United Kingdom: has developed 
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a tractor-mounted cotton-stalk puller. fertilizer and herbicide spreader and 
ground-nut washer; has modified a ground-nut digger and a combination of disc. 
rotavator and ridger; and organizes mechanization trials. tests equipment and 
provides technical advice and assistance. 

The Agricultural Engineering Administration of the Ministry of 
Agriculture is the offical government body for testing imported tractors and 
machinery; is responsible for training and technical advice to all agricultural 
corporations and production units and for modernizing the traditional sec~or: 
and operates centres for training a,gricultural mechanics, tractor drivers and 
machine operators. 

The Agricultural Engineering Department cf the F acuity of Agriculture. 
University of Khartoum. arranges some field tests and limited mechanization 
trials. Agricultural students have the opportunity to major in agricultural 
machinery and mechanization. In co-operation with the faculty of engineering. it 
has offered a degree in agricultural engineering. The first graduates will 
complete the course in J 979/80. 

The Mechanized Farming Corporation of the Ministry of Agriculture is 
responsible for development of mechanized rain-fed agricultural projects. 
Besides reclaiming land, developing infrastructure and advising farmers. it 
organizes trials and development of new pr:-.ctices to increase yields and reduce 
costs. and runs workshops available to farmers. It receives assistance from the 
World Bank and has negotiated a third loan for $17 million. 

Problems and future needs 

The problems facing the Sudan ar•· those of mnst developing countries. The 
most important arc ~;hortages of engineers. operations. maintenance and repair 
facilities, repair mechanics, tractors, spare parts and facilities for developing 
special purpose machinery. Infrastructure is also generally poor. Many of the 
difficulties arc caused hy shortages of foreign exchange. The extended ( 18 year) 
development plan to 1994/95, gives top priority to the agricultural sector. which 
accounts for more than 90 per cent of foreign exchange earnings. The economk 
activities of other sectors, especially transport and industry. arc critically linked 
with those of the agricultural sector. 

Assuming an average of 70 hp per tractor, the level of mechanization today 
for the Sudan is 0.17 hp/ha, compared with 0.20 hp/ha for Asia and 0.27 hp/ha 
for Latin America. To fulfil the potential for high yields on a large scale, 0.5 
hp/ha is generally required. Taking an intermediate figure. lower than for Asia 
and Latin America, the number o:· tractors required for mechanizing the present 
area of 12 millio.1 acres is about 24,000 to 30,000 tractors of 65-67 hp. In 
addition, new areas arc planned for cultivation. By 1983, the total should he 
about 8.8 million hectares. It is expected that the An1h Funds will allocate more 
than $2 million for the next 25 years for agricultural development in the Sudan. 
The last market survey towards the end of 1976 showed: 
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·1 ral'tors. 70-77 hp 
Combine harvesters. i"*-it. it. scii-propeikd 
Chisel ploughs. mounted or traik-d. Ill 1yn.-s. 2.-t-t m or more 
Wide level disc + seeder + drawn. 15 ft IH in. diS1.' 
Toolbar 1.1.ith ridger. 2-2 . .t.t m • .t-6 bottoms of 22 in. rr.ounh.'ll 
Planters. "'-fl rows. and fertilizer attad1ment 
Heavy disc plough. -t-5 discs 
Seed drill 3 m wide. mounted. and fcrtili1er box 
Offset disc harrow. 9 ft. traik-d 

$90 million manaf•cturi111 projed 
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The six-year long-term plan up to 1995 provides for the establishment of 
industries manufacturing inputs such as agricdtural machinery. fertilizers and 
insecticides under a joint committee from all relevant ministries. A mission from 
the World Bank/UNIDO Co-operative Programme helped in evaluation and 
negotiations. A tractor and machinery project is to he established. with the 
Massey Ferguson Company (MF) holding 25 per cent of the shares. the 
Sudanese Development Corporation holding 2.i per cent and the Government 
of Sudan 51 per cent in a complex including manufacturing and assembly 
facilities, a training centre etc .. at a cost of nearly $90 million. Maximum 
production operating on one shift for 250 working days per year will be reached 
in four years. 

The planned annual output for the project is: 
Tractor MF2H5. 25-40 per cenc local content 3 CHHI -t OIHI 
Self-propclk-d combine harvc .. -ster MF520R. ha~ger type. 1-t- lh ft. ~ 10 hp dicwl 

engine, 15-20 per cent local content -tlHI 
Disc harrow "-lth !lecd + fer1ili1er. MFJNI. 15 ft. trailed. disc IX in I -tlHI 
Toolbar carrier MFKll. 2.44 m. with 4-h ridger bodil"i. 22 in. mounted I :!CHI 
Heavy-duly disc plough Mf'XI ."\CHI 
Cotton/ground-nut plan~er, fcrtilizar attachment. Mf.'7. 2.-t-t ft. -t-h rows :!IHI 
Chisel plough MFl29. trailed ."\511 

Local content for implements will be from 50 to 80 per cent. 

Linkages 

The probable location of the project in the Gezira province would give 
closer contact with important agricultural instituteons such a!'I the Gezira 
University at Wad Mcdani. the Sudan Agricultural Research Corporation at 
Wad Medani, the Sudan Gezira Board and its Agricultural Engineering 
Research Unit at Barakat, the Rahad Project, in the Gezird province. and the 
Agriculture Machinery Training Centre (project of the Food and Agriculture 
Organization of the United Nations (FAO), at Wad Medani and other secondary 
technical schools. The Khartoum Centre Foundry (KCF) is to he strengthened 
and will supply castings. Further links arc expected with battery and paint 
manufacturers. Assembly and part manufacture of diesel engines may also he 
undertaken. 

mas~ 



Transfer of technology and development of engineering skills is considered 
vital for the future of heavy industry in the country and the project is the first 
step in this directitJn. As it develops, ancillary industries must come into 
existence to supply some requirements. Suix'Ontracting for mc:tal manufactun:d 
parts and simple machinery will help develop local workshops and small 
foundries. 

Economic effects anticipated at full capacity production -are as follows: 

(a) Foreign exchange saving of $7.4 million per year; 
(b) Internal return of 28 per cent and probably 38 per cent when two-shift 

operation is introduced; 
(c) Employment for more than 500 people, rising pc;tentially to 800 on 

two shifts; 
(d) Incidental benefits for existing industries: workshops. machine shops 

and foundries. 
The yearly production of the complex in its first stage operating on a 

one-shift basis will be three times the Sudan's present annual imports. Good 
workshops and repair and spares centres wiil be needed together with skilled 
engineers and mechanics. This would apply equally to the distributor, at present 
a state corporation. If not enough efficient distributors are available. the 
company would consider establishing its own distribution and servicing 
organization. It is estimated that establishment of the complex will take two 
years from the date of securing all finances. 

Training and research 

Demands for agricultural engineers, skilled mechanics and machine 
operators will automatically increase considerably. and the Government is 
taking measures to alleviate the shortage. The Tozi Training Centre in the Blue 
Nile province (AID project 1973) for tractor drivers and ma~hine operators has 
already expa11ded to take 120 drivers per year. and will be further expanded to 
take 240. The Wad Medani Agricultural Machinery Centre for training 
mechanics will also be expanded. Two new training centres for tractor drivers. 
operators and mechanics will be established and others are planned. 

The Government is negotiating with French authorities to establish a 
modern agricultural engineering centre. Negotiations are in progress with F AO 
to establish a mobile station for machine evaluation. testing and training. A joint 
UNIDO/lndustrial Development Centre for Arab States (IDCAS) mission on 
the establishment of a Regional Pilot Project for Development of Agricultural 
Machinery and Implements to suit the particular conditions of the Arab 
countries was undertaken in 1976 and gave a comprehensive account of the 
situation of agricultural mechamzation in the Sudan. It recommended that a 
regional organization be set up in the Sudan. alongside the future tractor and 
machinery complex to help develop engineering designs. capabilities and 
technical manpower. 



Credit for farmers 

Agricultural corporations and co-operatives buy on credit extended to them 
by local bdnks and the central co-operatives association at low interest rates. 
The Government has approved the establishment of the first ~o-operativc bank 
to advance loans to the co-operatives also at low interl!St. The Agricultural Bank 
of Sudan. the main importer of tractors and machinery. extends loans tt1 farmers 
to purchase equipment. fertilizers. spares. jute bags and other inputs. The new 
plan is for the Bank to assume its conventional role after the joint venture 
company starts production. In the six-year plan the farmer will be able to 
borrow from the Bank on easier terms than before. The farmer gets the tractor 
and equipment on a hire-purchase basis without putting up collateral and at an 
interest rate of 6 per cent a year rather than the 9 per cent which was the going 
rate. 

Sudanese-E1YPti•n co-opention 

The Sudan has always recognized the importance of regional co-operation 
between African countrie!-1. Because of this and the need of both countries for 
one another. the Sudan and Egypt have entered into an economic and technical 
programme to serve their mutual agricultural and industrial interests. The Sudan 
will receive technical and managerial know-how and Egypt will obtain food 
from Sudanese resources. Integration will increase markets for different 
products; develop industrial and agricultural projects; and create new economic 
activity and advanced industries. 

The first step was to make available as much i:iformation as pm:sihle in 
agriculture and industry. The collection of data overlapped with an intensive 
exchange of visits by experts. After this came the formation of joint technical 
and economic committees covering all specialized activities in agriculture and 
industry. The committee~ held meetings in both countries to evaluate existing 
projects and made feasibility studie!-1. First proposals to help the Sudan were 
based on Egyptian experience .-nd technical knowledge giving priority to 
agro-industries, such as sugar. fo<'J, textiles and hides. Joint agricultural 
projects for production of oil-seeds and animal food have been proposed. to he 
based in the Sudan. Several projects arc now under execution. and joint venture 
companies in mining and agricultural activities have hcen formed. 
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The experience of the United Republic of 
Tanzania 

L. D. A1an\'lmw* 

The United Republic of Tanzania encourages small industries in urhan and 
rural areas. In 1973 the ruling party. the Tanzania African National Union 
(TANU). stressed in a directive the need for a technological revolution in rural 
areas to be based on {;Ontrol of enterprises by the people and the applicat!'-m of 
available raw materials and indigenous skills. The Small Industries 
Development Organization (SIDO) was given the ta:ik of formulating and 
implementing the small-scale industries develo!Jment policy. 

PRESENT POLICIES 

In 1972 the National Executive Committee of TANU adopt~d a policy 
paper highlighting the need to revolutionize agricultural i>perations. Top 
priority was accorded to rai:.;ing productivity, crop diversitication. fertilizers and 
improved wols. To increase the total volume of locally manufactured farm tools 
and implements and thus reduce dependence on imports, the Government 
decided to expand the Ubungo Implement Company while at the same time 
opening up a new farm implerrent factory in Mbeya, in the south of the United 
Republic of Tanzania. 

Changes to remove obstacles to speedy progress induded the restructuring 
of national education to emph3size technical education and to increase training 
facilities relevant to small-scale industrialization. In addition non-governmental 
agencies such as missionaries, the Parents Association and the Young Men\ 
Christian Association (YMCA) are being encouraged to establish technical 
training facilities for post-primary leavers. Most of them offer training in basic 
skills such as woodwork, sheet--metal work. iron work, welding. mechanics. 
masonry and electrical engineering. 

Present manufacturing status 

Mass production. Until the Uhungo Farm Implements (UFJ) factory was 
founded in 1969, all hand tools and ox-drawn implements for farms were 

•Research and Development Engineer. Uhungo Farm lmplell'enh Ltd .. Uni1cd Rcpuhlic of 
Tanzania. 
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imported. Mass production of all these has b-:en the factory·s sole responsibility. 
UFI a!sc imports and. when neces."ary. distributes farm tools and ox-drawn 
implements in the count1y. UFI production figures are given in table 1. 

TABLE I. UFJ PRODUCTION FOR THE YEARS 1973-1"177 
( \'umha of 1111itsJ 

Item 1973 / IJl-1 1975 /IJ71> /IJ77 

Hand hoes 232 23.t 327 li56 357 685 34.t 000 -t-!ll 317 
Grass slashers 16 422 4 066 18 634 41 532 .WM2 
Ground-nut shellers 61 65 8-t 3 
Mould-board ploughs :1 OJ4 5 793 3 813 10 047 3 X3h 

Medium-scale production. Medium-scale production is carried out hy the 
Tanzania Agricultural Machinery Testing Unit (TAMTU) and its six rural craft 
work:;hops in various parts of the country. The range includes ox-carts. ploughs 
(single and double furrows), hand-operated maize shellers. pyrethrum dryers 
and animal-drawn planters. T AM11J production figures are given in table 2. 

TABLE 2. TAMTU PRODUCTION FOR THE YEARS 1972-1970 
( Numher of 1111its) 

Equipment 11172 llJ7? 1117-1 llJ75 /IJ-:'fl 

Two-furrow mould-board 34 -to 55 60 XO 
plough 

Ox-drawn carts 250 320 3611 5511 I 1100 

Animal-drawn planters 21 25 31 36 -to 
Inter-run cllltivator 10 25 411 
Ridger IO 20 
Harrow x 8 5 7 10 

Small-scale production. Village and cottage industries produce essentially 
for a village or a number of villages (ward), with emphasis on hand tools. 
equipment and srare parts and with a view to achieving self-reliance as soon as 
possible. The crnrimon tool!) include axes, knives, machetes and hoes. Other 
products include 0>:-drawn ploughshares and watering cans. 

Produd specification 

High-quality materials, whether wood or metal, arc u-;ed to achieve 
maximum strength and minimum weight. However, village and cotta~~ craft 
workers and blacksmiths sometimes have to use local materials and in fact arc 
encouraged to d~: so. 

Efforts are made to standardize spare parts, particularly with thread, holt 
sizes, ploughshares, mould-hoards, cultivators, tine~. plough handles etc. Most 
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plough parts on the single-furrow mou: i-board plough manufactured at l'FI can 
be fit!ed to the twc furrow mould-board plough being mct<l.: ctl T AMTU. Tabie 
3 contains projections of anticipated demand. 

TABLE 3. PROJECTIONS OF ANTICIPATED DEMAND UP TO 1986 

Produce 

Hand hoes 
Pangas 
Axes 
Pickaxes 
Sickles 

Shove.~ 

Slashers 
Hand sprayers 
Mould-board plot.gh!> 

Source: UFI. Dar es Salaam. 

11179 

2.2 
1.35 
1.!ll6 

23.;IO 
95.00 

60 
90 
18 
21 

198:! /1J!U1 

Milliom of !lt1itJ 
2.2 ., ., 
IA7 1.65 
1.115 1.249 

24.00 25.80 
102.00 110.tif) 

Tlzo11sat1cls of 1ct1its 
65 70 
i; .2 95 
25 36 
27 41 

Demand for ox-drawn implements may nse as the. result of a national 
campaign, but it is difficult to estimate now. 

Concept of interlinkage 

Expanding UFJ. opening the new ractory in Mbeya and assisting the village 
cottage industries and -rural craft workshops are measun:s towards reducing 
dependence on outside sources for farm tools and implements. Currently UFI 
plans to decentraiize production and the SIDO UTUNDU 1 programme i~ at the 
take-off µoint. The objectivc::s are to raise rural standards 0f living, 
encompassing the dual objectives of economic growth and improved income 
distribution between both regions and rural and urban areas; to increase tht· 
~.df-reliancc of villages; and to reduce unemployment. 

The plan will also promote the objectives that SIDO outlined for the 
country's third five-year development plan, namely: 

(a) To utilize local resources and skills; 

(b) To raise technology in rural areas by upgrading existing skill:;, and 
introducing oew skills; 

(c) To undertake producticn for import substitution; 

( d) To provid~ ernpk1yment opportunities, especially for rural craft: men; 

(e) To encourage the dec~ntralization of industries and cnsur,. balanced 
development of region~; 

(.() To ped1!CC: disparities in income and welfare; 

1A Swahili word which, frc.:ly translated, means invention in the face of opposition. 
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(x) To ~lrganize ancillary production for la:gc units so as to reduce overall 
costs of production. 

Workshops have been s ;!lected for incorporation in a network of 
decentralized production units. Support activities will include: 

(a) Design improvements of implements and tools; 

(b) Supply of prototypes; 

(c) Supply of equipment parts that can be more efficiently produced on a 
large scale; 

( d) Training craftsmen in new production methods and use of new 
equipment; 

(e) Market assistance. 

It is intended that in the long run these units will supply most of the 
country's requirements. 

Supporting rural development 

Basically some ox-drawn equipment and carts will be produced in the rural 
craft workshops with assistance from SIDO through its UTUNDU scheme. LIFI 
through its decentralized production operation banks (National Bank of 
Commerce and Tanzania Rural Development Bank) for credit, the Uyole 
Agricultural Research Centre, and T AMTU for research and developml.'nt (R 
and D). The UTUNDU workshops will compiement production and provide 
improved technology equipment to village blacksmiths who are producing hand 
tools. A projected R and D input at Uyole Agricultural Research Centre and 
T AMTU would be able to help supply technical drawings and training facilities. 

The National Bank of Commerce and the Tanzanian Rm al Development 
Bank would provide working and fixed capital loans. Most l'f the initial e:apital 
will be provided by SIDO. 

Co-operation among developing countries 

Areas of priority for co-operation among developing countries should 
include: 

(a) Technology sharing, particularly where the use of appropria~e tonls i!' 
vital. A common diagonai interlinkage will ensure that each benefits; 

(h) Marketing. Trade arrangements to protect locally manufactured 
equiprr.ent should be initbted and practised. 

Conclusions 

Industrialization of the rural areas is being hindered by the lad of 
appropriate technical know-how, and of basic infrastructure; roads arc often 
unreliable or absent, water is sometimes scarce or unsuitable, clcctir·ity is 
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expensive to introduce. managerial skill~ arc lacking and supplies arc irregular. 
It is therefore not easy to rn(we !!·H0 mos! vi!fagcs other than wiih t:raft 
workshops and handicrafts. A .. site and service .. approach in which growth 
points are selected and provided with infrastructure for industrialization may be 
the best way to achieve rural industrialization and full employment and prevent 
migration of youth to urban centres. This is an area for the international 
community such as the Commonwealth. United Nations Deveklpment 
Programme and bilateral aid donors to explore. a~ it can be a heavy strain on 
national budgets. 
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Appropriate technology application in 
the agricultural machinery and 
implements industry in Yugoslavia 

B. Grgii:* 

This paper briefly surveys the swift and dynamic industrial development in 
Yugolavia based on agricultural progress and appropriate techno.·>gies in the 
machine-building industry. 

Programme development and the business orientation of the agricultural 
machinery and equipment industry in Yugoslavia is based on the principles of 
socialist self-management of society and on the conditions of economic activity. 

Up to the Second World War, the Yugoslav agricultural machinery and 
equipment industry could be said to have developed at the level of artisan 
workshops and i;_ iustrial units dispersed in large and small towns and in larger 
villages with a high concentration of agricultural activities. 

Administrative guidance was provided by the Government during the 
period of development when agriculture bore the greatest burden in the renewal 
and construction of the country, although the agricultural machinery industry 
did not receive full attention. After a time. however. progress was made in tile 
organization of existing plant capacitit:s and the construction of new ones. Newly 
constructed plants pro<.!uced agricultural machinery on the basis of the existing 
industrial technologies available in Yugoslavia. 

With the commencement of planned development and the organization of 
particular economic branches, the modern agricultural machinery and 
equipment industry was established on the basis of licence and technology 
purchases. Production of farm machinery and equipment was indispensable for 
the organization of modern agricultural production. 

In the early days after the war, agriculture had the lowest rate of growth. 
The result was that, after havi11g been an exporter of agricultural products. 
Yugoslavia became a large importer of food. However, with economic reform 
and acceptance of market economy principles, more attention was given to the 
agricultural sector. It was at first necessary to import modern agricultural 
technology and materials, since the economic branches responsible for providing 
technical equipment and raw materials for agricultural production were not 
immediately in a position to satisfy the new demand. 

•counsellor. Business Association of Agricultural Machinery lndu .. try. lk•gradc. Yugo .. lavia. 
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L'nder the Governmenfs .. Green Plan .. domestic manufacturers had to 
reconstmct existing foc:-tori~ <lT'!d develop modem productive capacities for the 
manufacture of equipment required for large-scale modern agricultural 
production. As a result of the lhanges. artisan production units and tractor 
service stations are being used both to repair imported machinery and to train 
operators in mechanization. Five-year plans have been introduced to promote 
the development of the agricultural machinery industry. with the nucleus of 
iarge-scale industrial production located in the vicinity of bigger towns. and 
medium and small industries disperstd throughout the country. 

Clear and consistent national rural development policies have had a 
decisive influence on the speed and size of the mechanization development 
process. Progress is made in general without changes in attitudes towards 
agriculture. villages or individual producers. who own approximately 80 per cent 
of all cultivated land. Their work is done alone 'lr in co-operation with producer 
organizations in the socialized sector. 

Existing attitudes concerning farm policy and the possible effects of internal 
demand should be understood. Domestic machine buildin~ using installed 
capacities \'will not and cannot be stopped. nor could all imports be suhstituted 
from domestic production. Accordingly. the Y•tgoslav agricultural machinery 
and equipment industry should be oriented to the international division of 
labour, efforts must he made to capture markets abroad. and foreign 
competition should have optimal access to the national market. 

In view of the problems faced by big cities in the provision of housing and 
other facilities, the future development of manufacturing capacitit:s for certain 
products will be predominantly achieved in the country. 

The pace of mechanization has been reflected in the increase in the area 
under cultivation and the total yields of grain. 

Much attention is devoted to the production of spare parts for maintenance 
ar.d repair. Reconditioning of engines and tractors has been introduced. and the 
dynamic development of Yugoslav agriculture has heen reflected in domestic 
industries. During the past IO years the number of manufacturers of implements 
and equipment has trchled, and in some Repuhlics. e.g. Slovenia. has even 
increased fivefold. 

Since 1968 tractor production has approximately quadrupled from 10,929 
to 43,360. The introduction of new technology has led to a marked increase in 
the past two years. The same applies to walking tractors introduced in 1970. 
Production by the three manufacturers has risen from 393 to 23,000. 

Within the framework of heavy machinery manufacture, seven tractor 
manufaturcrs produce for domestic requirements and export 27 different 
moccls of wheel tractor and caterpillar in the range of 18-220 hp ( 14-165 kW). 
Five others produce 16 models of cultivators, rotavators, gra~s-mowers and 
single axle tractors in the range of 2.8-15 hp (2-11 kW). In addition they 
produce harvesting combines for wheat, with implements for maize. rice and 
other cereals. The cereal capacity for five models ranges from 4 to 9 kg/s, and 
engine capacity from 65 to 165 hp (49-124 kw). 

More than 50 m2nufacturers of implements and machinery have directed 
their efforts to meeting requests for modern agro-techniques by large social 
estates and small individual farms, and arc also ahlc to supply the world market. 
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They make more than 60 different types of machines and machinery for 
mechanization of plant rrod•J<."fion. 

Basic groups of machines produced include the following: 
(a) Attachments for soil treatment; mounted. semi-mounted and draw-bar 

mould and board disc ploughs and rotavators (five producers); 
~h.' Mounted and draw-bar machines for fertilizer spreading. capacity 3-X t 

\Seven producers); 
(c) Seeders, mounted and draw-bar. for wheat. maize. sugar-beet and corn 

cereals, working width up to 12 rows. and planters. working width two. four and 
six rows (four producers); 

( d) Inter-row cultivators. working width 2-12 rows. with arrangements for 
fertilizing and crop protection (four producers); 

(e) Stationary, mobile and self-moving equipment for water spraying (four 
producers); 

(f) Plant protection machines: mobile. mounted and draw-bar sprayers. 
atomizers and dusters with engine or tractor drive (three producers); 

(g) Aircraft carrying 1-2 t of freight (one producer); 
(h) Equipment for cattle-food preparation using all types of light and 

medium tractors: side and rear mower and hay machines; self-loading trailer. 
vo,ume up to 30 m3 ; silo-combines and draw-bar (five producers); 

(i) One-row and two-row draw-bar maize pickers with and without cutter 
for chopping staples (two producers); 

(j) Multi-row disc-lifter, as complete six-row draw-bar line of machines for 
sugar-beet harvest, defoliator, lifter. loader and mobile combine for sugar-beet 
(three producers); 

(k) Choppers of agricultural waste, working width 2-4 m (two produce:-~); 
(/) Single- and double-axle standard and tipping trailers. side and rear 

1Jnloading, capacities 3-15 t ( 11 producers); 

(m) Dryers with direct and indirect air heating {three producers). 

(11) Dehydrators and dryers for clovers and grass (two produceis); 
fo) Separators, dehydrators and other equipment for waste water (one 

prod LICer); 

(p) Cleaning and selecting equipment (three producers); 

(q) Animal draw-bar ploughs, spike-tooth harrow, seeders. multi-row 
cultivators, rakes, trailers etc. (seven producers); 

(r) Complete plants for silo and manipulation equipment in ~torehouscs 
(four producers); 

(s) Installation and equipment in stables for growing cattle. pigs. sheep and 
fowl (four producers); 

(I) Milking equipm.!nt. refrigerators (two producers); 
(u) Factories and ~mailer plants for cattle fodder (three producers). 
It is estimated that the value of tractor, implements, machines and 

equipment produced for the mechani7.ation of work processes in agricul:u:-al 
production in the yeai 1977 was app~·oximatcly $468 million, which makes the 
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industry second to the automobile industry in t~rm~ of installed productive 
capacit\·. with a level of development comparahle to ttmt of the industriaHy 
developed countries. ll1e implemcntatior. of further development plans should 
make it possible to achieve by 1980 the level of countries with the most intensive 
agriculture in the world. as reflected in the table. 

TRA<IUR PRODUCTION ESTIMATES. l9X0-19X5 

-15 hp 4~YfJ hp Y/-/f>ll hp ,,., -:!5tl lrp :511 hp 
r.-ur 04 l..H) (.l_'L~,7 /t.ll1 tM-L!O It.Ill tl.!1-/XX kU-1 I /X.'I It. IJ I , ,.,,,, 
1980 481100 13 5<Ml I 5tMI Ji Ml fl) 31KI 

1983 54000 12 (MMI 3 5lMI 4 1HI 10 70IKKI 

1985 60 31KI 10 IMMI 41MKI hlMI ICKI 
15 '""' 

The Government of Yugo~lavia. through its Chamber of Economy. 
encourages and emphasizes co-operation among developing countries in the 
area of agricultural development. machine building. chemicals etc. within tht' 
programme .. Strnggle for Food... Easier co-operation among developing 
countries raises the question of standardization of machine production. 

The following recommendaticn:. are designed to assist the mechanizatior. 
process: 

(a) Establishment of centres for applied agricultural mechanization 
technology; 

(b) Internationa~ co-operation. possibly with UNIDO. to set up a centre 
for standardization of machines and equipment; 

(c) Establishment of centres for instructors to train end-u!\ers in modern 
technical methods; 

(d) Expert exchanges through UNIDO for ~he organization of industrial 
production and the deve~0pment of machinery; 

(e) Preparation of feasibility studies; 
(/) Exchange of industrial information through UNIDO; 
(g) Inclusion in rural youth education of courses hased on modern 

agricultural production; 

(h) Spezialized courses for technical personnel on the development of 
designs and agricultural techniques ad.:pted to regional requirements. 
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Annex I 

SELECTED DOCUMENTATION PUBLISHED OR COMPILED BY 
UNIDO RELATING TO 111E SUBJECT 

Information sources on agricultural implemehts a11d machinery industry. UNlDO guides 
to information sources. December 1973. 108 p. (UNIDO/LIB/SER.D/X) 

Agricultural machinery and implements industry. Preliminary study. 3 May I '178. 167 p. 
tables. graphs. diagrams. (UNIDO/ICIS.69) 

Animal-drawn agricultural implement~. hand-operated machines and simr le power 
equipment in the least developed and other developing countries. R o!port of a 
Manufacturing Development Clinic. New Delhi. India. 21-30 October 1974. 45 p. 
illus. (ID/148) 

Discus.~ion document for the Global Preparatory Meeting for Consultations on the 
Agricultural Machinery l11Justry. Vienna. Austria. 1979. :979. 13 p. 
(ID/WG.297/l) 

Preliminary world-wide study on the agricultural machinery and implements industry. 
1978. 167 p. tables (UNIDO/ICIS.69) 

Report of the Acl hoc Expert Group Meeting on Pilot Activities (Agricultural Machinery 
and Implements) of lndu!'trial and Technological Information Bank (INTIB). 1977. 
12 p. (UNIDO/ICIS.53) 

Report of the Expert Group Meeting on Agricultural Machinery Industry in Developing 
Countries 1969. 318 p. (ID/47) 

Also published in French and Spanish. 
Report of the First Preparatory Expert Panel Meeting for Consultations on the 

Agricultural Machinery Industry. Vienna. Austria. 1977. 7 p. (UNIDO/EX.28) 
Report of the Second Preparatory Expert Panel Meeting for Consultations on the 

Agricultural Machinery Industry. Vienna. Austria. 1978. 1978. 11 p. 
(UNIDO/EX.43) 

·1 he role of UNIDO in promoting the agricultural machinery and implements industry. 
88 p. (ID/96) 

Also published in French and Spanish. 
fechnologies from developing countries. Development and transfer' of technology series 

no. 7. 1978. 35 p. (ID/208) 
Agricultural equipment and machinery. Seed drills. Tillers. p. 28. 
Equipment for irrigation. Well-drilling rig and jct-flow pump. p. 29. 
Threshers. pp. 30-34. 
Improved fruit plucker. p. 35. 

Technologies from developing countries. International Forum on Appropriate Industrial 
Technology. New Delhi and Anand. India. 1978. 1978. 251 p. (ID/WG.282/65) 

Mochudi tool:lar, pp. 123-125. diagram. 
Mini-thresher, p. 126. 
Solar energy powered crop spray~r. p. 133. 
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Annex II 

WORKING GROUP PARTICIPANTS AND OBSERVERS 

Partidpaats 

M.A. Bt>dri. General Manager and Co-ordination Director. Truck and Tractor Projects. 
Ministry of Industry. Khartoum. Sudan. (Chairman of the Working Group) 

R. M. Carvajal. Chief. Department of Automotive Industry. Secrctaria de Patrimnnio y 
Fomcnto Industrial. Mexico D. F .. Mexico (Vice Chairman of the Working Group) 

C. L. Follosco. President. Alpha Machinery and Engineering Corporation. Makati. 
Philippines. 

A. Gego, Director of Agricultural Engineering. Klockner Humholdt Deutz AG. 
Cologne. Federal RcpubEc of Germany. 

B. M. Grgic. Counsellor. Business Association of Agricultural Machinery Industry. 
B,.lgradc. Yugoslavia. 

B. R. Karlson, Agricultural Engineering Adviser. Kristianstad. Sweden. 
A. U. Khan. Agricultural Engineer. International Rice R~earch Institute. lslamahad. 

Pakistan. (Rapporteur of the Working Group) 
L. Manyama. Products Research and Development Engineer. Uhungo Farm Implements 

Ltd., Dar cs Salaam. United Repuhlic of Tanzania. 
A. M. Michael. Project Director. Water Technology Centre. Indian Agricultural 

Research Institute. New Delhi. India. 
J. Muller. Senior Research Fellow, Danish Agency of International Development 

Co-operation, Copenhagen. Denmark. 
T. P. Ojha, Head, Indian Institute of Technology. Kharagpur. India. 
C. Uzureau. Director. Agricultural Engineering Research Centre. Antony. France. 
A. A. Rassadin, Chief of Department. All Union Research Institute for Agricultural 

Mc1.!:anization, Moscow, Union of Soviet Socialist Rcpuhlics. 

Observer 

A. K. Bhushan. Director, Rural Development. Allahahad Polytechnic. Allahahad. India . 
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