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I_INTRODUCTION

——

The main and most obvious problens of servicine and miintaining
agricultural nactiinery at the precent time in the cnuntries of ufrica,
Asia and Latin .:srica are the firect result of fimir tocial end
economic infrastvicture, heca basically anteradal rob . era tre further
aggravated by the paocrapngod Porrtion of thesm Cunntries in ralatinn
to those where the hulk of arricvitural noehinery s - itac tared,

Arriculiure, aven in those countries wosre 1t owns ogoin.llv

developed by Suironesng, is extracel  {'pyoenial}

majority of the o wiation ig en doedodn osorien tare Lty rany neusant

proprietors profucing a wide N O A N L R D T crars, By

its very nature thia tyom o rofuction fas comipeiier ye

mechanisation fociaily and tecimicill o 1y o

here lur e scyle CRAEN=CLGL AN LG S ractiiay 4t g refatively
easy to set up ullv-intecprate MeChciLe et ion o wpratione with their
own full-time tea:; Hf tyryined CLSrEare wd were shon reoyr uervices,

There is also tinincinl Justification oy Seftlng i o4 cormorebhengive
3nAre parts service, In developin  couriries this tepe of

organisation is wlmost impossible - at least not without a considerable
neasure of povern.ent involvenment,

In nost the cantpres of arricuitural vroduction are mide]ly
ccattered with a very low concenteating of machines in any vivea rea,
This mears that servicing - w'ers commar | ' . spcerrs sre Srvolyed
(and this neans tle wajority at the mooant) o o carriamd ot ‘rom nne
or tvo main centres in each Country., The dirtinces invalved in
service calls irevitably rewn hick coste - often oo fil:h that the

farrers cannot atford them. “echinery frequently stan!s idle for want

of renair,




Because of the distance of most of the countries from the world
centres of production, the machinery and its attendant spare parts is
relatively expensive. The delay in obtsining paris - 2 to 3 months
for the sea journey from Europe is typical - means that slow moving
spares have to be stock-piled and this adds further to the cost of
maintaining equipment.

The real roots of the problem however, which must be changed in
the long run if any improvement is to be made, lie in the developing
oountries themselves.

Most important is the generally low standard of operation and
day to day maintenance of machinery. Apart from the extra hazardse of
olimate and soil type, the machinery is treated unsympathetically by
operators who too often lack even the basic knowledge of how a
machine should be used.

The generally low standard of education means that any training
programme has 1o start right from very basic principles. Training is
therefore a slow and expensive process.

The problem is made worse by thie low social standing with which
anyone engaged in agriculture 1s regarded (this, of course, 18 an
attitude common all over the worid). Consequently, there is a
tendency, once a man has received any sort of technical training, for
him to seek employment 1in some tield unconnected with agriculture
whioh is better paid and which has a higher social status.

Because of the low standard of both general and technical
education there is inevitably an extreme shortage of good service
mechanics. This is a world-wide problem in the agricultural field.

Many of the problems of efficient mechanisation stem from a lack
of appreciation by Euro=American manufacturers of the problems of the
farmer in developing countries, This is a wider and much more
fundamental problem outside the scope of this report, but 1t does

mean that much quite unsuitable machinery is exported to developing

countries.




This particular obstacle can only be overcome, according to the
majority of experts involved in extension work in developing countries,
by setting up machinery testing and product education centres in the
territories wnere the machinery is to be used (this subject is more
fully developed later in this report ),

Another problem emphasised by the manufacturers, overseas
development officera and service enginears interviewed during the
preparation of this report, is the irresponsivility of the way in
which some manufacturers sall machinery in developing countries,

Too often a batch of machines - which may ba completely
unsuitable for the territory - are sold to a government oftficial or
to a new "dealer" with absolutely no product education. Aim of the
salesman is to sell as any machines as possible in a short time. He
is not bothered whether the denler knows anything about the machinery
or whether the spares are available to back up his sales,

Machines are often sold over a wide ares wall oput of reach of

&Ny repair or gpares service and consequently it iy not long before
the machinery is lying rusting for the want of 8 few pounds spent on
repairs,

The more responsible manufacturers (some examples are given later)
take the trouble to ensure that an area is coverad by a service depot
before extending their sales into a territory. This would appear
however, to be a factor which governnents could control themselves to
a8 puch greater extent than at present,

Indeed, it seems inevitable that there will have to be a great
deal more government intervention in and direction of agricultural
mechanisation schemes if this fundamental obstacle to agricultural
development is to be overcome,

"For the commercial companies operating in developing countries

it is a problem of what to do first,” an FAQ farm machinery expert

working in East Africa told me.




"Do they establish parts and service depots before the
machinery density is gufficient to make it economio or do they
merely provide a standard of service which is economically
justifiable?"

"I do not believe we can expeot the farm machinery trade to
provide a very high standard of gservice in remote areas of developing
oountries in the initial stages. It is therefore essential that we
ooncentrate on ra.sing the calibre »f the farm machinery operators 80
that they can do more of their own maintenance and repair work.

Right now we find the standard of maintenance is appalling."

It is of course dangerous to seneralise when discussing this
subject. ‘hen examining the problems of machinery operation in
njeveloping countries’ we are talking about countries in four
ocontinents which make up the bulk of the land mass of the world's
surface, They are spread through almost every climatic zone and
communications involve the use of practically every language spoken
in the world.

The geographical types of tnhe countries we are concerned with
vary from hot and wet, low-lying equatorial forest regions to the
seasonally arid areas on either side of the subtropical desert belts,
They vary fron densely populated areas to sparsely inhabited desert
margins.

Agricultural natterns too, vary from Kuropeaa style mixed
husbandry to extensive nomadic grazing - often in the same country.

To avoid the pitfalls of generalisation this report is set out
to focus on apecific a.tuations in particular areas to show the main

problems involved 1in apricultural mechanisation and the way in which

they are being tackled,
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Some attempt ie then made to draw conclusiona from this experience
and to concentrate the knowledge of experts in their particular fields
onto these conclusions in order to give some indications of what can be
done to solve the hasic inadequaciss of present approaches to
agricultural mechanisation in these countries,

The following sectior of the report is aimed to give some idea of
the difficulties involved in machinery operation in two situations
typical of many developing countries: moderately axtenaive agriculture
in Africa with the use of relatively sophisticated equipment and wmuch
more intensive peasant farming in Asia where only the simplest
machinery is being used.

This is then followed up by a report of an attempt at a

comprehensive mechanisation echeme in a developing country,




1] THE OPERATOR'G PROBLEM

Case study 1 - the problems of machine operation and service

in Uganda:-

The nain problems of operating, eervicing and naintaining
sachinery already outlined in the introduction of this report
are 8hown in MmLcrocosm by 1 atady of 2ipnteen
tractor owners carried out for the Special Development Section of
the Uganda Ministry of Agrioulture in 1966/67 .

Phe na jority of these farmers, situated in the West Acholi
region of Ugands, conplained of exireme difficulties in getting spares
for their machines and in zetting them serviced. A delay of two orx
three months, they said, wae not uncommon before the work could be
osrried out.

Three factors were mainly responsible for this state of affairas:-
tte supply of sgricultural machinery and its servicing was only a
gideline of the three firms who handled machinery in the area; only
one of these firms employed pechanios who were anything like skilled
and laetiy -~ and the possible reaeon for the first two factors - the
farmers concerned did not pay for the service within anything like a
reasonable tinme.

The three dealers are situated in the local town of Gulu. Of the
three only one employs mechanics and, the report stated, these wvere
far from proficient. It was fairly obvious that in the case of all
three dealers - all agents for well known makes of machinery - farm
paohinery was regarded as 8 gsideline to their msin automobile business,

The dealers only kept fast moving spares such as fan belts,oil
tilters and electrical parts in stock and the problem of keeping
pechinery moving was further exacerbated by the fact that major parts

had to be obtained from Kampala 200 milee away. Prices for spares 50

te 60 per cent above those in Kampala were commonly charged.




The farsers in this group vere operating tractors in the 25 to

45 horse ;over &Teup and oultivating on iverage a total of about 250
4€res & year. Because of often ungikilled operatinn and the conditions
of the area, the total cost of epare parts and eervice amounted to
€200 per annum. Total maintenance costs per acre worked out to 168 -
more than 38 per cent of the total running cost,

Running coets vere generally high with often excessive fuel
ocharges adding to the already heavy coasat of apares and service, An
important causs of both these high costs, apart from the actual cost
of service and spares, was a generally lov standard of tractor
operation.

Excessive fuel costs, acoording to the report, wers cue to
inefficient engine mintenance , mis-sctting and maladjustment of
implements -~ which were often used in the wrong conditions - fuel
losees and engine damage caused by bad fuel storage and inefficient
refuelling methods and waste of man and tractor time by bad planning
of tractor operation,

Nevertheless, hovever much the machinery was mishandled the
farmers were paying mich more for their spares and service than their
squivalent in developed oountries.

To demonstrate the difficulties of the farmer 1t is worth
quoting this asection of the report in full;

"The farmer has two courses open to him ﬁhon he needs aparo_a] -
either he deals direct with the main dealers in Kampals or through the
tiree dealers in Gula,

"If the farmer deals directly with Ksnpala, he does so either by
post, in which came the spare will probably be put on a public
transport bus to Gulu (it will then take between one and two weeks to
reach the farmer provided it is already in stock in Kampala), or the

farmer can journey dowm to Kampala to pick up the spare himself,




»The latter course is only used 11 the spare is very urgently

needed. If he purchases a spare from Kampsla direct he ocan expect &
discount of betwveen 10 and 20 per cent - added te this of course is
the cost of transporting the part up to Gulu.

“Thus & spare with a retail price of 1008 will, with disoount)
cost approximately 858 and smount tc a total of 958 with the added
transport ohargs by the time it reaches the farmer.

"If the farmer deals vwith his local dea).er in Gulu and the dealer
hes no spares in stock he will telephons the main dealer in Kampala
and ordsr the spare oOn behalf of the farmer. The part is then vsually
picked up by one of the dealerts own lorriss and transported to Gulu.

"The local dealesr will obtain the spare in Kampala with usually
30 per cent dealers discount - this is added on to the spare to cover
transport costs - and then the dealer inCulu will &dd s further
margin of 20 per cent."”

The spare vith a normsl retail price of 100s is therefore
purchased in Kampala for 70s and sold to the farmer for 120s - 508
above the dealer's price in Kampala and 258 more than the farmsr could
have obtained it for himself in Kappals.

The report makes it clear that one of the main reasons for the
high prices charged for spares is that the dealers tend to be covering
themselves against the endless credit that they are ‘orced to grant to
their customsrs. It is=s emphas ised that it is not becaise they do not
have the money that the farmers do not pay their bills; most of those
questioned hed adequate funis available to pay their servioe bills,

"The majority sare extremely loath to part wvith this cash and
almost every tractor owner visited had large outstanding bills for
repairs and perts for his mschines,"” the report states,

“It i3 often only when legal action is threatensd or a
representative of the firm supplying the servioe wvisits the farmer and

lays down the law that the faxrmer will pay.”




Apart from the general misuse of tractors which merely

complicates the service and spares® supply problem, the main root of
the problem seems to be general lack of confidence be iween the farmers
and the machinery dealers. The farmers are convinced that they are
being over-charged for the seirvice and the dealars are offhand about
servicing machinery and charge high rates to cover their bad debts.

Two solutions to the problem are suggested in the report: either
the commercial concerns st present responsible for maintaining
machinery in the area are helpsd and persuaded to provide a mores
effective and efficient servioe or mechanice and workshop facilities
8hould be provided by a government agency.

The main objection to = government operated service is that the
farzers would then be at the mercy of changes in government policy,

It is suggested however, that this would work if the farmers wers
8iven a written, medium-term agreement to say that the service would
be provided for four or five years st least,

The agreement would have to be stringent in its terms, the report
emphasises. Times and rates for workshop facilities, procedure for
overhauling machines and so forth would have to be stipulated bui at
the same time lesving sore room within the agreement foxr the farmers
and the government administrator oonocerned to socommodate reasonable
variations,

Probably the most workable proposition was that the farmers should
8ot together with the dealers and Propose that one agent shoulG bLe set
Up as a specialised agricultural machinery agent. He should act for
several of the main machinery manufaotursrs instead of only one, since
there is insufficient business to justify a full dealership for any
fone company. It was alsc suggested that the sgent would »e better able
to carry the £400 to £800 worth of spares nesded in stook at any one
time by more favourable dealing terms with his main sgent in Kampala,

To gain the confidence of the farmsrs he pust charge a realistie

but not excessive price for his services and mterials,




On the farmers side it was suggested & cooperative should be

formed so that if one farner defsults on payment the azent would be
able to get his payment from the society. To justify the improved
type of service that this new ctyle local agent would be providing,
the group of farmers must guaraitee to buy all their spares from him,

The most difficult suggestion to implement in the report was that
this agent should emplioy trainsd mechanics - and in gufficient nusber
to allow a regular service visit to sractor owners. As is made clear
in other parts of this report, this is the crucial problerm,

A further suggestion made in the report was that the central
dealers in Kampala should use a travelling mechanic wvho has a fully
equipped service van end a supply of the main spares. Juarterly
vieits, with the {irmers contributing towards hotel expenses and
mileage - possibly by a percentage on the cost of the service - would
then keep machinery .n a much petter state of regular repair.

An important factor from the dealer's point of view - and probably
the main reason why it would not -ork)ia that the mechanic would have
to sssure himself that he was going to be paid for any work carried out.

An edditional drawback would be the paper work involved and the
difficulty of convincing farmers that further faults found during an
overhaul need doing and getting him to accept the increased bill.

Another possible answer to the problenm suggested was s combination
of several of the main features of those alreedy suggested - a joint
workshop est up by the dealers and the responsible government
department. Main advantage would be that thers would be a bigger pool
of skilled labour between the private concerns and the government

d:partncnt)which is already opsrating a tractor hire sarvice.




Casc study 2

Operator training and maintenance in Asia - small farm

mechanisation in Taiwan, Republic of China:

The previous case study of tractor operators in KEast Africa
demonstrated problems typical of an area where machines asre widespread
over a large area and the farm units relatively larpe, Very different
problens are found in areas where the population is relatively dense

and land is scarce,

This situation is typical of many parts of isia and a study of
: machine operation by smallholders in Taiwan, Kepublic of China, by
i tha Chinese American Joint Comm_.ssion on HKural Reconatruction
enph. sised many of its special problems,

In this area the land is d 1vided into many small plots with a
farm family dependent on an average area of only 1.2 hectares for

their livelihood, The oftficient working of this area is further

complicated by the noldings being diviied up into from 6 to 12 plots,

Large scale mechanisation is not “ra-.ised for these basic
reasons if nct for the more obvious reasons of lack of capital and
inclination.

It is not surprising therefore, that the most widely used machine

is the two wheeled walking tractor; some 6,000 to 7,00¢ of thess
michines are in use in the area. And, despite efforts to start
cooperatives or contract services, 85 per cent of them are privately
owned .

Introduced from America and Japan some fifteen Years ago, these
tractors - in the 2% to 10 hp class - are widely used for paddy
cultivation,

The results of the introduction of this machinery has heen an
increase in the output of cash erops and a Aeneral all-round
imprevement in productivity. This ocame mainly from the reduction in
the number of draught animals which not only needed land for fodder

groving but also took up a lot of the farm family's working time,




This improvement was not actireved without a considerable
amount of operator training and adVv1SOory WOrK,

At first, farmers purchasing machines were given individual
instruction on their own farms by machinery experts but as the
numbers grew this became increasingly Jifficult. As the operating
competence of the first farmers to use the machines grev they vere
encouraged to act as instructors to trein new machine owners,
Unfortunately'due to the reluctance of these 'operator instructors!?
to work on their own initiative, the scaere was not particularly
successful.

The third and most successful approach was to set up tmechani sed
farming training units' with 15 to 30 members in each village and
toanship. The leader and deputy leader are elected by the group and
are given refresher training courses by experts. The groups mneet
once s month vith a comprehensive programme of lectures, discussions
and demonstrations.

This type of organisation has been relatively successful,
according to the report, and suits this type and stage of basic
pechanisation.

As in most areas where this type of training and information
dissemination is attempted, a serious obstacle was the shortage of
people to do the fnitial treining. This was overcome to a certain
cxtonf by giving concentrated and specialised training to groups of
young workers on the governnent experimental stations. They then
acted as the peripatetic group instructors.

A problen which has been constantly impressed on the writer by
people concerned with mechanisation in developing countries formed
one of the more significant comments in this report: the lack of
mechanical knowledge of agricultural administrators and advisory
workers. Although usually soundly grounded in agricultural science

and practice, few of then vere able to offer any effective assistance

with mechanisation problenms.




In Teivan this was to & certain extent rectified by glving the

majority of ertension workers concentrated courses in basic farm
machinery,

The report emphasises the importance of laying the gound
technical and educational groundwork before embarking upon a
mechanisation policy, Clomely allied to thie was the provision of
financial sid to farmers, local repair services and a good fuel
supply system.

The service and repasir network needed to keep the power tillers
working was provided by combined action by government and private
enterprimse, Blacksmiths and motorcycle repair shops in the centres
and market places of town and villages were adopted as 'power tiller
repair shops',

These selected workshops were persiaded to send one or two of
their mechanics to short-term government organised machine
maintenance courses, This proved to be the most economical vay of

establishing a workable repair service and produced good results,




Case ntudy - One country's answer to the spares and service

problem - machine stations in Ghana

GChana can bs described as having most of the sgricultural
problems typical of developing countries. MNore than 60 per oent of
the country's 7 million population is engaged in agriculture. A vide
range of subsistence and cash crops are grown with 95 per cent of the
home food consumption being grown by individual farmers.

As in many similar countries, the agricultural mechanisation
problem has been complicated by the wide vange of machinery imported
into the country from dif ferent manufacturers in different parts of
western and eastern Europe.

In the last five to ten years some 3,000 prime movers and ‘heir
attendant ancilliary equipment have been imported. Both wheel and
tracklaying machines, worth some £7 to £8 million, from such makers
&8 Massey Ferguson, Ford, Zetor, Caterpillar, International Harvester,

Porsche, David Brown, Deutz, Eberhardt and Bratsvo are in
use, Understandably, spares and service for such a polyglot collaction
of equipnent is e big problenm,

The low standard of general education and the general lack of the
"meohanically minded™ attitude ocommonplace in Europe make the
suocceassful operation and maintenance of such equipment a muoh greater
problem than they would be in more developed countries.

Fortunately - from a maintenance and personnel training point of
view - close on 60 per cent of the tractors at work in Ghana are
operated by government machine stations not unlike those used in parts
of Russia and Eastern Europe.

These machines are operated from local depots backed up by
regional workshops and are used by the Ministry of Agrioulture, State
farms, Volta River Authority Farms, Workers Brigade farms and hired out

to individual private farmers. Although this system does create

oonsiderable problems as far as management of individual agricultura.




units is concerned, it does have the advantage in the development
stage, of creating an organisation more suitable for training
potentisl operators ang mechanics and of snsuring that the bulk of
the country's farm machinery :s kept in running order.

The governnent farm mechanisation project is directed froma

head office in Accra whare the ce 1tral spare parta depot is also

situated, There are 35 mechanisation districts covering the main
agricultural production areas of the country and large central
workshops covering the northern, central, southern and eastern parts
of the country,

The nmechanisat ion projects as well as the workshops are under
the direct supervimsion of the regional offices which in turn are
contrclled from iccra.

The local machine itations, which normally run a team of between
20 and 70 tractors and attendant landclearing, cultivation and planting
equipment, are supervigsed by a government officer, These local depots
have simple sheds for the machinery with ad jacent vorkahops, offices
and fuel storage.

The tractors and equipment are distributed for work according to
the needs of local farmers and charges are made either on an hourly or
area worked basis, To facilitate the book keeping and &ccounting side
of the operation the tractor drivers keep log books for the running
details of the tractor. These are alao obviously used in running the
maohine maintenance and service side of the operation,

Total charges for work done on any partioular farm are worked out
at the end of the month and payment is made by the farmer when the
work is completed or, alternatively, he pays after harvest vhen the
money is availcble,

Simple repair work is carried out at these local machine
stations. A staff of 2 to 5 mechanics are employed full time to do

the simple repairs and maintenance needed to keep the machines running,




The equipment needed to carry out this type of work ~ greuasers,
vulcanizers and simple forges - are operated in these workshops.
Seasonal maintenance and such jobs as engine overhaul which demand
more specialised equipment, is done at the central workshops. A
comprehensive range of equipment 1is installed and they also provide a
modile van service for the more complicated running repairs.

Detsiled records are kept of repairs and service and these are
" entered on the records of individual machines. This infermation is
collected from monthly summaries of mechanic's Jjob cards.

Improving the standard of machine operation and maintenance is
tackled by tisining in two ways: praotical training courses for
farmers and operators and more detailed factory and college training
of mechanics.

Farzers and other young men from the villages who are likely to
be operating tractors and other machinery are given operation and
simple msintenance training with practical tests and examinations
followed up by refrester courses. The mechanics get their basio
training in the ms chine station workshops.

The daily co-operation of teachers and instructors in solving
constant practical problems is considered to be the most valuable
sethod of training personnel, .

More intense theoretical and practical training is however, not
neglected. Particularly promising mechanics are sent on special
training courses overseas for six months or so and also on two to four
gonth courses at local training establishments.

The managsment staff are trained in the normal way through
university, college and overseas training courses,

Needless to say training peopls tfor all types of jobs is not easy
given the basic problexs of education the shortage of teachers and
generai basic educational problems typical of developing countries.

The problem has been sucoinotly stated by a Ghana University

sgricultural engineering lecturer:




"Agrioultural and technical education is not only a question of
short period courses, one to two year training schools or of overseas
training, but it is @lso a long-tern process in whioh background
infermation and knowlasdge is buj * up,"

"Daily work with agricultural and technical staff, as well as
with farmers, is the most efficient training method,"

A lack of sympathy from manufacturers and others in Kuiro-American
oountries with the basic problems of developing countries is also felt,
"Problems that arise from tuo many different conditiong of farm
mechanisation between the countries from which the machinery ia
exported and the country that is importing should be considered",

believes this sanme expert,

"In the developing countries the tractor drivers have not baen
brought up with mechanical toys, bicycles, motor cycles or cars and
consequently do not have the right mechanical background.

"Their first contact with machines is probably when they come
onto a training course. This spacial situation, combined with
difficult soil, vegetation and climate conditions should be conasidered
by the designers of the farm machinery and by the teachers angd
instructers vho are to train farners, drivers, fitters ang Supervisors.,"

Although the type of mechanisation detailed above may wall be
suitable for the early stages of development and is undoubtedly as near
ideal as possible in building up a sound structure of trained personnel
within a country, it is not regarded as the best long-tern approach to
farn nechanisation,

"The running and management of farp mechanisa tion projects under
huge organisations or under ministries is usually unprofitable," says
the expert already quoted.

"It is very difficult and nearly impossible to oontrol the

efficienoy of each tractor, workshop or regional agrioultural offioe

from the distance of tens and hundreds of miles,




"Moreover, the most important factors in farming are cost of
production and the return per acre. These factors are conirolled by
the farmers themselves in the eesiest and most economical way.
Therefore the farmers - either individually or cooperatively - should
be encouraged to carry on the mechanisation themselves.

n"Farmers should be encouraged through financial aid and extension
service to hire or buy their own tractors and implements. Only very
expensive tractors and machinery, such as crawlere for land clearing
should be operated by government departments or other oentral
orgunisations,

"The traotors and equipment should be tested under the specific
agricultural conditions of the oountry they are being imported into.
It is also very deeirable to reduce the types of imported tractors
and machines because this complicates and makes more costly the
training of manpower, the maintenance and the supply of spare parts.”

Ghana has already found to its cost that this is an expensive
way of doing the job. Their attitude is now changing towarde a
combination of the servicee of the commercial firms with the operation of
farmer's ocooperatives and the government machine stations.

Fast moving spare parts, as well ae fuels and lubricante, it is
recommended, should be stored at the maohine statione, cooperatives
and larger furms with simple repaire carried out in the field.

Most important, it is believed, commercial concerns must be

encouraged to set up depots for repairs and ssrvioe as well as the

sale of fuels, lubricants and spare parts to farmers,
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The experience of an Fast African sarvige manager

The practical problems of servicing machinery under conditions
typical of those of many developing countries were forcef-1ly spelt
out to the writer by the manager of a large agricultural machinery
business in Nairobi.

His job 1s complicated ang at times made almost lmpossible by
bad communications - both ~ith his suurces of supply and his
custoners - oy the weather, by the leck of trained mechanics and by
the low standard of machinery operation and mechanical know-how nf
the farmers themselves, A further lmpertant problem 18 the difficulty
of obtaining payment for the services provided by his company.

He handles mainly British zanufactured equipment and his source of
supply of parts is therefore J to 4 months away by 8sa., This neans
that he has to carry a much larger stock of barts than hise “uropeun
equivalent; since he ia forcel to carry a lot 5f slow-moving spares he
must carry a much larger 'dead! stock than he wou.d i* he was close to
the factory where Spares are produced. He thareforas has to charge
more for parts to cover the interest on this idle money,.

Service calle can be from 150 to up to 890 mi.es over inadequate
roads which, in the rainy se<son, can cften he impassable. Typical
oalla which he quotes are:- Kitale, 250 miles to the north west of
Nairobi; Mombasa, 00 miles south sast; Mount Kenya, 150 miles to the
north; and Journies anything from 200 to 800 miles down into Tanzania.

Having made these sorts of journeys, he says, it is not unusual for
the se“vice van tc reach the end of the farmer's } mile driveway and
then find it impassable. Cost of these calls is consequentiy very high,

"The dealer cannot charge the farmer anything iike the full cost
of these long service calls,” he pointe out. “For this reason we try
to make as many calls as pPossible in a particular area to Justify the

Journey.




»1 recently sent two mechanics in a service van to Vest
Kilimanjaro to service equipment on five farms in the immediate area,
When they arrived they found that it had rained so hard that even
tractors could not travel on the roads. They returned to Nairobi
after having both spent two days on the job and having travelled 400
miles with absolutely no r-turn to ghow for it. This happens often,”

Longer trips are often carried out with aircraft where landing
strips are likely to be available. Here again the operation is often
held up by the weather and time wasted by inadequate weather forecasts
and poor communications.

As in most developing countries, good mechanics are in very short
supply. In this particular country, Kenya, the problem has been
further aggravated by the loss of good Asian mechanics who are
unlikely to be replaced until a proper training scheme is set up to
train African mechanics,

The low standard of general education and general lack of
mechanical aptitude, he believes, is likely to make this a slow
process.

The same state of affairs tends to complicate the dealer's
relationship with his farmer customers. The farmers' attitude to any
commercial concern and their ignorance of the basic principles of
machinery makes the provision of an efficient service extremely
difficult.

"The African farmer buying and using equipment expects every
service to be a free one, every part to be under guarantee and every
guarantee to last for ever. He can usually read the parts book just
enough to ask you to bring the wrong spare 200 piles to his farm,"

s short time ago I received a telephonsa call at llp.m. on &
Saturday night from a farmer to say that he urgently needed the cable

drive to the cutter bar of his comuine replaced.




"I took all the concievable parts for the front cutter bar unit
on the Sunday, 170 miles to his farm, to find tra: in fact a steering
ball joint on the rear steering had failed, This sort of thing
happens quite often.”

In an attempt to reduce the time and money wasted on this type
of fool's errand and to make the service more efficient, thia
particular company tried to set up a local centralised service depot.
It failed because of a lack of cooperation from the farmers,

Services were offered to farmers free of labour and mileage
charges if they would bring their machinery to the central point.
Out of 30 farmers running mechanical equipment in the area, two
turned up and even they refused to pay for the parts used in the work.

From the farmer's point of view the main cause of the high cost
of machinery maintenance is the shortage of reliable operators who
are prepared to treat their machinery with any sort of respect and
maintain it properly. Main cause of this is the lack of any training
facilities,

Many of his customers attempt to overcome this obstacle by
rewarding operators with a bonus schene for breakdown-free operation.
In many cases this works quite well,

But training is a long and repetitive business and often

unrewarding. After training men the farmer is seldom rewarded with

any loyalty.




Iv

A MANUFACTURER'S VIEW OF THE FROBLEM:

Some idea of the responsible manufacturer's attitude to the
problems of servicing and caintazining machinery in developing countrias,
and the way in which it taciles them, can te gatvared from a brief
study of the operatinns nf the world's largsest manufacturer of tractors,
combinem harvestears and diesel] enirines - Massey-Ferguson,

“ith its headjuarters in Toronto, Canada, but rulti-national in
{ts menufacturins and marketing orerations, lassey-Farguson sells a
wide rance of tractors, harvesting machinery and ancillary equipment,
in pract.cally every country in the world,

Last year its saies totalled £398 million, of which about two
thirde was farm machinery, Just under 14 ver cent of the total - over
£48,4 million worth - went to the developing countries cf Africa, Asia
and latin imerica., Although this figure includes sales from the
company's twe cther main product groups, Industrial and Construction
Machinery and kngines, the bulk was farm macninery.

Sales to theses territories have nearly quadrupled in the last ten
years and continue to increase, Massey-keryuson executives are
convinced however, that this performance has only been achieved by a
long-term policy of develouping comprehensive distributor and dealer
networks backed up by a continuous technical support programme.

"When we go into a territory to sell machinery we do everything
possible to ensure that the area is adequately covered by a distributor

and dealer network, and that buyers know nhow to use our equipment,” a

member of Massey-Ferguson (Export) Limited told me.




In most developing countries there are considerable cbatacles to
such a policy., The most important of these is brobably communications
farmers and oprerators are *lten spread over lup. s areas, 1n come cyuses
a matter of more than g hurdred miles frap their nenrest ja . lap and
any sort of workshop,

Social situations alse often nelp to ruxe the di1s-emination of

information to oprerators more difficult., In particular, tie levels of

education too frequently make the instruction and truining of machinery
operators a much more laborious and repestitive process than it would bpe
in more developed countries,

The difficultiecs stexming from these two main problems ure furihar
aggravated ty the unique conditinns under which most farm machinery igs
operated in developin, countries, Because, as one Mascey-¥erruson
expert estimated, machines commonly work 1509 to 2000 houra o year
(compared to 400 to 800 hours in hurope) the eftects of rou,h hand ling
and rigornus soil and climatic conditions tend to lead to more frequent
servicing and maintenance requirements,

The following are some of the ways in which Massey-Ferpuson tackle
these basic ovroblems.

Service and Product Education

The basia of Massey-Ferguson's marketing in all countries outside
those where the company has its own manufacturing facilities is a
system of exclusive distributors in each country, each with its own
network of exclusive dealers. Exclusivity is considered essential in
providing high standards of service and parts supply, ensuring that
the distributor has the incentive to provide his own and dealer personnel
with sales and technical training and the farm machinery operator with

instruction in the use and maintenance of his equipment,




The most important part of a distributor's organisation, apart

from his workshops and stores, is considered to be his education
facilities. Here, not only are dealers!' mechanics trained, but

salesmen are also instructed in the main cperating features of machines.
The aim is that tney should be able to help potential buyers choose the
right types of machines for their farms &as well as show them how the
equipment should be operated.

If a farmer, Rroup »f farmers or a villavse community are jiterested
in buying a tractor, arrangements are first made for a comprehensive
demonstration 80 that the potentiul buyers can study the operiting
features of the machine.

finen a machine 18 actually sold it is individually installed in
ijts working location by a trained representative of the dealer or
distributor. In some cases he will spend at least 48 hours at the
farm or village ensuring that the operator 1s familiar with the main
operational points,

Naturally, in many areas he will spend a lot of his time on basio
points common to all wachines - oil levels, keeping radiators topped
up, bhattery maintenance, tyre pressures and even impressing the
importance of keeping the fuel tank filled.

The coverage of these apparsntly elementary points is essential 1ir
many areas because of the lack of ‘mechanical mindedness!’ taken for
granted in more developed countries.

The more specific operating points such as correct use of the gea
box, hitching implements to the tractor, use of the tractor hydraulics
and simple engine maintenance are also explained but it 1is no easy
natter to ensure that the operator achieves an acceptable standard of
competence in such a short time.

Further courses of operator training - through government sponsos
programmes OT the distributor's own training staffs or a combination

both - are relied upon to develop the operator's competence,

e
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In search of new ways to improve the effectiveneas of its
educational programmes, MF has introduced mobile training units to
take its own training expertise to the door-steps of farmers in
developing and developed countries alike. This year two units are
operating in North Africa and Northern Kurope, Last year, the biggest
of them toured the Middle East and Southern Europs, reaching as far
oast as West Pakistan,

These articulated vehicles each with & two-man crew, can be
adapted as = cinema, classroom or workshop and they ave comprehensively
oquipped with a wide range of training aids to provide on-the-apot
instruction in a variety of aspects nf machinery opsration and
maintenance,

So much of the success of thess operations, however, Clearly
depends on the quality of the service mechanics and the other
technicians who carry the training programmes into the fieid,

Unlike the majority of agricultural engineering companies, Massey-
Ferguson itself has shouldered the reaponsibility of ensuring that the
high standards necessary are achieved. For over twenty years they have
operated a specialised mschool at Stoneleigh, England, to train
distributor and dealer mechanice, sales and service personnel,
independent machinery specialists and instructors fronm government
departments and other training centres, as well as MF company staff,

Some 1500 trainees annually pass through the 500-acre MF school
in England each year, and in most years 250-300 will be from developing
ocountries.

Sponsored or recommended by distributors, government departments
or international organisations such as FAO, students may be taught
specifically about one particular type of machines - or even a single
feature of a machine - in short courses lasting a few weeks, or with a
combination of courses, they may stay as long as six months to complete

the full range of instruction available on the use and operation of

tractors, combines and allied equipment.




All tuition at the centre is free - the sponsor is expected to

pay only the student's board and lodging while he is in residence at
the school.

Unlike many other manufacturer-operated training schemes, emphasis
on the Stoneleigh courses is on teaching the student how to operate the
machine before he learns how it works and how to service and maintain
4t. Maamsey-Ferguson believe that it is impossible for a technician to
understand the operator's problems if he cannot use the machine
himself. The instruction given is a mixture of maximum practical
experience in the field and workshop, balanced with a minimum of
theoretical instruction in the classroom.

When these students return to their own countries, it is often to
supervisory or advisory capacities in which tney are able to pass on
the knowledge gained to mechanics and instructors in their own
organisations.

Gradual building up in this way & nucleus of technical expertise
is essential, believe Massey-Ferguson, if any improvement is to be
made in the standard of servicing, maintenance and operation of
agricultural machinery in the developing countries.

There are lassey-Ferguson training centres in several countries
doing work similar to that of the Stoneleigh school. Even so, MF
belisves that solving the problems is beyond the resources of any
single organisation; that ultimately the answer lies in governments,
the international agencies, manufacturers and other organisations
concerned, working together to find the solutions.

Massey-Ferguason itself has already pioneered significant examples

of the sort of co-operative effort it feels is required.




Equipment and technical aid was inoluded in g £300,000

contribution by MF towards setting up the South

Mechanisation Centre near Buga, Colombia,

SENA, the national apprenticeship

of the Colombian government, and FAQ,

American Farm

kun in conjunction with

organisation of Colombia, on behalf

the centre is designed to train

farm mechanisation instructors from all parts of Spanish-speaking

South America.

MF's experience in training matters and disseminating knowledge

has also been lant to the organisation,
world conferences on rice and sugar,

In 1966, & £200,000 contribution from 513
the Young World Food and Development Project,
a two-year project to investipate how the enormous potential
of young people in the world unier 2% years old,

70 per cent of the population in developing countries,

effectively utilised in development
with further support from ¥ and it
million young people from developed

There are others, and in total

which MF believes the problems have

The sheer physical distances involved

activities are enormous.
of machinery, the
remain a main obstacle to efficient

Tractor operators are spread over a

competent the distributor and dealer mechanics and technicians,

in conjunction with Fa0, of
both key world crops.
enabled FAD to launch
Uriginally designed as
anergy
who constitute some
be 2:re

could

programmes, 1t is now continging

is expected Lo involve up to

and developine countries by 1980,
they reflect the broad front on
to be taokled,

in carrying out such

On the sole question of after-sales servicing

problem of the distances that have to be covered

provieioning in many territories.
wide area, and no matter how

there

is a limit to what can be done within their resources.

A firm belief of Massey-Ferguson's Export Operations is that more

use could be made of mobile service workshops in many

such areass,




A prerequisite for their successful operation, however, is that
fermers must accustom themselves to the habit of having their machinery
serviced regularlyi topo often the machanic is never called upon until a
machine breaks down. A comprehensive mobile service system could be
financialiy viable only if a majority of farmers in a particular area

is prepared to pay for regular servicing of their equipment.

Parts supply

It is Massey-Ferguson's claim that if a part is needed anywhere in
the world for an immobilised machine and it is not immediately availabl
locally, it will be on its way by air-freight within 24 hours of the
request being received at one of MF's Central Parts Operations
warehouses.

The main ¥ distributor 1in every country is expected to carry 100
per cent spares coverage of all parts, both fast and slow moving.

His branches and dealers must hold all fast moving parts in stock,
and, where financially justifiable, they too are required to stock slo
moving items. A4 man gelling 50 to 100 tractors a year would have
practically as comprehensive a range as the distributor, but it is not
likely to be practicable for the amaller dealer to carry such a wide
parts range.

The latter, although having a full range of fast mcving spares,
would normally expect to obtain from the main MF distributor any parts
turning over less than four or five times a year,

Massey-Ferguson strongly deny a frequent, but naively based
assertion that distributors make excessive profits on parts business.

"It is wrong to think that the agricultural machinery busineas 1ir
developing countries is beiny carried on in a vacuum, The laws of

supply and demand rule there as elsewhere," says Mr. K. A. Graham,

Director of the Parts Division of Massey-Ferguson (Export) Limited.
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E‘Indeed, the parts business is one of the most competitive sectors of
our industry. If the manufacturer who sold the tractor offers his
parts at an uncompetitive price, someone else will soon take the
business from him.

"The magnitude of world-wide trade in parts is considerable,
Inevitably this has attracted the attention of companies outside our
industry who do not make machines of any kind, but produce only parts
for equipment made by other manufacturers, Very often, these parts
are not genuine units carrying the approval of the makers of the
original equipment,

"The most serious aspect of this development is that these parts
are usually neither made nor sold by people who have any franchise
responsibility,

"At the same time, both the approved and non-approved overseas
manufacturers of parts have to contend with the same problems of
freight costs, delays on import, interest and inaurance charges, all
of which help to make spares more costly., Therefore, the only way
the non-genuine parts suppliers can undercut the bona fide producers
is to manufacture to lower standards.”

The results of the use ot these non-approved spares, Mr. Graham
points out, is too often serious for the machinery user, and, through
no fault of his own, the reputation of the maker of the machine
involved is adversely affected. A mechanic in Europe is hardly likely
to recognise that a particular part has been machined to inadequate
tolerances, so it is even less likely that his counterpart in less
developed areas will notice the difference,

In the face of this problem, and to protect their reputation for
quality, Massey-Ferguson and other reputable manufacturers have often

had to supply spare parts at bare manufacturing cost to maintain the

g00od name of their products.




Apart from the reasons mentioned for the higher cost of spares
in countries remote from the proper manufacturing source, the
distributors and dealers in these countries autfer fror another
disadvanta-e which tneir puropean or American ¢nunterparts 4o not:
they must carry 3 oucn hlrier proyortion of spares in relation to
their total business. <This stock also turns nver much more slowly
than it does in the more :leveloped countiries,

Because he dare nat pe cau,nt without a narticular spare - either
slow or fast-moving - the diatributor who i3 two or three munths
journey from his source of aupriy must carry atout 25 per cent nf his
total stock-in-trade in the form of spare parts inateai nf the 8 to
10 per cent commonly reid by tue averape ~uropenn distributnr,

imilarly, the averare turnover of tiese spares wi:l te much
lower tian those soll by tne Zuropean uachinery distrioutor. A well
organised uronpesn tistrihutor would exrect to turn over his atocks
of spares an averase of around 7% times a year; a conpete-t distributor
in a developins country would te Lucky 1f he achieves a spares
turnover rate »f once a year. I some remoter districts the turnover
may be as low as U.4 or J.5 times a year.

Before countins any other costs, Nr. Grahanm points out, the
distributor and hia dealers will have an on-cost of B to Lu per cent
for the interest charges on the capital invested in this stock. This
figure applies in countries where tnormal' interest rate are being
charged - where interest rates are higher this cost will re greater too

in conclusion, it rust be emphasised that althourh 'assey-
Ferguson feel that the standard of operator competence und service
facilities have improved considerably in the last ten years, any rapid

improvement in the future must come from even greater co-operation

between manufacturers, government departments and local communities,




The improvements needed are more likely to be achieved if

mechanisation programmes are carried out 83 part of an averal}
economic developrent plan, dassey-'er.rusan believa, rutrapr t.an 1f
allowed to develsp pimcemenl, Machiines operated g Inconratantly by
isolated farmers, to whonm ;t 18 difticutt ¢ el cervice, intormation
and the trajnin.- timy nemd to ¢ their Jue efficiently, result in a

waste of scarce resources and do nothing to advarnce the cause of

agricultural pro.ress in developing countriass,
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It has remp shown that there are three main problems involved in
the servicins and ~aintensance of farm machinery in developing countries:
inadequate supplies of spare parts, a lack of efficient maintenance and
repair eervices and, 1n many countriss, a couplete absence of

facilities for training orerators and maintenance technicians,

1. 4pare parts supply

The alorture o spares for farm wachinery in many developing
countries cun be divided intn two sect.ons: national and local.

National shortua;es can generally "e blamed in the {irsi instance
on the manufacturera surnlying machinery and secondly a lack of
responsible attitude on the nart of the governcent department whose
responsibility it should be to ensure that i-ports of aa-hirery are
adequately bacred up by the correct quantity of the right type of spares,

Batches cf sarticular types of machines - tractors, cultivating
equipnent, harvesters - ure fraquently solt t- covernnent officials or
directors of agricultural improvenent schemes by irresponsible
manufacturer~ who do net inform trhe purchaser what type and quantity
of spares he ia likely to need within given stares of the gachines!
working lives,

Too often the purchase of such a hatch of rachinery - il may be
and often is a conriete selection of power units and cultiv:ting and
harvestinz equirment - is regarded as a 'prestise! operation desiyred
to impress politicians and governments of cSther countries. The money
available for the purchase is usually limited and tre asie is to impress

by purchasing 25 vany machines as posaible; a supply of spares to

compliment the machines is seldom considered.




A typical example quoted to me by the export service manager of
one of tre world's leading farm machinery manufacturers was the case
of a2 rovernment official buying a bateh nf hurventinq machines,

Twents-four machines were ordepad but thara wgg no mention from
the buyer o+« Spare parts to service the MACHines, L iap the se]ller
investicated +)ia aprarent ovarsi- st ne wyy told thet the country
concerned riemded this numher of machines and that trere was no noney
left for siares,

The manufacturert's advice that they should buy one machine leas
and spend this morey on snares waa iynored. In this cuse tire
manufacturer refused to Supply the machines without spares bt in too
many cases tne purchase would have rona ahegd nier the hverptg terms,

In addition the machinery ia nftep completaly unseiityble 'or the
type of work and conditions it ja internded tn nperate under,

It ia alsao tao Obvious that an ~lenent of brisery andg political
manipulation is oftep involved in tiaga wachinery djagla,

Llthourh most fovernments object tg interferinge with private
enterprise cperations; 1t is inevitable tpat there will nave to pe a
much ~loser control of machinery import operations by relevant
governnent derartaents, s 48 4 ol that anould be qgne by a
technical expert or expert committee rather than a politician,

The expert or the committee's nmain task shoylqg be tn ensure that
any import of machinery is 4ccompanied by both adetuate spare parts
and technical informatinn, Machinery huyers in develnpin: countries
have a right to expect manufacturers tg énsure that operators will

at least receive basic instruction in the main operating points of

machines,




Similarly, manufacturers must pay more attention to ensuring that
the instruction books and spare parts manuals supplied are easily
understood by the people of the country concerned. Too often such
essentials to efficient operation are supplied in the wrong language
and written in a style and illustrated in such a fashion that they are
incomprehensible to unsophisticated orerators,

Much more use must be made of instruction manuals which rely more
on photographs and diagrams than on words to get their message over,
Not only does this make the communication of information easier but it
simplifies the translation into less well known languaves and dialects,

But the most assential job for anyone in control of imports of
farm machinery is ‘o ensurs that the right quantity of spare parts are
purchased in relaticn to the number of machines,

Generally expert opinion holds that in remote area where any sort
of spares are liable to be delayed for long perinds as much as 25 per
cent of value of a total consisnment should be in the form of spare
parts if machines are not to be out of order for uneconomic periods,

The problem of the national supply of spares should be solved by
a coumbination of government and free enterprise action. The local
supply of srares in remote regions is a more difficult problem, however,
As has already been demonstrated in the case study of machine operation,
this is complicated by the financial limitations of servicing
machinery widely spread through a remote region and also by the lack
of knowledge of their machines on the part of the operators,

This would appear to be a situation that can only be resolved by
government assistance in encouraging the setting up of machinery
cooperatives which could afford to pay its own mechanic or justify
regular trips from a service mechanic. In the former case some

financial aid would nave to be forthcoming to pay for stockpiling of

the main essential spares,




2, Maintenance and operating structure

In most machinery operation situations in developing countries
it can be assunpeq that the distances involved, the wide dispersal of
the machines ang the lack ~f orerating skill on the part of.owners
and drivers are tie major obstacles to the efficient service and
maintenance of machinery,

Economic and communications factors dre making the Servicing of
individually owned machines difficult and it i8 therefore likelv that
the only real improvement in the standard of operation and day to day
maintenance can only come fronp government operation of machinery with
full cooperation from manufacturers and dealers,

Unfortunately, a8 existing pilot scheuwes in several countries
have made clear, this is not the type of operation that ig likely to
aid the smaller pPeasant farmers to any great extent, The development
of extension aig and instruction is likely to be the only effective
attack on this pProblem unless governments gre prepared to subsidige
the provision of machinery, service and maintenance facilities to
remote areas,

Government controlled machinery units should, however, be set up
whenever possible because of the effeot they must have on the long-
term development of agricultural mechanisation, Unfortunately,

because of the difficulties of staffing and ootaining supplies 1n

developing countries tuey are seldon likely to be pun profitaviy and will

1nevitably demand subsidies frop governments,

However, provideg they are properly set up with sufficient
emphasis on training operators and mechanica)they must not only
Produce relatively large numbers of trained personnel but also set a

standard by which all other machinery operation can be measured,




The effect of starting even a limited government machinery service
are effectively summed up by an FAO adviser in East Africa: "The actual
benefits of setting up a government machinery service are difficult to
measure but it can set the puce for mecharisation, take the burden of
the experimental stage off the farmer, meet requirements where private
capital and know-how do not exist, accomplish special tasks which
would not be attractive to a private commercial concern and rapidly
put new land ianto production.”

Obviously, the main requirement for successful operation of a
government machinery operation is having sufficient land to be worked
by any particular unit; in many areas where there are already a large
number of tractor owners who may well be doing work for their
neighbours, this is difficult,

The other main requirements are availability of the right equipment
for the area covered and sufficient trained staff and extension workers
to ensure that the equipment is properly used,

The most important element in the successful operation of
machinery units is the degree of supervision of the operation and
general organisation,

An example of the way in which such a machinery unit can be set
up and organised is the Tractor Hire Uervice first set up in 1966 and
since modified by the Kenya Covernment.

The service was eatablished to work for individual farmers and
also on government agricultural schemes., The main protlem was that
many of the areas where work was to be done were 200 miles from the
headquarters and there was a lack of trained staff to operate machinery

The scheme was based on 25 tractor machinery sub-units and the
transport obstacle was tackled by equipping each sub-unit with a 5 ton

lorry, 6 tanker trailers for fuel and water and a four wheal drive

vehicle for the transport of operating and supervisory personnel,




The staffing and training structure was worked out by FAQ
extension workers and the overseas liaison unit of the National

Institute of Agricultural Engineering, UK. The aim was to make

Implement operation was at a pretty low standard in the country
generally and still is. 7o 4 certain extent this stijl applies to
the tractor hire service "with men with little pore than a driving
licence in charge of £2,000 worth of machinery,"

Not only has it hean difficult to £=t trained men np the scheme
but also to work out a wages structure that would provide both an
incentive for high output and a good atandard of workmanship,

Originally the operators were paid on the normal wage system
ruling in the country but this has resulteq in lower cutput thap should
have baen theoretically Possible. This is pow being supsrseded by an
overtime and bonus systenm,

To combat the rProblem of low standarde of operation from g
technical point of viaw & new staffing and training structure has been
vorked out by FAO and the NIAL ‘verseas Limison Unit (4ppendix ¥ ),

A type of organisation that could be applied to governnent machinery
operations in other developins countrias Where fiald acale rather than
small plot farming is practised, it ia designed to provide a high level
of supervision as wel] a8s 2 meaningful wages structure,

"The lsvel of Supervision is vital to the successful operation of
8 unit of this type", emphasises Mr, Theo. villcocks of the Liaison
Unit. "This sort of organisation is designed for a 25 tractor unit
and the most important part of it is the proportion of workers to
foremen and unit supervisors. Any attempt to reduce the amount of
supervision will, I believe, result in a very much reduced output and

lower standard of work,"




As with many other such officially operated mechanisation units,
the main problems encountered have been the difficulty of obtaining
any sort of economic work rate when operating in the areas of peasant
small holdings, getting the operators to feel responsible for their
machinery and to understand it thoroughly and, most important to a
scheme of this nature, maintaining accurate records.

Most of these obstacles to efficient mechanisation can only be
overcome by better training and education. The efficient use of
machiner;;;perating, servicing and repairs - on smaller peasant
holdings is altogether a more complex matter which raises the whole

question whether it is wise to attempt mechanical cultivations on such

farms until a much more advanced stage of economic development is

reached.,




3.Education

field starr,

But education in the European context is largely irrelevant - gt
least as far as operator training is concerned, It is not unreasonablae
to assume tnat the majority will be almost illiterate with little
mechanical knowledge and training schenes have therefore to be geared

to this sort of standard.

Teaching methods and particularly the visual aids uyseq must be
carefully graded to the standard of literacy or lack of it of the
trainees, Lessons ang demonstrations must be put over in the simplest

way possible and inp 8essions of ahort duration; the instructor gust be

machinery operator's course if the basic Principles have not first
been mastereqd, These fundamental Principles of inatructing people
of a low standarg of education angd unfamiliar with machinery were
well understood a decade or two ago; they are nonethelass sti.l trye
of many areas of developing countries today,

Most educational and extension experts agree that g really
effective structure of technical personnel can only be built up from

this basis with o gradual selection of the more able nep to train asa

foreman drivers, mechanics, demonstrators and advisory workers,

e




But before this sort of system can be successfully applied two
main problems must be tackled: the general standard of aducation must
be raised and ways must be found of obtaining more of the ren who are
to do the training.

The first problem can only be solved by developing countries
themselves and is likely to be a long-term process. The second
problem can be solved more rapidly by more educational aid from
developed countries. Aid that is, not so much in the form of direct
monetary help to internal education achemes'but more in the form of
training sponsored students and secondingtrained personnel to these
countries,

Having obtained trained men the developing countries must then
take steps to ensure that they are able to keep them employed where
they are most needed - with their sleeves rolled up, passing on their
knowledge to the people who need it.

It should be unnecessary to point out that far too many students
trained overseas in practical technical skills return to their own
countries to spend the rest of their lives in administrative Jjobs.
Too often most of their expensively won technical knowledge is thus
never applied.

Salary scales and other inducements must be provided to keep the:
people practically involved in solving the day to day farm mechanisat
problems of their countries.

It is a world-wide phenomenon but one particularly noticeable in
developing countries that people do not want to work in agriculture.
The result therefore of educating or training a man beyond local

elementary school standard is to raise him out of his previous social

relationship with his neighbours.




Not only is he likely to feel superior to thenm but, more
serious, he is no longer likely to want to 80il his hands with
Practical farming., If he does not actually becone some sort of minor
administrator, he goes off to the nearest urban centre ang becomes a
garage mechanic or lorry driver.

Apart from the social situation, thig attitude is understandable
because of the better pay of these urban occupations, Unless more is
done to 'glamonurise' the strucgle to improve the vita1l agricultural
Production in many developing countries and skilled and semi-skilled
men are paid more this wastage of educational effort will continue,

The main requirements of most developing countries is for four
classes of technicians: skillad tractor and machine operators, farm
mechanics, service mechanics and field engineers and service managers,
There is also g great need for more extension workers with a more
practical knowledge of farnp mechanisation,

The structure most likely to produce these virious clagses of
personnel is likely to be simplified but intensive training courses
for operators; more detajiled - but still simple - intensive training
for farm mechanics and foremen drivers; thorough workshop and college
training for service mechanics and demonstrators and college and
university training for service managers and extension field engineers.,

Although in the long-term it cannot be said that any one of these
groups of personnel is more important than another, the foregoing
section of the report ha« shown that the most urgent demand is for
facilities to train operators,

At present the setting up of such units is hampered by a lack of
funds and a shortage of skilled and eéxperienced instructors. Even s o
it is still possible to make considerable improvements in the standard
of machine operation with the bare Rinimum of equipment and buildings.

The availability of dedicated instructors of the right technical calibre

is however, vital,




A typical example of this sort of organisation is the Narosurra

farm mechanisation training scheme now running in the Baringo district
of Kenya.

The scheme utilises the facilities on a 500 acre farm plus
machinery and equipment on loan from dealers and manufacturers to
provide éntensive 12 week courses in operation and maintenance for
owners and tractor drivars.

Operating in an area of often marsinal rainfall where near f- mine
conditions are semi-endemic, this scheme is seen a3 part of a plan to
increase agricultural productivity through private ownership of
tractors. As well as cuitivating the owners individual holdings these
machines are used for a considerable amount of contract work.

The Narosurra unit can, at the moment, take 35 students on each
oourse and is able to run three coursea a year, Aim is to improve the
efficiency of machine operation and to teach operators how to do a lot
of the maintenancs which previously would have been neglected or would
have involved expensive service and repair work by commercial
organisations.

Ploughing and cultivating, servicing and simple repair work,
including gas welding, are the main subjects covered., These are
supported by a thorough grounding in farm accounting - particularly
essential for the contract operators - and basic animal and crop
husbandry.

Apart from money from the Kenya government itself, funds come
from several international organisationi. The work is nevertheless
severely limi.ed oy lack of money. Costs of training each student
works out at 1,000s. and at the moment half of this has to be
contributed by the student himself. Naturaily lack of this amount of

money bars many men from taking the course.




Despite this obstacle, direct beneficial results of the training

scheme has been the raising of the standard of tractor operation to
the extent of allowiny tractor owners to pay for their own nachines
in a very short time; one man for aximple earned g Mmarter anf the
capital cost of a tractor in the ,rat threae montiis »f operation,

Another beneficial development directly attributable to the
training scheme has hean the setting up of farmert's cooperative
tractor operating groups, llain instigators of these srours have been
men trained on the Narosurra course,

As we. ! as being short of money, schemes of thia sort are also
likely to be short .f trained naen. althoush the Marasurra unit is
staffed by experienced men from a number of countries, any expansion
of these types o[ trainins s.hemes throughout the developing countries
will demand many more locally trained men to carry out the vital task
of passing on technical skills.

And, this is what appears to be one of the biggest gaps in the
whole structure of technical assistance and educatinnal advice to
developing courntries: the lack of the appreciation of the tact that
the most vital need is for men trained in the jractical aside of

machinery operation and maintenance to train opaerators and mechanics,

Although most extension workers and advisory men are well aware
of this lack, most official bodies - whetner individual rovernments of
developing countries, the various sections of the United Natinns
Organisation, the overseas development ministries of developed countries
or the technical aid organisers of international charitable
orpanisations - are obsessed with university degreas,

To too many of these bodies a decree qualification - of whatever
type and standard - is considered to he of much greater importance in
employins a man to do evtensior vork than deep technical knowledge and

the 2bility to pass on his knowiedge to others,




Unfortunately the mechanisation aspect of agricultural

improvement and development suffers from this failing more than any
other. 1 would suggest trerefore that a man who has undergone &
thorough technical apprenticeshin, has had an intense two OT three

year technical college course in agricultural engineering and, ideally,
has completed his education by a short course at a teacher or technical
teacher training collage is far more valuable than any man with an
honours degree when dealing with the problem we are concerned with
here, Such men are nard to find but .he good they can do in attacking
this very basic ejucational problem is bounilese,

They nmust therefore bLe vaiued on this tasis and rewarded
accordingly.

T™his opinion has not peen formed without considerable thought.
Throughout the preparation of this report it has veen continuously
impressed on the writer by advisors, educationalists and comnercial
machinery experts that unless the technical standard (as opposed to
the standard of theoretical knowledge) of the peopla advising and
jnstructing operators and mechanics can be improved there will be
1ittle improvement in the standard of machinery operation and
maintenance.

At the moment the educational and industrial structure of
developing countries is little fitted to producing such leaders of
this educational crusade. Although ideally, men of this type should
be trained in the territories where they are to work, a compromise
solution will have to suffice for at least the next two decades,

This compromise is likely to consist of developed countries
seconding welletrained agricultural engineering specialists to
underdeveloped countries and an intensive programme of training -

both in their own recions and abroad - of promising technicians coming

forward in the developing countries.




an approach ravoured by many educationalists is that the 3ervice

mechanics, demonstrators and inctructors should ne provided hy a
combination of nen ceconied from develored countries and talented
technicians from the countries tierselves, Thece tatter will often
have to be tr:iined abroad, Farc @coinics and onperators are in turn
trained by tihese tws citerories of tectnicians.,

Of couree, several countries have already set up their own
training establishments hut it ja likely to he many years yet tefore
the develorincs countries become self-supporting in their production
of training staff,

an educztionnalist with stronc views on the impar: nce of thorough
mctical yrounding for the extension worker is Mr. ' rank Turner,
Principal of kycott .ood Collepe, Thame, oxfordshirs, sngland. Hycott
wood is one of the few colleyas in the world to Specialise in training
agricultural enginears in both practice and theory to just below
graduate level,

Many students from underdevelopad countries have heen triined at
the College and many British students trained there have later worked
in mechanisation training and development projects in Africa and Asia.

Establ‘shments like Hycott .ood, ¥r. Turner helieves)can play an
important part in training technicians in the more advanced but
essentially practically btased categories. Pritich students taking a
Rycott ccurse will eitier be undergoing - on a sandwich course basis -
or have completed, a trade apprenticeship with a machinery dealer or
distributor,

For overseas students this ie not so simple but, Mr. Turner
emphasises, they must have had a practical grounding in machinery
operution in their own country if they are to pain any bernefit from

the concentrated ype of course they are likely to undergo at

Rycott wood,




"4 is nearly always impossible for the student from a developing

country to gain, in his own area, the concentrated practical
experience that is vital to sound training," he says, "But provided he
has a sound kr.owisdoe of the machinery used in his own region and its

special protlems we can el him a lot."

Ovarseas stulents of this tvpe inevitably lack the background
knowledge of the student #uo nas teen undersoins a field and workshop
apprenticeshin, ne point 3 out, Jverseas atudents cannnt be trained
to a similar =tandard without more cooperation from machiuery
panufacturers and dealers in Britain and other developed countries,
he pelieves,

"yphat is needed is a sort of concentrated sandwich course to get
these students up to tne technical standard of tneir suropean
counterparts. This 13 impossible unless they can work with a machinery
dealer under close supervision and instruction.

"ihe main obstacle to this is that comranies will not take 2 man
on this basis whnen trey Know that the time spent on training him will
never benetit them since he is never likely to work for them once he
is trained."

»] think this problem could be solved however, if the amploying
firm could be ;aid a gran* to cover this loss. I think a sum of
something like £100 would be enoush to encourage many more firms to
take on an overseas student for a year or so.,"

There are problems too for the young agricultural engineering
technician who is seconded to a developing country. A& period spent
abroad on such projects tends to reduce a man's career prospects when
he returns. iHe tends to be teaching at a more basic level than at
home and is liable to set technically out of date in a short time,

Shorter tours of duty with more refresher courses as well as
better pay for this type of work are therefore necessary, Mr, 'furner
believes, if the right sort of men are to be attracted to this type

of work.

B




Main basis of the teaching at iycott Jood, as at most other
similer agricultural engineering establishments, are tie syllabusas
set out by the City and uilds o. lLondon Institute, The two most
important of these are the “rricultural lachinery vperator's
Certificate and the Agricultural Mechanics Certificate,

Tropical versions of thage flave recantly been introduced under
the general heading of Avricultural uigineering in Tropical Countries,
They cover the same basic subjects as the Hritjisp versions but there
is more emphasis on those subjects most relevant to tropical
conditions and there is also scope for altering the 8yllabus to suit
particular resiouns,

The first of these (no. 816 africultural Machinery Operator's
Certificate - Appendix ® ) ¥r. Turner believes tc be ideal to serve
as the basis of training farnm mechanics, foremen drivers s} machinery
demonstrators in developing countries, This particular syilabus
covers the basic elaments of arricultural vractice and machine
operation and wmaintenance and reads a minimum of %00 hours study and
practical instruction. At leasst 160 hours, it is recommended, should
be spent on practical work.

Completion of at least six years primary education is necessary,
the designers of the course point out, if full benefits are to be
obtained. It is designed for full or part time teaching or a
combination of both,

Aim of the course is to make the student fawiliar with the layout,

controls and correct and safe orerating procedures and also with

routine servicing of tractors and machinery.




The second stage of the City and Guilds agricultural engineering
teaching programme for technicians in tropical countries is the
no. 817 Apriculturul iMechanics Certificate (see Appendix@€ ). It is
desipgned for use in improving the technical skills of the man who
already has some mechanical experience or ideally someone undergoing
an apprenticeship.

For this reason it is only likely to be applied in teaching
establishments in developing countries where thers are staff of a
high enough calibre to instruct to this higher standard. At present
therefore it is likely to have most application for the stulent from
these countries being trained abroad in developed countries where he
can also pain additional vractical experience,

It will also serve, Mr, urner suggests, as the starting point
for training such students who are sufficiently talented, up to the
standard of the National Diploma in Asricultural rngineering or the
Ordinary National Diploma. 3oth these qualifications are the equivalens
of a pass degree but have 4 much heavier emphasis on practical work

than does the degree qualification.

Training structure

As already made plain, the main problem in training machinery
operators and operator mechanics at the moment is lack of enougch men
with sufficient training in the basir skills to do the training.
Several developing countries have at least the teginningas of an
agricultural engineering faculty attached to their national
universities; very few have the right type of technician training
set-up.

This type of training organisation must ultimately be set up
within all developing countries if any improvement is to be made in th
efficiency of farm mechanisation. At the moment, of course, lack of

staff and lack of firance are serious obstacles and bcth capital and

technical aid will have to come from the developed countries,




A particularly important part must be played by agricultural
engineers and educationalists fron these countries in aiding the

selting up of training organisations,

Ine organisation already Playing a significant part in the
instigation »f such schemas is the Overseas Developuent Mnit of the
National Institue of Agricultural tngineesring, WK Financed by the
Ministry of Overseas Jevelopment, it apends its effort an solving
direct individual mechanisation problem

® and also adviaing on training

and mechanisation organisation,

In the last few yeirs such recounanditions have hean maje for a

ride range of territories at the lnvitation of the overpnments in many
countries o Africa, Asia and Latin america. They are convinced that

each plan must be specific to the particular prohlens of esch country,

"There is no fixed formula for setting up an arricultural
machinery trainins sSchene " Mp o 5 oy sutton, a cember of the ‘Tpit
staff told me. “iach revion has different machanisation nroblems, 4nd

therefore Jifferent triining needs, These have to be adjusted ta the
level of mechanisation and level of veneral education if any worthwhile
results are to be uchiasved,"

Liason unit staff point out however, that renerally there is g
need for two types of training (ie apart from graduate level and above);
intermediate technician level training for mechanics and operator
mechanics and very basic teaching of the handling of simple machinery.

4 secondary but still m-st impcrtant need is for facilities to
g8ive intensive specialised training in machinery operation to
extension workers,

"This is specialised training which cannot be carried out on a
general agriculture course," emphasises Mr. Theo. willcocks of the
Liaison Unit, "And I feel that this is one of the main problems in
machinery training at the mouent; irnorant use of machinery ia

inevitable when generul agricultural extension workers are assumed to

be comretent in machinery operation,"




The two types of training organisation referred to above are

of course closely linked; nnce the intermediate level training gets
under way trained men from them then hecome the instructors or
assistant instructors in the more basic training ascheme,

Two recant activities of the Liaison Unit - a report on training
in Ethiop.a and advice to a Latin American country on setting up a
comprehensive machinery training scheme - illumtrate the problems
and some solutions,.

The Ethinpian problem 18 a very basic one of many small
peasant farmers working below subsistence lavel who urgently need
help and advice in the efficient operastion of simple animal drawn
equipnent. osowe four million farm facilies it has bean eﬁtimated)
will have to be covered by any training and advisory service,

The Unit'e reco mendation was for additional training for lower
middle grade workers to act aa mechanisation assistants to the
extension workars. It was emphasised tnat all the resources available
should be conceatrated on this project rather than dissipating it on
more advanced training which cannot possibly be applied to the
country's rudimentary stage of technical development.

This improvement in advisory work was to be complimented by
setting up simple suall group trairing schoola in each area where
farmers could bring their own young oxen and bs taught to train and
work with them with improved ploughing and cultivating equipment,
Once this basic step was completed, the use of simple hand tools and
other agricultural equipment such as knapsack sprayers, weeding and
harvesting equipment could then be taught.

The Latin Amsrican country had different needs, With an
agriculture combining capital intensive cash cropping on the coanstal
belt and poor, less than subsistence agriculture in the mountainous
hinterland,it needed to improve the atandard of tractor operators and

mechanics and also to provide the backbone of any extension service

designed to improve the practice of the peasant farmers,




A8 in many other developing countries, there ware already

numbers of graduate enginears being produced by a natiocnal univerajty
but no training at t.e internediate technician laeyal,

Two main ohiects of t}a tentres, the re;ort recoomended, should be
to provide firstly practical instruction in the drivine and inge,
maintenance, ad justment an repair of 4ll nakes of machines being usad
in the country and secondly, the o:aration gnd maintenance of
oultivating, 80Wlng, crop protection and harvesting equipment should
then be taught,

Technical assistance both in the form of money for ejuipment and
instructors to train the:r o¥n replacements would be needed for a
period of four or five years,

The recommended plarn most likely to produce as many trained men
a8 poasible in a short time was basad en a number of short-tern hasic
courses eacth yeur with amall frours of traineea, hap the tracirage
unit 1s under way and has the necestary staff additional svecinijat
courses on particular asrects ,f individual types of machinery should

be rur, the raport recommended,

Cost of training

Although the provisinn of operator and mechanic training
facilities are not likely to const as much as they would in a developed
country they are still likely to represent a considerable strain on
the scurce finances of these countries,

Tt is inevitable therefcore that more money will have t- pa
directed to this basic training need by every ors.nisatinnp invalved
with improving living standards in developing countrias. It darmands

priority treatrent over many much less urcent educsational prcjects on

which considerable sums are being spent at the moment,




It is of course impossible to calculate precisely what a
particular training set-up is going to cost. Fach gituation must be
solved in a different way. There are nonetheless certain basic costs
which provide a guide to ectimating the cost of a training programme.

To train a man at the intermediate and more advanced levels abroad
will cost someons -~ his own government, & technical aid organisation or
the governmant of the teaching country - in the region of £1400 for
each year of his course.

To equip a training echool to handle 20 to 3V students for basic
tractor operating and m&intenance will cost up to £10,000 depending
on the number of trastors used, A workshop training unit will cost
from £5000 to £1500, These figures can be considerably reduced by
economising on buildings and naking use of machinery already being
used in the area.

The cost per student of a given course will be much more difficult

to estimate because of the variation in staff salaries, length of

courses and the other factors already mentioned,













¥1 CONCLUSIONS

Throughout the writing of this report it has been the aim to focus
on the problems of machinery operation as they are in developing
countries at the present time. It i3 however impossible to conclude a
work of this nature without makins the observation that many of the
problems of agricultural mechanisation in these countries are rooted in
the attewpt by sovernments and other official bndies to mechanise
agriculture before people were ready for it,

As 2 mechanisation expert working in one developing country put
it to me: " hat is needed here is not more meciianisation but less, I
sometimes think that we should ;o back to basic nrinciples with farmers
exploiting their own working capacity and that of their drazught animals
to the utmost and then work upwards from there as their technical and
economic situation improves,"

A great deal of effort and money has been wasted on schemes which
went too far too fast; the attempted wholesale application of
sophisticated agricultural mechanisation methods originally developed
for Furo-American conditions has foundered with monntonous frequency.

It therefore seems obvious that if more money and effort is not to
be wasted on ettempting to impose European methods on people who are
not ready for it, much more effort must be directed towardis designing
simple machinery for specific jobs and conditions.

This is a view widespread amongst advisory workers deeply involved
in the monumental task of improving subsistence agriculture. The

views of one such expert working in Ethbpia state the problem and

indicate the future line of development in such situations:




"with the present shortage of capital, limited mechanical know-how,
short farming season, small and often scattered holdings, lack of
workshop facilities, the nearest spare parts supplier 600km away, poor
communicitinns, lack of trained mechanics prepared to come down and
work here and difficulties in obtaining fuel, even larpge organisations
are finding it difricult to run their mechanised acuipment efficiently.

"On the other hand, most of the small farmers in this area
already own cattle and some of them have drauvght animals, The cattle
are of vood drausiit troe and there is an old tradition of cattle
ploughing, forming an axcellant basia for building up a comprehensive
farmings system which is capable of rradual evolution towards
complete medernisation.”

It has bmen clearly demonstrated that many of the people in many
areas of the majority of develovins countries are subsistence farmers
with very litlle involvement in any sort ot marxet ecnnomy 8o that even
if they had the inclination to adopt modern machineary tis: would be
unlikely to have the mcney to vay tor it. & ccmplete chanie has
therefore to tiaxe ;iace in t.eir social situation before anything like
modern metlionds can te introduced,

However, where the social =ituation of many small farmers is not
so much a problem, where {or instance, new land is brought into
cultivation by irrisation and bush clearing scheren, comprehensive
aplutions such as the Volta fiver and ..udan Gezira schem s can and are
going ahead successfully,

Apart from the measurable short term benefits accruing from such
prolects there must ne an additional lon.. term sain in the form nf the
technical tali-cut in the tform of develonnent of new methods and the

build-up ot triined o/erators and uechanlics, This must ultimately

benetfit the snmaller farmers,

g e




In the long term the developmen: of an efficient mechanised
agriculture will depend on the format,on of larger farm unita whigh
allow machines to operate more economically,

In the meantime if the peasant farmers and smallholders who make
up the bulk of the agriculturaliate, and tie hultk of the vopulation,
in developing countries are to be nelped, wuch more must be done to aid
the improvement and development of methods aiready in use,

This can only be donae by raying much Freater attention than in the
past to experimenting with ang testing machinery in the particular
territory where it 18 to be used, 7o keep down costs of auch operations
it will be lecessary for much of this simple equipment t, be manufactured
by the developing countries themselves,

Theae developments must also be complimented by a concentrated
Programme of technical education if any worthwhile results are to be
achieved,

Indeed, the whole key to improving the efficiency of agricul tural

machinery operation in developing countries lies in more and better

technical education,
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APPENDIX A

Staffing recommended by the Overseas Liaison Unit of the NIAEL
for a 25 tractor agricultural machinery unit. A staff of 21
operators and 4 foremen operators - plus trainees - ahould be backed
up by 6 mechanics and 2 other machinery technicians, aunit supervisor
and a farm machinery uanager.

Staff qualifications and a salary scale (for Kenya) are as follows:

1. Farm Machinery Operator Trainee (€£90)

a.

Minimum entry requirements (1) Literate

(ii) sSatisfactory completion
of 4 years education

(1ii) Mechanical aptitude
Minimum 3 week intensive training
Minimum 90 days 'on the Job' lraining

Maximum 6 months in grade

2. Farm Machinery Operator (£163 - £250)

8.

Field qualitications test based on experience gained as a
trainee, or in previous employment (minimum 1 year)

Minimum entry requirements

Minimum one-week intensive familiarisation training on
specified equipment

To operate a tractor and at least two basic implements under
varying field conditions with maximum efficiency and a

minimum of supervision

Driving licence.




3.

4.

Senior Farw Machinery Operator (£236 - £320)

L

b.

Co

Farm Machinery Technician - (£300 - £440)

Must be conversant with all the qualifications of the
"Barm Machinery Operator" including serving ¢ minimum
of one year in that grade or equivalent
Must be proficient in the operation of at least 4 different
types of machines
Must rave exuerience and knowledge in the keeping of field
records
Must be able to supervise other operators and carry out
required tield operations without direct field supervision,
As (2) above, but to include orpanisation and supervision of

field work with all applicable equipment.

-

Must meet all the qualifications for & Senior Farm Machinery
Operator including naving served a minimum of 2 years in
that grade or equivalent

Must have completed a minimum of 60 days mechanical training
and be able to make routine field repairs and adjustments
on all machinery

Must be able to supervise the complete sequence of field
operations for the gpecified crops

Must be able to operate all applicable tractors and field

implements

As (3) above,




5 Iarm Machinery Manager - (£700 - £1060)

&. Must have a minimum of 5 years experience in mechanised

farm management

b, Must be experienced and capable of carrying out administration

and accounting for farm tractors and machinery

€. Ability to supervise a staff of farm machinery operators and

mechanice; to ensure economic and efficient utilization of
equipment,
Wages of the above staff should alsy include an hourly incentive

bonus in addition to & promoticn incentive, ®.0. LhH, OV Ler

pProductive tractor hour or such other amount as may be auitgbhle,

This or a similar system permit an arganiagtyon such aa the

Tractor Lire ervice to reduce the number oy Figh (eyel supervisors,

Senior Farm Machinery Uperatoras and Farg Pachinery Techniciana wonld

assume most of the day to day field supervigsion and the woprnq Mactunery

Manager would bve responsible primarily for organisation o

f the work,







APPENDIX D

Qutline of course of teaching and practical instruction for

devised by the City and Guilds of London Institute for

agricultural machinery operators in tropical countries:#

The courses is based on a thorough understanding of the basic

principles of agriculture. It aims to show why machines are used and
how they shouid be used to obtain optimum benefit, The basic principles
of machinery operation form the main part of the course with g
considerable reliance on practical instruction in the use »f the
principal types of ejuipment. iractical ltstruction forms one third

of the total teaching time of the course.

The syllasus is divided into four narts - elementary principles
of crop husbandry and land use, agricultural machinery, reluted
studies and practical work, but it is recommended that all four should
be taught concurrently throughout the period of a course. Tha aim
being that student's expanding knowledge of the four main aspecte
should compliment .ne another throughout the course,

The sections are divided in the following manner:

l. Klementary principles of crop husbandry and land use:

This section is divided into soils, cultivation and manures;
land use and plant growth ana reprocduoction.

The agriculturally importan. points of soil type, the top and
subesoil relaticniship and the relationship of soil type and state
to plant growth are emphasised.

The cultivation section emphasises the importance of soil
structure and tilth, weed control and the reasons for cultivating
the soil,

Main subjeots dealt with under soil fertility are organic and
inorgsnio manures, green manuring, reasmons for rotations and methods
of fertiliser application.

* copies of no 816 Agriculturai Machinery Operators Certificate syllabus

(Agricultural Engineering in Troypical Countries tage 1 obtuinable from

City and Guilds of London Inat.tute, 76 Fortland Pis~e, London, W.1,)




The Land Use part of the syllabus deals with climate,
particularly rainfall, with main emphasis on the student's region.
The effects of and reasons for soil erosion are covered and extended
jnto methods of soil conservation with, again, particular emphasis
on the 3tudent's own area.

Under the heading of Plant Life, Growth and Reproduction the
main principles Lf plant growth and reproduction are explained with
particular emphasis on the crops of the region. Differences between
different types of plants with particular reference to difference
between broad leaved and grass species, FPrinciples learnt under
these headings are then brought to bear on the main methods of arable
crop production.

2. Agricultural Machinery:

Introduction and materials - power transmission - power units -
tractors and implements and machines form the main part of this
subdivision of the syllabus.

Man as a power unit for simple machines - hand tools used in the
student's region - the draught animal as a power unit - animal drawn
maohines of the region. The tractor as a power unit replacing animals -
torque and lift - reasons why animal drawn machines are often
unsuitable for use with tractors.

Identification of materials used in farm machinery - character-
jstics in relation to use and storage - factors affecting their life -
wear and corrosion.

Power transmission - shafts - pulley drivea - gears - chains and

sprookets - ball and roller bsarings - bush and shell-type bearings -

ssaling elements.
Power units - construotion and working principles of 4 and 2-
stroke engines - compression and spark ignition - singls and multiple

oylinder engines.




Lubrication systems - friction -~ purpose of lubricants -
different types of lubricating systems - importance of cleanlineas
and regular oil changes.

Cooling systems - air and water cooling - layout and function
of tractor engine cooling system.

Air cleane:s - function - construction and servicing.

Petrol engines - fual - fuel systams - principles of carburettion -

coil ignition and magneto ignition systems,

Diesel engines - fuel - fuel systems - bumps, filters, injection

bpumps and injectors.

Starting systems - layout of starter circuit - battery and ite
care - charging systems.
Tractors - layout of four wheeled and track laying tractors,
Transmissions - ground drive equipment and brakes - lubrication -
hitches - controls and instruments,

Implements and machines - ploughs, chisel, mouldboard and disc plus

special referencs to local animal drawn tyres.

Cultivating machinery - disc harrows - seed harrows - chain
harrows - rollers and tined cultivators - ridgers and subsoilers,

Planting equipment - principles of the seed drili - the variouas
seed metering devices - types of tuber planter.

Fertiliser distributors - purpose - plate and flicker, spinner
and other broadcasiing types - maintenance,

Sprayers - fan and cone nozzles - pressure reservoir and
continuous put.ping knapsack machines - low volume sprayers - manual
and powered dusting machines.

Pumps - main Principles of reciprocating and centrifugal pumps

Light earth-moving equipment - blade terracers - graders - dise
plough 48 an earth mover - tractor mounted earth box,

Farm transport - wheel barrows and hand trolleys - different

tyres of tractor trailer ~ trailer weight transfer.




Regional options - grass and light brush-cutting machinery -

forage handling machinery - combine harvesters - root harvesting
machinery - special narvesting and processing equipment.

%2, Related “tudjes - Calculations - practical calculations using

fractions, decimals, forrulae, averages, ratios and percentages -~

measuring and wensuration.

Reat - temperature and quantity of heat - measurement - effects

of heat.

Mechanics - the lever - moments - mechanical advantage - pulley
and gear ratios, Centre of gravity - stability - safe loading.
Bydraulics sicplified. Friction.

Rlectricity - effects of an electric current, heating, chemical,

magnetic, circuits, conductors, insulators, resistance colour coding.

Earthing and safety. Batteries and fuses.

4. bractical work - this is divided into practical demonstrations and

exercises explaining all the foregoing subjects.
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APPENDIX ¢

Syllabus drawn un by the City and Suilds of London institute for
training of arricultural nechanics in tropicnl courntries, #

This syllatus 1s dacicnad for trainin - sohron leavars ajtiap

takin- a related souree op undersoing un dorrentiomalys

ant 1iso for

more matrre studants who cav Alresly tave ~mcrayyegd LESI N N T

i

total of 72¢ haurs of nslraotion and teachine are Jryvoove| LY which
a third 711l ne rontic. Aoroshon ant Uiela oweore,

The course is fivideq 1nty roup sections:  eleanentuiry :oanciples

of crop nusbundry ird iarnj HEE, construction and ruapntenances of
agricultural machinsry, woreshop processes and materials and related

studies,

l. Elementar; principies of crog husbandry and lani use: this
section is divided inte soils, cultivation and manures; land use;

plant growth and reproduction.

2. Construction ani maintenance of machinerv: this is qub-divided
into five sub-sectinn. - power transiiss) n, power unityg, trociors,
implements and rachines ani re~ionsl o tions,

Power transmission - shafts ani drivin, devices - rulley drives -

fgears - chains arnd aprociets - ball znd roller vearings - bush and

shell type bezrines - ~aylirn - alererts,

iower units - internal combus'ionn #rc-ines - engine construction and
materials - en; ine operation - spark lonition encvines - comreasjion
ignition envines - coclin- systens - aelectrical equirrent - lucvricztion -

air sunply - routine an -ine nalntenance and nver .aqyl.

*Syllabus 4317 Asricultural 'echanics ~ertificate « cbtainible fron

City and Guilds of London Inetitut , 1% vortland :lace, london, w..l.




Traotors - general layout of main typas - clutches - gearboxes -

differential and final drive - ground drive equipment - brakes -
steering - hydraulic system - power take off and belt pulley - hitches.

ImpLements and macnines - ploughs - cultivating machinery - planting

squipment - fertiliser distributors - narvesting and processing
machinery and equipment - sprayers - pumps.

Regzional options - £rass cutting machinery - forage harvesting and

handling machinery - root narvesting machinery - dairy machinery.

3, Workshop processes and materials: this section is sub-divided into
materials, processes, metal working and welding and repair work and
machining processes.

Materials - general yroperties - uses - review of metals in relation
to repair processes - plastics - corrosion = special steels and other
alloys.

Processes - fitting - measurement - identification of materials - hand
tools - marking out work = soldering - sheet metal work - machining.

Metal working and welding - bending, twisting, upsetting and drawing

down - oxy acetylene and arc welding - bronze welding - building up
worn parts.

Repair work - further manipulation of sheet metal and thin plate for
repair - 1ntegrated exercises involving all processes on repair jotrs
- manufacture of simple assemblies - electrical wiring.

Machining processes - principles of metal cutting - lathe operation -

jigs and templates - portable power hand tools.

4, Related studiea: this section provides the theoretical background
which should aid the understanding and application of the practical

sections of the course. It is divided into calculations, heat,

mechanics, electricity and aketchin,s and drawing.
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