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Foraword

On May 2524, 1978, a special ternationa! conference on “Agricultursl Technology
for Devidoping Nations: Farm Mechanization Alternatives for 1-10 Hectare Fanmns.”
was held on the eampus of the Univesity of Ilinois at Urbana-Champaign, ‘The
conferetice was sponsored by the American Soeetcty of Agricultura Engineers, the
fnterfaith Center on Corporate Responsibitity, and the Universitv of [lineis at
Urbana-Champaign. The program was made possible by a grant from Deere &
Clompany.

The purpose of the conference was to provide concerned people with information
ahout the oppertunities and problems associated with farm mechanization as ene
element for relieving the food shortage in developing nations. Attentisn was given
te tle socipeconomic issues involved with agricuitural technology transfer, and to
the engineeting and marketing problems <pecifically asseclated with swadl-farm
technology.

‘Fhis conference on alternatives for farm mechanization for developing vations was
the first of ity kind to be funded by a mudticationn] corporation. From threnghout
the world, peeple of different backgrounds were brought together, to e change
ideas about the global problew of hew to increase farm production through necha-
nization.

The idea for the conference resulted frotm a stockholders’ resolution prepared by
& group representing the American Haptist Cliurches, This group had expressed the
beltief that Deeve & Company could do more to provide farm mechanization for
developing nations than it had been doing, and the resolution, in essence, asked for
a shift in the Company's priorities. Though the resolution was rejected by stock-
holders at a 1976 meeting, the officers of the Company felt that the issue of farm
mechanization in developing nations deserved further exploration -— hence the fund-
ing of this conference. -

Llo-directers of the conference planning commiitee were Rov E. Harrington (Amer-
ican Society of Agricultural Engineers), Product Planning Department, Deere &
Company, Moline, Illinois, and J. Terry Iversen, Head, Continuing Education in
Enternational Affairs, University of Hlinois at Urbana-Champaign, Urbana, lineis.
Cormittee membery included Robert Bents, University of Illinois Cooperative Fx-
tenvion Service, Urbana, Minels; W, 1. Huddemeier, Divector, International Agri-
eultural Programs, and Associite Dean, College of Agticulturn, Univewsity of llineis
at UrbunaaChampadgn, Urbang, Hlinois; Lyle G. Reeser {American Seciety of Agri-
cultural Engineers) , Caterpitlar Amerieas Co., Peoria, [llinois: Maetha Savio (Inters
faith Center v Corporate Responsibility), National Ministries, American Baptist
Churches, Valley Forge, Pennsylvania,

v




Roy E. Harrington of Deere
- & Company, Moline, lilinois,
and co-director of the con-
- ference planning committee,
“'greeis registrants before the
- farmal opening of the con-
" ference. Parlicipants halped
“themselves from an array of
“timely publicotions provided
by various corporations,
agencies, and educational
ingtitutions,




Introduction of Program

ROY E (43RRINGTON

Product Fianner, Deeve & Company
Moline, Hlinois

It i a real theitl o welcome this kige audience wath
such a broad spectrum of backgrounds and interests.
Geographically, we have representatives from Korea,
Japan, Philippines, 8ri Lanka. India. Pakistan, Bangia-
desh, Iran, and Svyria in Asia; Somalia, South Africa,
Malawi, Nigeria, Ivory Coast, and Cameroon in Afriea;
Peru, Argentina, and Mexico 1z Latin America; plus
representatives from Yugeslavia, Austria, West Gevmany,
Canaca, and the United States. There is also a broad
coverage of variows disciplines, including economics, en-
gineering, agronomy, banking, business management, his-
tory, political science, psychology, theology, and farming.

In preparing the invitation list, members of the plan-
ning coramittee included four major groups which we
Felt have had and will continue to have a major influence
on farm mechanization in developing nations. We have
attendants from eight wmultinational farm equipment
companies and nine firns specializing in low-cost farm
equipment. There are seven developmental agencies with
a worldwide base and eight that are related to the
United States government. Seven universities are repre-
sented from the state of Illinois and 18 from other states,
ranging from New York to California. In the social ac.
tion area, we have representatives from {4 church-related
groups and 9 groups not church-comected. With such a
diverse audience, one of the hest opportunities each

participant has for benefiting from the conference is to
exchange wdeas with other attendants.

The subtitie of our conference is “Farm Mechaniza-
tion Alternatives for 1-10 Hectare Farms.” We chose
this particular range of farm sizes hecause it accounts
for most of the lar-d and produces mest of the food in
the developing notions of Asia and Afriea. While many
farmers of 1-14 hectare farms have chonged their agn-
cultural technelogy with improved seeds and fertilizer,
they generally have not changed the mechanization of
their field eperasions. However, in India, where pumpsets
are economically feasible and previde a good return on
investment fer farms of this size, enough farmers have
adepted mechanized pumpsets to hrigate an area of
land equal to the total irrigated acreage in the United
States.

Our program will begin with a broad look at agricul-
tural technology. It will include a look at a package
approach to food preduction, and it will consider some
of the problems of transferring agricultural technology to
developing nations. Some of the socioeconomic aspects
of farm mechanization will be examined, after which five
speakers will focus on specific alternatives for [arm mech-
apization. As the program unfolds, it should become
eviclent that the best solutions to these challenging prob-
lems will require the best efTorts and cooperation of each
person and each group represented lere.



Befare presenting the first canference speakar,
Martha Savie of Mational Ministries of e
American Baptict Churehes doscribed the dia-
logue between multingtonal corporations and
social action groups which precipitated the
idea for the conference, Never before had o
multinational corporation provided the funds
for an internakional meeting on alternatives
for farm mechanization in developing nations,

Staff members from the University of lilinois, Office of Continuing Education ir International
Aflaies, assist new arrivals ot the registratien desk. Mere than 230 cftended the confer-
en¢e, including representutives of eight multinational farm equipment compenies, aine firms
specializing in low-cost farm equipment, fifteen developmental agencies, twenty-five univer-
sities. and tweniy-theee social action groups.




I would like to give vou a little background on how this
conference came to be. Some of you know that those
in chevge of moking investments for the various church
badies have been actively involved for the last eight yems
in menitoring same of the policies of the corporations
represented in their investment portfolios. Currently the
companies that are most likely to be at issue are these
doing business in South Africa. You also have read, no
doubt, about shareholders who have heen questioning
company policies at annual rmeetings.

But there is another realm of chureh activity that takes
place in private, in the headquarters of corporations
around this country. Two years ago, the American Bap-
tist Board of National Ministries began conversations
with Deere & Company on the question of apprepriate
technology. We prepared a shareholders’ resolution at
that time, which way specifically aimed at asking that
appropriate technelagies be developed for raising crops
in countries where small farmers remain productive. By
Securities and Exchange Commission standards, the
sharcholder resolution failed. The conversations with
Deere & Company continued, however, and this con-
ference that we are beginning today is a follow-up ta
- that original cencern. We do not elaim that the concern
- -was ours alone. It was certainly the concern of Deere &
i Company as well, and certainly it was the concern of
. many agricultural economisis.

" Thus Deere & Company decided to fund this seminar
. and bring together the spomoring organizations — the
- American Seciety of Agricultural Engineers, the Inter-
.. faith Center on Corporate Responsibility, and the Uni-

Intraduction of Keynote Speaker
MARTHA SAVIO
Director, Social and Ethical Responsibility in Investiments

Natienal Ministries of the American Baptist Churches
Valley Forge, Pennsylvania

versity of Illinois at Urbana-Champaign - - for an ex-
change of ideas. The actual planning process for the
conference began last Decewher and representatives
irom those groups have met thinsughout the intervening
maonths. We have met in Moline in the middle of bliz-
zards; we met here in Champaign-Urbana a couple of
weeks ago in early May when it was beautiful. We had
a good time planning the conference; there was greny
cooperation ameng all ef the groups, and we are de-
lighted with the turnout hiere. As Ray Harrington said,
four groups were invited - four diverse groups-—and
we all pooled names for invitations, and we are delighted
that there is such diverse representation and from so
inany parts of the world.

In askiag people to come to this conference, therefore,
we hoped to present various viewpoints and a range of
opinion en what is apprepriate technology and what fac-
tors need to be considered in employing it. We also
needed one person as a keynote speaker who could pro-
vide broad background for all of us, including those of
us who are not experts in the field. Dr. Samar Sen has
24 years of experience in tha field of agricultural eco-
nomics, beginning with eight years as an agricultural
economist. Fhe next eight years were spent in the broud
area of economic planning, followed by eight years with,
the World Bank in financial development and investment
banking in India, Sri Lanka, and Bangladesh. Dr. Sen
just returned last month to New Delhi where he is now
working with the Branch Commission, studying world
trade and development policies and evaluating interna.
tional financial institutions.




The keynote speaker, Samar R. Jea of NMew
Delhi, lndia, sets the tene of the confer
enca: “The long-term solution of the world
{ood problem musk be scught in improving
the productive capacity of the farms in the
faod-deficit regions.”” While recognizing
the many obstacies fo suceess, he was
optimistic: “Thenks te medern reseurch,
many of the technologies, which formerly
seemed suvitable for big farms only, can
now be adapted \o the needs of the smatl
farms.”’

At the reception preceding the banguet and open-
ing sessien, participants mingle with old friends and
moke now acquaintancas. Twenty-three countries
were reprasanted, including nine from Asia, six from
Africa, three fram Latin America, three from Europe,
and Canada and the United States,




Agricultural Technology for Increased Food Production
in Developing Nations: Problems and Opportunities

SAMAR R, SEN

Former Executive Divector, International Bank for Reconstrnetion and Development
New Dethi, India

& availuble projections of popudation, per cupita ine
LA couie, and dermand for Foad on the one hand, and
production angd inarketable surplus of food on the other,
tend to present a large and growing eap insofar as the
developing countries are concerned.

There are. no doubt, substandal vartations betwesn
cifferent penjections, particularly in regard te regional
estimates, but these variations do not negate the main
conclusinn that the pap is likely to be very serious and
progressively wider in the remaining vears of this cen-
tury, unless welb-planned and detetinined corrective ue-
tion & taken wrgently by all concerned, at the various
levels from the local farmer right up to the international
EORMUntY.

According te one of the more conservative estimates,
the global gap between fond production and demand is
likely to be 3 million wns by 1985 and pregressively
iarger thereafrer. if presens trends ave allowed to eons
tinue. The gap is likely to be wibstantially wider if one
considers only the food-d: egions of the world.
Further. in most of these « farms are relatively
small. less than 10 hectares in size, employing a large
mumber of people who have very few alternative soutces
of employment amd income. If food is produced else-
where and is imported inte these food-deficit regions.
it is fikely te accentuate the problems of payment and
uneraployment,

tnadeguaucy of Aid or Trade

Matching the global demand and supply situation may
not wem unduly diffieult i wiew of the rapid and
sustatned improvement in food production, processing,
and marketing that has oecurred - thanks to progres
sive research and development and continuous improve-
ment in technology — in ihe developed countries and in
some modernized enclaves of the developing countries.

But it is not enough to have global balance. It is im-
portant to ensure that imbalances existing at the regional
and local levels are effectively erased by extending im-
proved productive capacity, purchasing power, and
distribution facilities to all people who need foad.

Temporary shortages may no doubt be met by provid-

iy foodd on o donation or eosy eredit basia, Bt it will
be anly a pallictive measare and not a long-term solu-
tiot. Fhe pojected need for food is o great and the
purchasing power of the people needing it is ton inade-
quate to be met by aid or by t=ade.

The long-term solution of the world food problem
must, therefore, be sought in timproving the productive
eapacity of the farms in the food-deficit regions. But, s
mentionsd earfier. the bulk of these farms are small
averaging less than 10 hectares. and much of the modern
technology that is readily availuble in the developed
vountries i prima facie vither unsuitable for or bevond
the reach of such farms.

One ohvious solution, of course, is to combine 2 num-
ber of small farms to form o bigger, and more viable,
unit. But that would create not only serious political
preblems but also an acute econemic problem of unem-
ployment, at least for a fairly Jong transition period, in
many of these regions. In addition, many of the develop-
ing countries apparently are unprepared for such action,
Apart from political and social considerations, the per-
ceived benafits do not appear to them to be worth the
perceived costs,

Area Neutral Technoelogy

Fortunately a considerable part of the modern tech-
nology i either area neutral or can be made area neutral
with certain adaptations. although some of it may origi-
nally have evolved in the context of relatively big farms.
Some examples are photosynthesis, getietic modification
of plant materials, biological nitrogen fixation, fertilizer
utifization and nutrent absorption, chemical growth
regulators, alleviation of environmental stresses, pest
control, improved water use and irrigation, multiple- and
inter-cropping, land improvement, no-tillage cultivation
or other tillage economy, controlled: environment agri-
culture, nutrient film technology, by-product utilization,
waste mimimization, and improved animal fertility,
breeding, nutrition, and heaith,

If purposive research and development effort is con-
centrated on these technologies, many of them can he
applied to small farms to a much greater extent than




they are today. Prima facie, biological and chemicai
technologies appear be more applicable to small
farms than wre mechanical technologies. But, thanks
o modern research, many of the mechanical technolo-
gies, which formerly seemed suitable for big farms only,
can now be adapted to the needs of the small farus,

Custom Work or Equipment Rental

Some technology that s not area neutral in {self may
be made available w small farms through operational
arrangements such as custom work or rental or hire
purchase. 1o fact, renting a relatively large piece of
equipment for a limited period may sometimes be sig-
nificantly more efficient and economicad for a small farm
than owning a small version of it. Schemes for promot-
ing the use of custom work and rental or hire purchase of
costly equipment have not vet been given the attention
they deserve in most developing countries. A few coun-
tries have experimented with a chain of machine-tractor
stations while others have tried cooperative service unirs,
An important shortcoming of these has been the bureau-
cratic system and the tack of ﬂntol‘priw and flexibility, In
other countries, efforts by private enterprise have been
rather haphazard and isolated.

There is a need for careful analysis of all these
efforts. Perhaps providing o greater degree of autonomy
in management of the tractor stations, and a kind of
franchise arrangement for the cooperatives backed by
fargeseale equipment manufacturers, coupled with a
closer relationship with credit institutions in both, may
help cotrect many of the shortcomings,

The availability of timely and adequate credit com-
bined with insurance, especinlly for hire purchase, is in-
deed a key te the development of most small farms., 1 do
not mean cheap credit, but timely and adequate credit.
_When one contrasts the ease with which the purchaser of
Can’ :mwmeblle obtaing insurance and credit in a de-
ve:loped country, and the difficulty foced by the pur.
'_"ihawr of an agricultural lmptt‘ﬂl(‘ﬂt in abtaining these
- wservices fnoa de\elcpmg country, ene can vasily under-
- grand why the farmg in the latter ure os backward as they
-are today.

. Alorg with rental or hire purchase of equipment, it i
- important that adequate servicing, spare parts supply,
and repair facilities should also be provided, preferably
by the same agency. If some of the large-scale agricul
- tural machinery manufacturers had taken the same care
to study local needs and provide the supportive services
in rural areas of developing countries that some auto-
mobile and petrochemical manufacturers have used in
the urban areas of developing countries, modernization
.of small farms might have oceurred much faster than
“ithas.up to the present time.

Labor and Capital inteasive Technology

Tt is rather conunon these davs o contrast nbor in-
tensive anch capital intensive methads when one con-
siders smadl farms. The buportant point, however, is that
there need be no contradiction hetween these two methe
ads. In fact, both kabor and capital may piay a very
useful complementary role in overcoming the basic
scarcity of the third factor, namely, land, that the small
farmer faces. Intensive application of labor on a scarce
lanct unit sdoubtedly helps o increase its vield, But it
does not by dtselfl improve the productivity or wage of
lubar: this can oceur only when intensive use of capital
accompanies intensive use of labor in such a way that
vields per unit of both land and Iabor increase. so that
every increase in food production is accompanied by an
increase in per capita income of the worker also.

If incrersed production helps reduce the food deficit,
increased income helps woderniae agriculture, The twa
together then ensure that the objective of wmeeting the
food deficit by improving the praductivity of the small
farm s no longer a one-time operation but becomes a
enntinuous process, as it were,

In other words, the basie defieic acy of land that a
snall farm faces must be overcome by intensive use of
hoth labor and capital - suppleinented, of cousse, by
relevant knowledge of improved farming methods, Tt is
the lack of this relatively simple but strangely elusive
perception that has often misled the policy makers and
planners in many a developing countey,

In some countries it was felt that the small size of the
farm was an inhibiting factor in itself. An attempt was
therefore mude either to eollectivize these farms or re-
place them by largescale eapitalistic fauns or planta-
tions. Tn a number of cases this no deubt increased the
marketable surplus, but in most cases it did not improve
the yield per acre. In some cases it ereated a problem of
surplus labor which could not be quickly absorbed in
other sectors of the cconomy, and this had its social cost,

In certain other countries, it was felt that increased
yvield per acre of simall farms was possible by intensive
use of labor alone 3o that whatever capital was avails
able could be conveniently diverned to industria! and
other nonagricultueal uses. The result was usually
short spurt in ageicultural output but not a sustained
process of agricultural development.

It is important that the error of both these approaches
is clearly recognized. Agriculture, no less than industry,
needs progressively intensive use of capital. Intensive use
of manpower can certainly help but it cannot substitute
for capital except for a shert period. For a progressive
modernization of agriculture, which is essential for a
sustained, as distinct from temporary, solution of the food
gar there has te be an intensive use of buth labor and




capital in the millions of small farms in the food-deficit
and labor-surplus regions of the world.

Intensive use of labor will be helpful for the adoption
of the many biological and chemical innovations which
mod-rn science has made or is about to make available
to us. But ircensive use of capital will be needed to get
the best results out of this etfort, This v i include the
provision of the degree of mechanization wiat is required
for optimum efficiency of available labor, and for pro-
gressive improvement in its remuneration.

The bulk of this capital may be used by the individual
farmer in the form of unproved seeds, better and lmger
applications of plant food, water, and pesticides, items
of small equipment, and so on. But a part may also be
needed for providing the service of heavy equipment on
a cooperative or customn basis, in instances where small
equipment is inefficient or inadequate.

The Need for Capital

How mueh capital is likely to be needed? 1t has been
roughly estimated that, if 45 million tons of additional
food grains are to be produced by 1983 in the foed-
deficit, developing countries, the total capital require-
ment may be of the order of $20 to $30 bifhen at 1975
prices. Part of it will be needed for additional and im-
proved inputs, mainly biolegical and chemical, and part
for beuter land and water vse, including mechanieal de-
vices. But if this amount of eapital is focused on produc-
tion of 43 million tons of food graing alone, we may miss
our other main objective - namely, initintion of a sus-
tained process thaut would progrewively modernize the
lotig-run productive capacity of the millions of small
farms.

The latter obiective will be realized only if this
amount of capital is used in such & manner that the smali
farmer is both induced and cnabled to use progressively
improving teclinology on a continuous basis. This in-
volves adequate research and development to provide
the technelogy and the appropriate extersinn, eredit,
supply, und marketing services that will move the farmer
to give up his old ways and adopt a course of sustained
moedernimtion.

I the requisite biological and chemical technology
is to be fully complemented by appropriate mechanical
technology, it is possible that the overall capital require-
ment may increase by another $4 to $5 billion. But that
would be a worthwhile investment if it makes for a pro-
gressive and lasting modernization of agriculture in the
years ahead.

The size of a farm rced no longer be the inhibiting
factor that it was in the past. In fact, a hali-hectare
- farm using what is called “nutrient film technology”

can produce per annum as much as a 4 to 7-hectare

farm uwsing conventional wehnolozy. But this represents
a very high degree of substitution of land by both capital
and labor. Whether it will be economical will depend
upon several factors, including the pature of the product
and relative cost of the varvious elerments of production.

Barriers Against Modernization

Althougli it ts technologically possible today for small
farms to produce very high yields per hectare, and in
some cases it also may be economically justifiable, there
is still the guestion of why small farms are not being
modernized faster than they have been in the recent
past. The answer lies in the various technological, eco-
nomic, institational, and social barriers that usually
must be faced.

If the optimum use of a given technology, which is
area neutral, is dependent on the use of another tech-
nelogy, which is not se, it may pose special preblems for
the small farmers, Tn such instances the solution lies in
providing the latter 1echnology, il possible, en a eustom
basis by the private sector or an a collective basis by the
public sector.

If the prefit margin is not large enough or the per-
ceived risk is too great, small farmers may net adopt a
desirable innovation. Measures such as efficient market-
ing services, price or income supports, supervised credit,
and evop or livestock insurance may go a long way in
reducing this kind of barrier. Measures such as enclosure
or consolidation of holdings, abolition of intermediaries,
and granting perinanent tenancy or ownership rights on
land to the farmers are likely to overcome many of the
institutional barriers.

Provision of effective and imaginative nonformal ed-
ucntion epportunities, extension services closely sup-
ported by research and feedback arrangements, and
greater geographical and social mobility is likely to re-
duce many of the cultural and social barriers. These
barriers may vary widely from area to area and from
one stage of development to another. It will therefore
be useful 1o orient research toward target groups or
areas, te identify the specific harriers that inhibit adop-
tion of a new technology or product, and then find ways
and means of overcoming them.

Mutually Supportive Innovations

Technological and institutional innovations often are
rot only complementary but mutuaily supportive. The
rather naive notion that without drastic institutional
reforms, no worthwhile technological progress is pos-
sible, or vice versa, has sometimes made political au-
thorities take drastic measures that were unnecessary or
even counterproductive. Parallel introduction of tech-
nological and institutional inr ~vations in a strategic




manner may in fact canse the one to prepare the ground
for the other,

The fear that mechunical innovetions may create
unemployment dates from the time of the so-called
Luddites and must be dealt with as a ruatter of practical
politics. Tt must be conceded that a considerable amount
of labor may become surplus if machines are intvoduced
sudldenty. on a large scale, and without adequate safe-
suards for the transitional period. But all labor-saving
machines need not create net wnemployment, and [ un-
derline “net.” 1F they make possible maore intensive use
of biological and chemieal innovations there weed be
ne net unemploviment. The divect loss of employment
may be wore than offset by un indirect gain e employ-
ment. Further, many modern mechanical devices help
make the labor less irksome and more productive instead
of making it redundant,

The Japunese Example

Most agrieultural impletnents in the United States
have been developed 1w meet the ceguivements of big
fartns, whereas in Japan, and also Talwan and Korea,
they have been desiened to serve the needs of small
farms. In most of the developing countries, it is the
Japanese pattern of agricultural mechanization that i
likely to prove more wefel Onee the barviers are over-
cerme aned the ground i prepared for the Japanese form
of mechanization, an unprecedented oepportunity is likely
te open up for the fann machinery industey in most of
the developing countries.

For instance, in my own country of India alone there
are over 60 million farms that are below [0 hectares in
size. At present most of these depend en animal power.
Not only do these animals consume products that other-
wise might be useful w human beings. but the animal
power i net always the mest apprepriate for making
intensive use of the many highly preductive biological
and chemical innovations that are now available,

indian autherities have so far deliberately given lower

priority to favm wechanization lest 3 add w the country's
sertous unemployrent problan. 1 is not that authorities
are utawire of the loss o productivity that this has
entailed, but, in the trade-oft between employment and
productivity, they have deliberately chosen employment.

If it can be demonstrated that a judicious combina-
tion of biological, chemical, and mechanical ipnovations
can enhance both productivity and emaployment and
thiat this can be achieved without undue transitional difhi-
culties, there is no reason why they should nm change
their policies.

What is true of India is true of a fmnber of other
countries in the developing world, especially in South
Asia and Africa. Tt is for the knowledgeable people at
all levels - international. national, and local — to indi-
cate the possibilities, identify the difliculties, and initiate
programs of study and demoenstration that would carry
conviction to the governments and farmers alike in these
developing countries,

[t s important w remember that i response and prog-
ress in regard to the modernization of anall faems have
varied widely from urea to area or group to group, it has
not been accidental or endrely irvational. Tt usually has
been caused by specific factors, and the identitication of
these factars on an area or group busis is o very impeor-
tant first step toward change at the grass roots level. The
next step is carelul consideration. at apprepriate higher
levels, as to what must be done 10 overcome the factors
that hinder and protnote those that will advance the
process of modernization. This is by no means an easy
task. Censiderably more eifort and resources must be
invested for this purpose than have been spent so far,

This conference will serve a useful purpose if it can
clarify the kind of action that is needed at various levels
- iy government, in academia, and in industry - and
mobilize public support for it. The small-farm sector is
a very important element of the world economy, Onee
it is set on the path of progressive modernizuion, the
restilt is Hkely te be benelicial for the ather sectors also.




Senc There are variows wavs of doieg this. Bt b by b
means ab easy sk Theve ave, as 1 have wentioned,
eeonemic, eehnologieal, and cudtural problems iwolved,
But this has been done, In o collective way, they have
sought 1o do i, and bave doue it to some estent, in
mainkand China, fnoa private enterprise wivy, they have
done it in Japan and Tabwan and, In o conbination of
he two, they have dene it in Paedub v fadia, So it s
not impossible. The point is thar what can be done will
depescd on the social, pelitical, wal econsie milien,
Ak as | osadd, theve is no vomplete stswer. We have to
sty e pacticedar idea fn relution to o pactivalar wees,
What arve the main barviets to progress! What are the
rwadn bacviers to the adoption of medern technigues !
Once you kiow whin the main obstucles are, you then
have to find out wavs of overcoming theu. Mainlaud
China has done 1t one way, Japan has done it another
way, and in Punjsh it kas been done still another way,
Now, comning to bndin you have o ask this guestion. [n
alt of Tndia vou have the same central vovernment, the
sarve planning procedure, and the same fivld of office,
whether vour like it or pot. Bue stll, how b it thae in
parte of Punjab there hos been ax much good progress
as e any other part of the world, while 300 milee away,
in eastern Uittar Pradesh, there has been ne progres?

Ensteadt of asking a naive question, whether this or that
eat b can not be done i o particntar political or wdimin-
tteative miliew, vou have w go deeper. You will tind
thak there are basie economic, wciological, cultural, and
ather obetacles, Neow, where it Tas bren pessible to tackle
these obstacles, progress has been made. ag [ said, in
Panjub, 1t hus ot been made in costern Uttar Praddesh.
within 500 miles, bocause the obstacles have hot hees
tuckled. And there iv the muin ditference: progress is
net inpossible, but the effort has not been made in the
right sanner, [e i not so mouck o guestion of everall
prortiey - whether it is socialisig, capitalisim, laisserfaire,
o governtment of private enterprise = you will fud
something has been dene in Ching and in Japon, sewe-
thing has heen done in Puajab, sotaething has not been
done in Madhya Pradesh, The point is tlist verv olten
we are taght thal we ean have o see prograns. set pelicy,
set preseription, but that is not the case. One character-
fstic of development is whether 5 country is or is not
homogeneous. The more developed a country becomes,
the more bomogeneity. for & certain set of policies oper-
ates more or less everywhere. But, charactedstically, un-
derclevelopmient s heterogenvous, To tackle a problem.
you have to study specific groups, find eut the special
difficulties, an:d take special measures to overcotne them,
Where this has been done, the policy has worked: where
it hias not been done, the policy has not worked,
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EEXRovrke s As vou teied o evaluate what technology
Boappropriate for o Phied World conntey, surely the
abitity of that county to sustain that technology st
be consicered. Phis becones especially acnie when some
of the techuaology o fnancial assistanee s granted 1o
the Thicd World country by agenvies, governient op
privite, i the Fivst World countsy in initinting the pro-
grae, And therefore. §fear. many of the technologies
1 live seen o the Thitd Work! look great the fisst three
or four veurs of their operation: but retaen 1 veass later
asnd s adl wone, Has that probdein been o et of vour
vorsideration and. i s, do vou have ativ conauents?

SEx:
evervwhere, as | wentioned i the exanple of Punjab,

This s very true, But i i goet necessarily true
in tudia, and eastern Uttar Pradesh Ress than 5300 miles
away, Fhe problear is, i a particular agriendtaral or so-
cial miliew s theve, well then, what vou are putting in
there Js an ipnevation, so prepare the grouad for i
Coronnel is prepared stuge by stage, vou seet then you get
sustadned progress, Aned i ehe grouad s not prepared
vest puat inosonething exotic, then i doesi's work, siply
becae there Is tet e o adapt, Theeefare the -
portant thing is to study the example, and propose it
stepr by stepr and see what the local peaple can sustain
sl abserve themselves, There is adl this great outside
hedp but the owside help should not be needed Tor Wl
titne to come. Hovou give o mon o ceuiel and tell hin
thiat the crutele must be wed for @l thae, then he will
not watk on his two legs, T shiould be explained that the
cruteh is only tepoerary, s that sooner or later hie must
be made to walk oo his own legs, The erateh should be
taken away.

Aut that is the busic philosophy which is very -
tant 6o reaembier, as [ osaid, Forgetting the rest of the
world, take loadia — e sume government, eflicient o
inefficient: the same policies, geod or bad; the sape
plans, woad or bad ¢ the sune administeation systen, good
or budd, Well, things have worked in some parts, things
fave not worked b other parte, Whe? That {s the busie
question to ask, At if that kind of study is dotie, area by
area, group by group, and cffarts are made to find the
reason, then it will work, And if this is not done, if we
just prescribe the sine edicine for everyone, then we
will B that the medicine will work in some cases and
not work in othets.

L. £ Searen: I'm interested in the possible role of co-
operative fanuing. Whit's your view on it and its ability
to bring high technology to the small farmer in the Third
World, wherever he may be located?




sun: My feelings and my experience of cosperation are
mixed. Cooperation has worked fnsote aveas, and Tas
not worked in others, And [ think for certaiu purposes.
copperation werks: for certain other purposes, coopera-
tion doesa’t work, And where you lind that cooperation,
pasticularly in regard to farming, has worked, it has been
o arveas wheve theve has been compudsion vather than
caopetation. In Russia, collective fars are called co-
aperative Farms. Cooperation has worked in farning in
Tsrael but theve is a special art, u special idealogy, and
there are speciad condidons that may not be possible to
rrpeat everywhere, On the other hand. cooperative ser-
vieing and cooperative marketing have worked in many
places. Wherever cooperation can work, well, certwinly
we should give it priority. It should be wied. But 1 feel
that if it is in the field of cooperative marketing, cooper-
ative credit, or cooperative servicing, that gives it a bettey
seape. Se far as cooperative farming i concerned, I'm
a little dubious, It is not that it bas nor worked - co-
aperative farming has worked in Brael, i has worked in
praste of che sortalistie cowntuies, but theve the cosapulsion
ay be provided by either government ar by the society,

R. € Muter: You've indicated that there are many
types of development and certainly we have ohserved
vore of the great work that the people of the Peace
Corpy have done and left — poultey projecis going on
for years, und training and developing prople. As you
ek at mechanismtion. and that's what we've talking
ahout here at this conference. what is the value of poing
e sotne of these countries andd showing them how to
buid their own equiptnent. creating those jobs to main-
tain them and to carey on. and te feel that it is theirs?
Is there a place for this kind of development?

Sex: Theee is vertainly scope for this kind of woek: i
I Felt that there was no scope. | would not have come
brere. ot the peint is it is not an easy thing o do. This
kit of thing can be done more easily upder certain situe
ations, and nat se easily i cortaln others, Why is this so?
Well, there afe certain sociological, cultural, nnd avo-
nomic reasons, and therefore, although techmology by
tself i Empertant, technology by irself is not enough. You
have to develop the technelogy in order o use it, but you
alse have to look into the socivlogical, economic, and
institutional factors, and trv w see what can be accepted,
what can be sustained. Then vou will succeed. Other-
wise, as a do-gooder vou go and bring some equipment,
tell people that you bave donated this eguipment. now go
ahead, T will show you how to do it But it doesn't work,
But if, as I said, there is & combination of technologicai
research and sociological and economic research, if we
try to find out what the obsiacles are and try, step hy

stefr b remove theme then there s certaialy hope. And
b think there i o grent hiope, | don’t beliee that we can
solve either the food problem or the popnation problew
by merely repeating the old methods and weehnology.
nwevely exherting people to work havder ned hant It
may lead to a onetinee inerease in production 1y
alleviate the prehlem for w short time, but voo o oot
establish the process of modernization wherein lies the
solution af this basic problea,

MO G Siuce your talk was introdueed as the over
view for the conference. 1 think it's ay propriate o ask
for vour reaction to at least twe aspecs of the broader
social and economic context in which this kind of mecha-
nization or introduction of technology would find itself.
In regard to the focus of your remarks, what significance,
i any. o vou think they have, even i the most suceess-
Ful applicatian of the kinds of principles vow've spoken
of, in the abseace of seriows land reform wnd sevious re-
discribution of wenlth?

Sex: Land reform and redistribation of wealth are cer-
tainly important, and certainly help. And in cestain situ-
ations. if you don't have lnd vefonn of o certain kind. a
winimum fand reforin perhaps, no maderpteation is pos-
sible. But it is not necessury o go from ohe extreme to
the other. There are all kinds of situations in which some
jreogress is possible. In some situations o drastic Jand
reform inay be necessary in the shape of colleetivization,
as i Russin or China, In some cases, perlisps ownership
of land has to be by the tiller. In other cases perhaps
even that is not necessary if financing is possibie — even
for a short time may be suflicient. Now. there can be
arions kinds of land reform, 1f there is the old feudal-
jsm with absentee landlordism, where one man tills the
fand and the other merely exp’ its him, no progress is
possifile, Fhat kind of feudalistic land sysiem has to be
broken if any technelogical progress iy to be made. But
16 intraduece improved wehnologies, there may be difler-
ent kinda of land reform, the socialistic or the eapitalistic
kind. and sometimes reforiming the htuinciad systemn nay
produce a vertain amount of result, Sometimes giving
owtiership of the land to the tiller may be sufficient.
Sometimes a certain amount of cooperation may have to
be introduced. And this will differ in application from
area to area.

I don't accept the view that either you have wholesale,
100 nercent, institutional reform or you will have no
progress. My view is this: that as instiutional reform
helps technelogical progress, similarly technological prog-
ress also triggers institutional reform. And the institution
preferred and the technology preferred — well, if this
van be brought ahout step by step, then one sometimes




stimulates the other. And | think that in this way, some-
times vou have found in the history of the world tha
powerful technological forces have brought about insti-
tutional reforms. In other cases. institutional reforin was
necessary before technological veform could take place.
[ think there may be countres where theve s feudalisn,
and where little progress is possible unless theve s some
drastic institutional reform. But it is possible that numy
countries have reached the stage today, thar perhaps did
not exist 20 vears back, wheve, side by side and step by
step. technological and insticutional veform may suppost
each other. and may lead to progress.

D. Msnrr: My country, Nigeria. i one of hose de-
veloping nations that needs the higher wechnological de-
velopment, ageiculturally, Bat, in Nigeria about 90 per-
vent of the farmers are not able even to read or write
5o if we want to present such high technology o them,
how will it be possible?

Sex: Felucation iv cortainly very tupertant. But | make
a ehistivction between litevacy —- the ability te reud and
wiite - ancd education. In my part of the world there
i Burrma, where 90 percent of the peuple are literate.
Fhere are refiglous schools, small but good, and 90 pee-
cent of the peaple eun read and write, And vet there
has been mitimal technological progress, Agricaluire has
not progressed at all, "They kaow how to read and write,
hut this education has been more or less veligions, e
ary, arct att that, and it Gs Bot belbed them w acguire
techuological skitls, On the other hand you have Punjab.
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where literacy is only 30 percent and most of the fanuers.
wiany of thery, are illiterae, They have gone 1w the ammy
anel mot some skills, but pot education. They are not
literate, bus they have got education through fuformal
wmeans, throngh extension and other means, Aud, al-
though to be able to vead and write has certainly helped
those whe have had more education, some of these
illiterate farmers have been much more progressive tech-
nologically than the farmers i Buria where the major-
ity are literate.

That s why | make a distinction between education
and Ereracy, Certainly theve i< a weed for education, Bat
before we began this emphasis on literacy, there was edu-
cation: in the classival period, in the Middie Ages. the
people did not know how 1o read and write bui they got
education through word of mouth. Now. in modera times
we can certainly provide them with education, and if we
can provide them with liweracy @ will certaduly jnevease
their efliciency. But we need not wait for oll that 1o
happen. [ we think we must ediwcate of make Fweraw
adl the people in Nigeria before any progress s made,
then it will be H0 vears before anything cun be done. To-
day we need not wait 30 vears. With radio, television,
and extension methads, we can provide formal education.
it is possible to commsnicate with people and to educate
jreaple in the sense that we distinguish between literacy
and education. And [ subiit tiat moders companica-
tion methods have given us means so that, even if the
spreast of lieracy ke more time, we can educate peo-
ple more quickly, And I think we should concentrate on
that effere.
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L Terry iversen of the Univarsity of lilincis, co-director of the confer-
ence planning commitice, makes some announcements ond outlines
plans for the nexut dey's 1essions.

Presiding over the first of lwo panel discussions is Eard D. Kellogg,
University of illinois et Urbana-Champaign. Four specialisis spoke on
varicus aspects of “'The Sociceconomic Impact of Farm Mecheniza-
tion in Developing MNatiens.” The ensving discussion revealed the
consensus of the audience: The answer to providing cppropricte
technolegy for developing nations lies in udapting modern technol-
ogy to the available jand, lubor, capital, and political and socia
conditions of the countries involved.

W




Speaking from years of experience in agrizultural
economics and international development programs,
Douglas Ensminger of the University of Missouri
recommended three distinet, yet interrelatec, peo-
gram pockages for enhaacing aroductivity of small
tarms: lund use and tillage praclices, technological
inputs, and institytional services. But, he cautioned,
“Without relioble institutions committed 1o serving
the needs of small farmers, the technological pack-
age will have litile chance of reuching the farmers.””

During o break for refreshments the discussion continues.
Sociologists, engineers, economists, church warkers, eor-
poralion executives, and educators exchanged ideas and
opinions — perhaps differing in concept or methad, but
united in their commiiment te meeling the food needs of

all people throughout the world.



Panel Discussion

The Socioeconomic Impact of Farm Mechanization
in Developing Nations

Intcoduction

EARL D. KELLOGG

Associate Professor of Agricultural Economics
University of Winois
Urbana, Hiinois

We will begin this panel discussion with a set of mini-
papers. as they have been called, that relaze to the
whole question of the secial and economic impact of
farm mechanizgation. We do know. of course, that the
effects of farm mechanization are not only felt by the
individual farmer and bis family. but the ramifications
of it eccur at the farm firm wnic tevel as well ax at more
aggregative levels. Taday, in talking about the social and
econemic impact. we are going to be looking at what
some have calied the poackage appreach to agricultural
development, and then we will distcuss some of the smali-
scale equipment that has been developed partieularly
with Astan agriculture in mind,

But first, however, since we have given this conference
the tide of “Farm Mechanization Alernatives for the
1-10 Hectare Farm,” it might be nice to know what part
of the world’s farnt community iy covered by that “1-10
hectare farm” designution. Various data show the great
number of units and the large area of ¢rop land ac-
counted for. worldwide, by the 1=10 heetare farm. Ad-
mittedly. the accuracy of these data may be open 1o wome
question because the igures are taken from census pub-

lications of the respective countries. This Kind of infor-
mation is often inxcrurate in some sense because it is
very difficult to collect in some counties. In addition,
we do not have complete coverage of all the continents,
only selected countries from each, and il we had included
some larger rountries, such ns Nigerin in Africn and the
Peaple’s Republic of China in Asia, the numbers would
be guite different.

In regurd to the percentage distribution of the total
number of holdings, by size of heldings, the 1.-10 hectare
farms account for a large percentage of all holdivgs in
Asia, South America, and Africa, and especially in Asia
and Africa. A large percentage of the farms are under
ane hectare in size, in terms of number of holdings, in
certain countries, but the percentage of towl crop land
represented by fanns under osie hectare is, of course,
much smailer, particularly in Asin,

It is evident that we are talking about a major part of
world agrieulture when we talk about farms in the 1-10
hectare sice. With this background, the papers that fol-
Tow will deal with four aspects of the seviceconomic el
fects of mechanization on these snil) farms,



he merits of farm mechanization in low-income
countries cannot be judged merel on data from
“pilot” applications to a minority of farms or to limited
areas. Wide application may have effects in the aggre-
gate that are quite different from what appears in the
limited environment of a few farms er a small region,
when the larger environment i still that of nonmecha-
nized agriculture.

The central macro-economic problem in mechanizing
low-income agriculture is that of capital supply - a
quantity prablem. Capital in agriculture must always be
in some reasonable proportion te the size of the indusury
and its eutput. In low-invome agriculture this is com-
pounded by the general scarcity of capital in low-income
countries, and by the terms-of-trade between capital and
tabor when laber is in excess suppiv.

A further complication in agriculture arises from the
limitations upen demand, known as Engel's law: as per
capita incomes rise, the demand for food rises slower than
dees per capita income (1), ‘This Hmitation is lessened
in countries that have very good prospects for expanding
agricultural exports; but such countries, by the inherent
logic of the situation, are a minority in the world. Mast
countries produce the bulk of their own food, and in
most of them net exports as well as net imports represent
a minor fraction of the food grown in the country. Non-
foed preducts also ave generally a minor fraction of all
agrieuhural praduction.

Because of Engel's law. growth of agricultural produe-
tien is generally rot rapid. This is modified by the rate
of growih of the population, but a rapid pepulation
growth rate in o low-<intome courtry also tends to worsen
the general resource searcity. ‘The stimulus to agricullure
from this side is thus counteracted by the sharpened con-
straints on capital supply, leading to a sfuggish rate of
growth in per capita income.

The influence of Engel's law upen agriculral growth
can be charted with considerable confidence. This is be-
cause empirical data show that the income-reiated de-
mand for food is virtually the same the world over (2).
This universal Engel function allows us to estirnate some
consequences of both population growth and economic
growth. With a given rate of increase in population, a
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given level of per capita income, and a given rate of
increase in per capita income, increases in total demand
for food ran be estimated, and hence the rate of growth
in the agricultural sector can also be estimated. These
estimates depend, among other things. on certain more
or less constant propertions between the size of the whole
econotay and the size of agriculture’s Jinkages with the
rest of the economy - backward linkages o input-supply
industries and forward linkages to food processing and
marketing activities.

Empirically it has been shown that. in market econ-
omies, agriculture’s external inputs {the production goods
farmers buy from other rectors of the economy) amount
o about 3 percemt nnnually of the country’s national
product == independently of time. place, and level of per
capita product; and that the share of food processing
and marketing comes to about 8 to 9 percent of the
national product, again rather independently of time,
place, and level of per capita national product (3).
These constant relations have heen named the Siman-
tov constants, afier the scholur who discovered them.
These constants apply in market ecouomies but not al-
ways in planned economies such as that of the Soviet
Union.

Murkets and Use of Resources

New it can be shown that the Simantov consiants are
consequences of the shape which the universal Engel
function happens to have (1). It is logical to eonelude
that these constants reflect some of the discipline which
the markets exercise over the use of resources, When the
constants are violated to some large extent, as in the
central planning of communist countries, this leads 1o
more expensive production {5). The same is true in
matket economies in which the promotion of a high rate
of capital use in agriculture leads to proportions other
than what is consistent with the demand function for
foed.

Simply expressed, the first Simantov constant (3 per-
cent of national product as external inputs to agricui-
ture) reftects a level of external costs which agriculiure
(a} will need in order to deliver the goods o fill the
demand for food, and {b) can recoup out of the food




prices without unduly raising the prices for farm prod-
ucts. The same level is also what the whele econemy can
spare for use in agriculture and is able to pay for through
the prices for food. Increasing the use of external inputs
much above the 3 percent of the national preduct tends
to push agriculture toward excess production which is
followed by falling prices of agricultural products. Such
falling prices soon force farmers to reduce their purchases
of external inputs until excess production is curbed and
the prices of their preducts again rise to a level that can
pay for the external inputs as well as agricalture’s own,
internal factors of preduction ({land, labor, and farm-
owned capital}. In the meanthne, and for as long as the
oversupply of external inputs to agriculture continues
{rmaybe subsidizod by exchange rates or special credit
arrangements), the nonagricultural sectors experience a
worsened scarcity of capital goods needed for their ex-
pansion. The bardware that goes into farming cannet at
the same time go into factories. The sum of havdware is
limited, and rspecially w6 in low-income countries whether
they impert it or make it themselves. Such eapital starva-
tion of the nonagricultural sectors slows the rate of eco-
nomi¢ growth, in the nenagricultural sectors and in the
ecanomy as a whole. Consequently the tatal demand for
food grows more slowly. which is particularly unfortunate
when agricultural products are in excess supply because
of teo many external inputs going te agriculture,

Overcapitalizing agriculture is therefore a self-defeat-
ing strategy — it hurts the agricultural sectors and the
economy as a whele. Undercapitalizing agriculture pro-
duces all thie opposite consequences - undersupply of
food. rising domestic food prices and pressure to use for-
eign exchange to import food when foreign exchange is
needed to import inputs te both industey and agriculture,
Fhis hurts the whole economy, both its agrieultural and
nenagricultural sectors. The consequences eould be simi-
lar when seavce funds are allocated the wrong wov -— for
example, labor-saving machines are acquired when fer
titizers ave necded for lavger output.

The first Simantov constant thus reflects a twolold
constraint on the cconomy and its agricultural sector.
Agriculture should have about 3 percent of the national
product as external inputs — not much more, and not
much less either. This leads to the question of how this
limited *“‘cake” should be divided for best results, among
the inputs that are {(or may be) competing for limited
funds. We must discuss the effects which each group of
inputs has on production, on productisity, or on both,
and we must discuss the rationale of increasing either
production or productivity, as well as the meaning of
the latter concept.
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The Use of External Inputs
Increased use of external inputs in agriculture may
serve four basic purposes, singly or in combination:
{a) larger owput, (b} better quality of output, (c) re-
duced risk, and (<) substitute for labor or land, or bod..
Using external inputs to obtain a larger output is ra-
tional on two conditions: that there is a ready market
for the added output, and that the same, or an equiva-
leat, result eannat be abtained by mare intensive use of
lshor and land. More intensive use of labor is sometimes
but not always., possible «- for land elearance and land
improvements, for increased intensity in the use of land
as in double-cropping, more intensive hand tillage, in-
creased “recycling velecity,” and so0 on.' The scope for
such labor intensive development depends, among other
things, on the degree of underempioyment in the coun-
try’s agriculture and on a variety of geographical lactors,
Et is evident that if the objective is more output, em-
phasis in the use of external inputs must be on fertilizers
and agricultueal chemicals (6). Mechanization seldom
cantributes much to the level of crap yields, except in
the lorm of pumps foi itrigation. To sonie extent mecha-
nization can contnbuie © lager output by providing
speedier tillagr needed for double-cropping, but this has
twe limitations. [t does not hold where the labor surplus
is very large (high level of underemployment), and
where the crvop sequences are truly polycultural, with
sevetal different crops having different time schedules.
‘The argument for mechanization as a help to larger out-
put holds mainly where there are certain fixed two-crop
sequences (such as the wheat-votton sequence in Faki-
stian) or where mechanization can be made so compre-
hensive that draft animals can be dispensed with alro-
gether, freeing the land that fed the draft stock and
thereby saving 10 to 20 percent of the crop land. This
should be least important in South America, because the
region lias vast areas of potential erop lnnd nat presently
in use and hecause this is where low-income agriculture
is the most highly meechanized. Loand saving should be of
greatest importance in Asia, but here its importance
ought t0 be reduced through the Green Revolution
which, by higher crop yields, relaxes the land shortage,
making draft animals more acceptable yet for some time
to come.
Higher quality of output is sometimes desirable also
in low-income countries, and generally the more so as
agriculture becomes more commercialized. kt is charac-

' “Recycling velocity” refers to the rate at which the same plant
fo:d enters the food chain again and again through recovery of
veop, animal, and human wastes. The techniques of recovery,
and the rates of double- or multiple=cropping of the same lamd
in the course of a year, will affect recycling velocity. This path
toward agricultural expansion has been important in mainland
China in recent decades.




teristic that the agricultural machines that were fist
adopted  widely in fate nineteenth century Furope
threshing machines and milk centrifuges - were in this
ategory, Threshing machines can be driven by huwman
or anital labor, so the wechaniztion arguiment coes
down to substitution of fuel for muscle.

Safeuarding the output against risks of loss or deteri
oration can alsoe be fairly important even in low<dncome
but with a ciearly distinguishable wade-off
against cost. Many of the crop risks that can be redueed
by mechanization hinge upon harvest weather, which
often is less critical in the tropics than in temperate
countries.

conntri

Substitution for labor has been the most important
gain from mechenization in the high-itcome countries.
Cleatly the trade-off depends very much on the relative
prices of labor versus capital (inchuding fuel). Since the
price of labor is lgely a function of per capita income?
the trudesofl s generally unfavorable (based on realistic
pricing) in low<income countries and tends o improve
geaduadly with sising income levels, Rising fuel prices
since 1973 may cause some renssesstent of the fuel/
tabor trade-off even in high-income countries, and houkd
do even more so on lower levels of per capita incatne,

Private and Social Effects

These conclusions sometimes appear to he contradicted
by the economic experience of farmees whoe have feund
wechaniztion profitable — in many countries, from Ar-
gerting to the Punjab in Fodia and Pakistan. It is neces-
sary, therefore, to remember the differences between
productivity and fate of return in private weottant and
i soctul account.” ' ST

Private rates of return are sometimes affected Ly spe-

ciab pricing arvangements - for exarple, by manipula-
tion of exchange vtes or foreign credit® Peoductivity in
private account often dilters a good deal froin produc.

tivity it sacial aceount because of the way unemployed
ar utideremployed people are treated. Private firns et
erally do not suppoet the unemployed - ouly the uneler-
stnploved, if they are members of the farmee's family or
extetdedd fumily group. ‘o the labor-hire farmer, a sav-
ing on the labor bill becomes a real saving in private
account. In social account the samne is true only to the
extent that the workers displaced by mechanization find
other work, Such is sometimes the case locally but it
does not huppen across the hoaed, for whole countries,
fActually the price of farw labor tends to rise soanewhat faster
than the average per capita income in the countey, because the
degree of farwenonfarm income disparity tends to lessen as the
geneval inconie fevel rises, CL Folke Doveing, Problems of Man-
poteer in Agriculture, OEGD Documentation in Food and Agri-
culture 67, Paris (Dec. 1974),

*See (6), cspecially the chapter on Fakistan by Carl Gotsch,

novative farmers and progressive farming regions

sometines use mechanization o expand their produe-
tion vigorously, which will then also create employmen
in apricalture. Bue it this were to happen in the country
as i wholes or du sote Targe part of it the resalt would
be ovepsupply of form products and fulling werms-of-
tiade for these products, as mentioned above,

in net soctd wecount, premature farm mechanization
o g farge seale woulkd tead o higher costs of production
and Galling read productivity, The cost of nwehatization
i added but e cost of displiced {now imewplovedh
kibor cannot be subtracted - these people st lve
somechow. They will either be charges of organized wel-
fare, as in high-income countries, or be charses of rela-
tives, neighbors, or emplovers of retainers, as is more
comunon in tow-income countries. America has experi-
enced the south-tonorth migration of workers displaced
by the mechunization of conon farming on large estates,
with wmnistakable consequences for wellure and other
mettens toucling the appregate econony, Retainer vm-
ployinent in many low-incotne countrios often serves
maidnly to protect the emplovers against the dangers of
the unemployed: wch practices becote o built-in drag
on praductivity developiment in the counory, and a dis-
guise for part of the unemploynzent,

Praductivity in privite acconnt becomies a eriterion
for economic planning maindy when factor supplies are
in balunce. and specitically when there i8 no large un-
emplovment or underemployment. As long as unemploy-
ment is itmportant, productivity in social account requires
full employment of factors raiher than sing production
inputs of high praductivity in private acconnt,

These observations make it possible 1o chart a rational
forecust of when various types of capiial ought to be-
eome important in ene country or another, In general,
heavy mechanization of recurrent favm aperations should
watit until substitation of machines for labor (and dralt
animals) becomes rational on groundy of costs and re-
turns in social account and on grounds of capital supply
in that country, It is noteworthy that *wractorization™ of
agricubture in Europe {excepting England and Sweden)
did not begin tn earnest until the 1950s, .

In the meantine, mechanical power in agriculiure can
still felfill some important functions even in low-income
countries, One is for nonrecurrent operations requiring
greater power than peasant fanns can muster: jand
clearance and leveling, digeing the main canals for irri-
gation and drainage, and “subsoiling” by deep plowing,
Another, already mentioned, is motorized pumps lor irri-
gation - - here the difference in effiviency against hand
or aniiil khor is often so large that substitution makes
sense even on fairly low levels of income. A third cate-
gory is in small tactors for peasant agriculture, specifi-




cally in land-scarce areas but also where idle seasons are
very long so that draft animals become a heavy over-
head cost.

Other than that, the low-incame countries will need
to concentrate what heavy hardware they can afford en
developing industry and infrastructure, with large-scale
water control works as a category serving both agricul-
ture and other sectors. Bulldozers, excavators, dump
trucks, and s¢ on, are needed in building roads, dams,
factories, and housing construction, and for equipping
factories and transportation outfits for their vital tasks
in econovnic growth and development.

To maintain such a rational growth of capital use in
a low-income economy, sinall farms are better suited
than large ones, for the small farmers do not experience
the same pressure to substitute capital for labor; no one
wants to mechanize himself out ¢f his job. Large farms

are in fact the Jeast econumical, in social account, in the
use of scarce capital and underemployed labor. Land
reform countries generally exhibit a better record of a
resource use that is rational in social account. This makes
it all the more essential that the true needs of small
farms, in terms of what capita! they should have, be
clearly recognized and efficiently served.
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The Social Consequences of Mechanization
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Sevem! experiences that [ have had over the past few
years have added to my concern about the problens
that even the simplest kind of substitution of machinery
for labor might have in some less developed countries.
but one experience sticks in my mind particulardy.
It was on a hot day last January, the middle of the
dry season, and corn picking had been finished a month
previously in the shadow of the Usulutan voleane in Ll
Salvador, the most densely settled country in Latin
America. This is the country’s cotton belt in lower alti-
tudes but corn i raised at these higher reaches. At Santa
Caralina, a fledgling production cooperstive with 46
merbers, the Gulf of Jiquilisce to the Pacifie could he
seen at the southern horin. The cooperative, T was
told, would tally modest profits this year after all income
was adiled up and expenses were subteacted.
I asked members what they would do with these
funds. Buy a machine-powered com sheller. they said.
A tour around the harvess area showed why. They were
paving each of four outdiders - nopmembers of the co-
operative - gix U.S. cents per sack to band-power a
rented manual sheller, Rent was only §2.50 a day, bat
to shell out their 8,000 quintal harvest wounld take about
$300 in machine rent alone, and 2 self~powered simple
sheller would cast - they caloutated = abeut §250. The
ea-op: couded find ne bank to advance them the money
against the coming harvest, so thelr first priority was 1o
- make o purchase when they had their ewn earnings in
“hand.
- The declsion wus o rational ane an the part of the
0<0p members, but ununswered questions still bother nie,
Mot relevant o eur present concerns was, what would

happen to the four men who spent from dawn to dusk

taking tutns at turning the crank? Would they get a
- bewer job or become unemployed? Given the order of
--unemployment i E! Salvador, a pessimistic answer is the
© mare realistic.

Half & world away from this scene, Collier et al. (1}
docutntent another case of o seemingly innocuous chiange
in technology and its social impacts. In parts of Indo-
nesia, by tradition, large numbers purticipate in harvest.

| ing ‘rice; as many as 500 persons per hectare have been

‘recorded. Harvesters are mainly women and they tracli-
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tionally use a small hand knife. the ani-ani @ do the
work. Landlords traditionally have paid the harvesters
i predetenmined fraction of the bundles harvested. de-
pending on the worker’s sociveconomic status, relation-
ship to landowner, and amount harvested. By long-stand-
ing custom the system leads to a wide distribution of
the harvest,

The ani-ani, with which the rice stalks are cut indi-
vidually, is now being replaced by the sickle, which cuts
several rice stelhs in one stroke. With the ant-ant. 200 or
more man«days ave needed to havest ane hectare: with
siekies, the same amount s harvested using only about
75 man-davs. Since fewer harvesters are needed. fewer
neople reap any benefits of the harvest.

Technical change in these sitions s thus o poweiful
force for sacial change. And in the absence of job alter-
natives, its adoption decides which people work or den’t
wark, eat or go hungry. The choices were never as tough
for us in the Enited States during our early history, We
worked. We ate. And we need to keep in mind that,
while the corn sheller and the sickle are examples of
some very minor changes in technology. mwajor changes
—-such as the intreduction of large tractors and heavy
implements - are just as characteristic in seme areas
of the developing countries today.

This is imporian: for discussion here because there s
probahly only ane practical way to fight the stark battle
againet poverty in the developing countries — that s,
with employment. And there is no surer way to plunge
people into poverty than by denving them jobs.

Questions of Lend Tenure

Bath El Salvador and Java sutfer from overpopulation,
but there is another characteristic that unifies them. Both
of these agticultural socivties are organized in o hieravchi-
cal manner. Landlords make most of the decisions (such
a5 whether or not to adopt technology} and workers sim-
ply accept the consequences. Tall them highly stratified
societies if vou will. T suggest that in highly stratified
countrics, understanding land tenure patterns is essential
to assessing the differential impact that technology may
have. Tn unimodal or more uniform societies there is
less to understand,




Said somewhat differently, land tenure i & manifesta-
tion of seciety and class in some countiles. This, 1 hy-
pothesize, is not the case currently in the developed
countries, but it is certainly true in many contemporary
countries of the Third and Fourth Worlds.

After a certain thresheld point in development, tenure
systems appear to become rather unimportant: land
simply responds to market forces as another economic
factor of production and tells us little about social class
or stratification. In the United States, for example, we
long ago departed from the Jeifersonian egalitarianism
that was reflected in the tenure system originally estab-
fished when the West was being settled and the United
States was underdeveloped. The combined effect of gen-
eraily plentiful jobs in the industrial sector, expensive
fabor, cheap capitzl. and refatively inexpensive food was
to enlarge family farms. In the last decade, farms that
could be operated by one family have hecome very large,
are highly eapitalized, and ofien involve owner-rental
teaure patterns. But we eannot say that as farms grew
larger, & new elite appeared. Tnstead, the farmer became
more surely ancther element in an ever more homage-
nesus middla class.

The elites in the Enited States were nearly always a
snanifestation or outgrowth of the industrial or service
sectors. In contrast, most very large farmers operate with
continuing low-profit margins. The Mill-Marshallian
trzadmaill with costsaving innovation leading to lower
farm prices and ever larger farms came to prevail. That
is, early adopters got high profits before the vast majority
came to use the technology. whereupon price and profit
dropped for all. and small farmers went to work in town
as machinery on bigger farms replaced them.

Our land tenure system now has little to do with the
egalitarian ideas upon which it was based. It worked it-
self out the way neoclassical equilibrinm medels say it
will, and, with a caveat here and there, U.S. farming is
probably ns good an example of pure competition as a
capitalistic system can provide anywhere. A new wrinkle
today is the rate at which farm families have been giving
up entirely and, in vome sections of the country. corpora-
tism at the producer level is becoming a more important
tenure form. Whatever their ownership structure, most
remaintng US. farms are large and highly capital in-
tensive.

This is a far cry from the situations prevailing in most
developing countries where land is 2 factor of produc-
tion, but not a very manipulable one hecause jt is much
morve than that. &t is a reflection of society and its
> classes (2.

As a general and oversimplified rule, countries in Latin
America and Asia represent tenure and societal systems
that are quite highly stratified. Although any one s: 2ty

may have multiple systems, one system is wsually domi-
nant {3). In Latin America the highiy steatified lati-
fundio-minifundio (large estate-smedl farm) system is
usually dominant, bat in moest countries — mainly in
pockets of isolation —- there is the egalitarianism of the
wribal Indian. In Asia there seems to be a siratified class
struettire in which tenure patterns are reflected as surely
as in Latin America. Look at the plantations of Malaysin,
Sri Lanka, Assam. the Philippines. and so on. Look at the
landlord-meneylender-tenant relationship spread widely
in mast of South and Southeast Asia --- sven in Java -
where we see in micracosm the kind of patron-client rela-
tionship so common in Latin America.

It is widely recognived that land tenure systems have
important political repercussions and the least egalitarian
ones seem 10 require ever more repressive forces 1o keep
nation-states from pulling apart at the seams. The rea-
sons are not hard to find. If resources such as land are
distributed inequitably, incomes are also. And even where
the average per capita incomes are rising, the incames
of the lower hall of recipients may he dropping relative
to the upper 50 pereent. Some groups at the bottom may
have declining absolute incontes even as the mean in-
come of the eronomy as a whele rises. While we eannot
say that this inequality in overall income distribution is
due enly to marked cluss differentiation stemming from
tenure inequality in agriculture, the evidence points in
this direction because resouress there are so inequitably
distributed and agriculture bulks so large in national
income acceunis.

Technology and income Distribution

It is disturbing to note that, even in those countries
of the Third World where technical change is taking
place most rapidly and gross national product is rising
most appreciabiy, all indications are that the distribution
of income is becoming more skewed with time. Perhaps
we should not be surprised, however. These are also the
countries that are most hierarchical, most stratified. The
2.6 percent rate of economic growth of Latin America
between 1950 and 1975 — resulting in a doubling of
mean income — is most impressive, but there are fairly
good indications that a substantial number of people
within that population have not benefited at all. One
study estimates that the lower 60 percent of the popula-
tion is relatively worse off than two decades ago and the
bottotn 10 or 20 percent may even have lower absolute
incomes (4).

The story covers more than Latin America, however.
When the International Labor Organization constructed
a market-basket poverty line based on a nutritional stan-
dard in four states of India, Bangladesh, Malaysia, and
the Philippines, it found that in most cases the percent-




age of the rural population below this indicator ineveased
in the 1960s. In the Phifippines, from 1931957 1o
P70 1971 the bottom twe decites of fucotne receivers
suftered a decline in real eome. nosral Egypto veal
wages have been fabling and the proportion of howses
holils dependent on wages for w Jivelibood s been
vising (B).
This is not an armenent against econemic growth -
far frora it In those few comntries in which average
income fell i the past quarter-centiry, the absolude
sitation was wouse for pearly everyone, But i is o e
raincer that grow th by itself, given the wial strueture
3_2 :r:n in :Z:«. Eﬁ,_:x:ﬁ countries, “has lefy u great
?_ﬁ.r. ?.:E,a as ¢ onoturc dropouts, o mr..:.,::,
non that is unique it history, One suspects that there
iy besome irony i all of this: it may be that tw
technology required for economde growth, or that is per-
ceived as being neeessary {or economic growth, is dis-
__r_ ae job holdiess to an enacceptable desres. One thing
i certain: policy-makers must serutingze the of the
mackine process much more cavefufly fn thie futeee tan
they ever did in the past, if they have any concern at ull
for the poie who most depend on o wage oe selfaploy-
ment with minimal resonrees to sarvive.
“‘Fhe idew that techinology hos power for both good aud
it is hardly new or fresh. [t was analyzed by social siden-
tists even before Dickens populasized it for the Western
world, ut what the Industeinl Revolution. in Englangd
(auet i the United States, for that twatter) did sot luwe
wis highly labor-displucing, borrowed tes hoology sugper-
o The
monotony. dradgery, and exploitasion of the factory
worker became well known, but we did not then have,
to any appreciable extent, the phenowenon of @ less
developed world of millions upon mitlions of voiceless
workers whe taday seern to find o niche in the interstices
of the middies and upper-class population and whu, for
the time being at least, sulfer quietly. Even our Girea
Depression was nat comnparable, becanse it unt only of-
fectedd the lower classes but alee the bighly vecal middle
atiel upper elastes
Clayton (6) matotains i “the revent effects of thi
[technology| in many countries have been to inctease
incotee inequality and unemployment and thus. in the
absence of specifically designed policies, to deprive small
farmers {partly or wholly) of the economis benetits of
mechanization.”

e

E%sﬁi ont a targe and ¢ —?;_m growing libor fowe.

Ts this an exaggeration or does a chain of neo-Luddite
reasoning lead to it? 1 think nat, and would like to pose
several [airly stuple reasons why agricultural me
iton might lead to unemployment that is especially s
in stratified societies, {Were there time, we could go

whuniza-

riots

0o
-4

theough sty repsoning o stune whiv wban ewployv.

et does not sasily absorb migenns from rural arcas)

f. At the farn level, most Kinds of technical change,
uch as the adoption of tacwes, laege,
Qatnpy” investment. Phis B imother way of saving tha
traetog pital, reach the fowest poing e thieie long-
vah averige cost curve a faiche high levels of ouiput
fund acreuse), Further, sinee collsteral s needed 0 obe
taint louns to buy ther, tractors are bevend the reach of
wiost uniided, unortitized pesant operio

.,»J-:.m...:_

HF Lvger vormmmerciad fanness i the vountty chouse e !
actopt teactors, which they e doing. they may well di
plwe wige balor,
fubor and migrane bor in the tirst round may attecy
sl acreage farmers i die second round. This aecen-
tuates the dualism of the economy, for as one group
grows richer. another Lalls Guther behind, Over time,
the increased food supplivs wiay lower comodity maked
prices, with the pesubt s sl fanners are Tikedy 10 e
absodurely worse off i eome ey s result of hi
hig-fann blas, OF cowrse, thore way be a0 ner welfare
Benefit o saciety from lower feod prices for urban von-
suners, depending on the extea of monapaly in the
murket {(which is likely w b great)

20 casherent and L:.:,‘.."..:._. favtners  previously
watked lund with their Baitied fabor and o battock,
waetors iy well wrvive when higheyielding  videties
and the pecompinying input packigges make some vrap
fur more profuable thian others, In this event, Tamdloads
wiay evict tenants i order ta captare the newly found
gains of a more jrolitable aniicultne,

This anemplovient of vesideat fam

To eluborate tuse points brictly, the most divect wayf
that ineome distribstion can be abfected by vew techmol-
ogy is 3 raral workers  who already crowd the low end
of the spectrum of incomesreceivers in most developing
countries - lose their johis or bave even less craployvien
than presently becanse of it

Whither Hue mechanization displaces workers seet
depend sorewhat on which constelltion of the following
(remeshnustive wel iterrelivted T list of factons i found
and hiow it is changing over e {a) which crop i
grown {some e more amenable o the maching proce
than others) ; (b diversity of farming program fallowed:
(c) kit and amount of minchinery and in which prace
it is wsed or comes to be used s (d) whether double-

tei pattern of Land tenure and

tices
croppiny s practived:
presence of tenants. oveasional fabor sesident far fabor.
and se on.

The reason mechanization seens o accompany the
introtluction of highevielding varieties is that government

poticy may, for one reason or another, enciourage it Re-
garedless of the countrywide situation. regional of seasonal




labor scarcities are common - - or landlords may perceive
a scarcity even when ane does nat prevail. Labor, after
all, must be dealt with in o personal manner lest it go
on strike or in other ways disrupt the harvest. Whatever
the reason, many governments have adepted a eredit
program or differential exchange rates which encourage
mechanization of agriculture. Frequently a Figher mini-
mum wage also is intrvoduced which, even if badly ad-
ministered, tends to provide further impetus 1o mecha-
nization and to have a negative effect on employment.
The chain of events is likely to be cumulative and
when ane opesation - seeding, for instance - is mecha-
nized and the power source hecomes available at the
farm in the form of a tractor, it will be relatively inex-
pensive to mechanize other farm operations. The cest of
adding implements is probably marginal when the invest-
ment in a tractor has alveady been made. In this instance,
even if the firsc vound produces increased labor use,
second-round effects will probably be adverse.

Sodial Effecis of Mechanization

All the evidence is not in on the social disruption which
mechaniation causes, but that which is does not reas-
sure us. One authoritative study by Abercrombie (7)
concludes that mechanization has crented substantial
rural unemployment and increased rural inequality in
Latin Ameriea. He admiis, however, that:
The principal effect of mechanization on the level of agrien!
tural production is achicved through 1the expansien of the cul-
tivated area that it makes pwible. . .. But the most important
aspect is the much greatee speediness of mechanized land prep-
aration. This iy crucinl in overcoming the seasonal faber short-
ages that eccur even in labor-urplus cconomies, for example
in arid areas where enly s limited time is available for land
preparation and in trepival areay where multiple-cropping is
powible, provided the lana con he prepared quickly for the
next crop. . . . The direct effect of mechantaation in yields per
hectare is much smaller.

In social mattors, Abercromble continuen:

“. . . althaugh mechanization rales the productivity of laber, in
the conditions prevailing in most Latin Amerleun eountries its
benefits have gone mainly 1o well the profs and rems of the
largte landlords and the woges of the few temetor drivers and
other machinery operatory, so thut it hos tended to have a
regressive effeet on income distribution which has been feht
not only in the agriculeiral sector as o whole but atse within
the kaboring class itsell. . . . it may be roughly estimated that
about three workers are displaced by each wactor in Chile,
and abotit four in Colombia and Guatemala.

Abercrombie concludes that, although data are insuffi-
cient, they do “show definitely that labor has been dis-
placed by mechanization, and that the displacement may
possibly have been very large. . . . a total of approximately
2.5 million jobs have been displaced by the tractors at

present in use in Latin American agricultwe.” All indi-
cations are that this is a conservative estimate {7},

Since Abercrombie’s data were collected, mechaniz-
tion in Latin American agriculture has eontinued apace.
In the late '%60s the countries with the most tractors
were Argentina (180,000), Beazil (100000}, and Mexice
{70,000}, Using 1973 data we find that tractor use from
that point increased about ¢ percent in Argentina, 150
percent in Brazl, and 100 percent in Mexico. Because
Brazil and Mexieo have far greater problems with agri-
enltural underemployment than Argenting, the implica-
tion is that if we accept Abercrombie’s conclusion based
on late 1960 data, the situation he describes is aggravated
today. Taking the 17 countries of Latin Ameriea for
which we have the 19685-1969 data reported by Aber-
crombie and the 1975 data reported by the Food and
Agriculture Organization (FAO), tractor use rose 52
perecent in the B-to<10-year period. 1f we wse the 26
countries & Latin America for which we have 1961
1965 data and compare them to the 1975 data, tractor
use rese abaut &4 percent (8) in the 10«t0-14-year peried.
Traetor use it outpacing growth of the available laber
force in fnrming.

Another study, by Binswanger (9), which painstak-

ingly examines a large number of herctofore largely un-
available empirical works over the recent pas. in the
Indian subeontinent, concludes:
That wactor farms generally do not have mueh less labor use
per heetare thun bullock farms does ot imply (it they are
not labor displacing. What counts je, first, thut the frequently
higher evels of output on tractor farms on aceount of their
better ¢ apitalization are generally preduced Ly equal amounts
or ever less labor. Second, even if the tractor investment left
employment unaffected we must count the foregone employ-
ment of not investing the ecapital into cmployment-creating
irrigation or cven nonagricultural investrients as an employ-
ment cost of tenctors.

Simply te argue that the weight of existing evidence
seemns to be on the side of thoze whe maintain that the
net effect of mechaniztion to date in developing coun-
tries is to ereate more unemployment and underemploy-
ment, is not to say that technological change eannot be
utilized in a more imaginative, socially beneficial manner
in the future. Tt does argue that the chance of social dis-
location in countries with a great amount of social strati-
fication is probably great and each step toward mecha-
nization may bring about unwanted social costy in the
form of unemployment. In some cases, governments can
make appropriate adjustments to exchange rates. And
machinery manufactucers themselves may be able to do
somiething to make the technology which they market
truly appropriate to the situation at hand.




Under what conditions wmight mechanization have a
subutary effect en cmployiuent*{ 1H0)

1. Jf wmechanization leads to greater land wse & may
increase employment. In some instances a frontiev may
exist on which a prosdtuctive agriculture could be estub-
lished, but a major effare with land-clearing equipient
st be undertaken, In others. speed of harvesting one
crap and putting anether into the ground requites such
short turnareund thne that mechanizstion decides be-
tween single- and double-cropping.

2. ¥ mechanization feadys to manpower relewe which
can be deployed to undertake other needed tasks within
the farm gate that will rewe family farm income, i wmay
raise labor productivity. If no outsiders are normally
empleyed and only family labor is utilized, substituting
a small hand tractor or mechanical cultivator — or even
a two~wheel rotary cultivater — for fabor may release
the time of family members for caring for additional
livestock, mmarket gardening, or more careful irvigation
than was possible previousty,

3. U the backward Hnkages to manufactaring are to
be found in the country rather than abroad, it may be

L. W, L. Collier, et al.. “Recent Chauges in Rice Har-
vesting Methods,” Hulletin of Indoncsian Economic
Studies 93643 {1973) ; end Rudolf Sinaga and
W. L. Collier. “Secial snd Regionol Trplicatine of
Agriculivial Development Poliey.” paper presesicd
at Sauth Fase Asian Agricufuiral Econotoies Aseeoin-
ton meeting, Balikpapan, Indonesta (Nov. 1975,
See also, W, L. Collier. “Agriculturad Evoluting in
Java: The Declise of Shared Poverty and Thuaiu-
tion,” background paper (mimeogeaphed), 1o
national Seminar en Agrarian Reform, Institutical
Tnnovation. and Rural Development (July 197},
Madisen, Wis,

2. Don Kanel in, Land Fenore in Latin America: ls-
sues and Gaves, ed, Peter [orer, pp. 31=35, Univer-
sity of Wiseonsin Press, Madison {1971) ; and Don
Kanel in, Preblems of Rural BDevelopment: Case
Studies and Multl-Disciplinary Perspectives, edy.
R, E. Dumett and L. J. Brainard, pp. 47-57, L. [.
Brifl, Leiden {1973).

3. J. E. Spencer, "Rudiments Toward the Development
of a System of Tenure in Land.” paper (mimeo-
graphed) given at the Fiftieth Anniversary of the
Department of Geography, University of Wisconsin-
Madison (May 1978).

4. Richard Weisskoff and Adolfo Figueroa, “Travers.

ing the Social Pyramid: A Comparative Review of

Incerne Bistribution in Latin America,” Latin Amer-

fcam oo areh Review 11{2) :71-112 (1976),

thad for veery jub divplaced B agricndtiee another o cre-
atee i incustey and in sercloe and madndonance activities
for cquipmernt. Argentina, Brazil, Mexice, and  Ludia
bave buile up fubl-tledeed vacwor nunufaciring indus-
tries, Ere siabler countries, animal draft equipinent fac.
tories or suntl wactor facories may pecforme o sinilar
function. The more the hinkages that sre reriiued within
the country, the greater the relevant employment impact
of the utilization of equipment,

Oune cauwtion: Tt is highly unlikely that all or even mest
of the [abor that is veleased frem apriculture will he
emploved by other agriculre-serving sectors, The agri-
cultural fabor force in the United States fell from more
than 10 millon in the 19205 to 1 willion in 1960, Dov-
ving +11) shows that “the industries and secvices supply-
ing farm requisites bave increased to such a degree that
they have been able to supply a vastly increased physical
volume of goods and services without using up any core-
spendingly increased portion of the pation'’s work foree”

+. I greater food and fiber production iv made pose
sible by wechanizarion, fowerd cmployment linkage
effects becane more frobable: in lurvesting. rural pro-
cessing, milling. weaving, and so on.
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The Package Approach to Agricultural Improvement
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n my presentation [ have selected as my target group
the small food-crop farmers throughout the develop-
ing countries whose farm lands are outside the ivrigated
areas and where the rains are uncertain and moisture is
uneven. These are the high-risk farmers and are gen-
erally referred to as subsistence farmers, for the main
poal of this group is wbsistence or survival. It is this
sector of agrieulire that was ignored by the colonial
powers and until recently has been given litile attention
by the governmeuts in the developing countries of the
world.

It is the small, subsistence, food-crop farmers whe offer
the petential of meeting basic foad needs of most of the
developing countries. This is the grouwp of farmers whose
leve! of living nwst rise if there is u: be a meaningful
improvement in the quality of life of all the people.

Around the would there are only a few vesearch insti-
tutianis that have foeused attention an the needs of the
small farmers engaged in food-crop production in the
rain-fed areas where the moisture supply is limited and
uncertain. What is interesting about this group is that
they have survived and functioned targely outside gov-
erniment policies and jnstitutions down through the ages.
“T'heir sense of secusity has been and still is in following
tke traditional practices fianded down from generation
to generation, and in looking to themselves. not to gov-
ernments and institutions, for the know.how and inputs.

Sinee accepting vesponsibility for preparing this paper,
I have visited Egypt. Niger, Upper Velta, Senegal, and
Tunisia, and in all of tese countries I was concerned
4 1o how to develop needed and appropriate technology
to meet the needs of the small subsistence farmers who
are outside the irrigated areas. One possibility is a pack-
age approach to e development of small-farm food-
crop agriculture. 1 see the need to develop three inters
related packages which, when put together, will become
a food-crop agricultural development program, or a
package program for small farms. These three distinet,
vet interdependent, program packages are: land use and
tillage practices, technological inputs, and institutional
services —. which T will briefly describe.

Lond Use and Titlage Practices

If you have seen as much barren soil throughout the
Third World countries as I have, and if vou accept the
critical role of moisture in plaat growth. you are already
persuaded that the starting point in putting together a
package program for food-crop production is to answer
twao smaestions. First, given the soil textwre, the moisture
availnble for a given crop season, and the climate (lue-
tmavien-. what crops will make the best use of the mois-
ture and provide the greatest security for the farmers?
Second, what dllage practices will promote maxituum
absorption and retention of rainfall for plane growth,
and minimize water and wind erosion? {Tillage, ns used
heve, covers the entire process of plowing, seedbed prep-
araticn, seeding, and cultivation to keep down weedy.)

Only painstaking research can answer these two ques.
tions and provide the technelogy for tillage practices.
Thus, research is the first step in providing the tillage
technology that is appropriste for arid and semi-arid
agriculture, and it must assume a position of prominence
in the research institutions of the developing countries.
Without first knowing what tillage practices will con-
serve water and soil, the technological inputs lack their
full potential, and soil and water and wind erosion will
continue.

Present tilinge practices keep the soil bare and exposed
to wind and rain erosion in the semi-arid areas of the
world. At a result, desertification in now in advanced
stages in vast areas of the world. ‘The esearch to pro-
vide tlie technelogy to halt this process should focus on
waintaining 8 surface residue to permit the water to
enter the soil and be retained for plant growth, therehy
minimizing s0il erosion from wind and water. Research
is also needed for developing alternatives to the present
practices of deep plowing for seedbed preparation and
cultivating to control weeds,

Mechanization must play a part in improving other
tillage practices. Seed and fertitizer drills, both animal-
and tractor-drawn, must be developed for seeding wheat,
barley, oats, and the like. Research should provide a
better ailternative to the practice of broadcasting the




seed and fertilizer simultaneousty, which also feeds the
weeds and is wasieful of precious seed and fertilizer.

The objective of tillage research, then, should be to
develop the wechnology which, when applied. will pro.
vide for a tillage conservation system. And. it seerns to
me, it is the responsibility of those in the tield of wecha-
nization to provide the equipment that will make it pos-
sible to carry out this kind of program.

Technological Inputs

Today the world is caught up in a bhighoyielding-vari-
ety/fertiliver/water technolegy package which has had
wide application on the large and medinmesized s in
‘reigated areas. Since this package of inputs relies on
an assured water source for irrigation, it does not fit inte
sraall-farm agriculture i the ard and semi-arid areas
wheve it is high-risk technology. The farmers in the
serni-arid areas of the world know from experience that
within a fivesyear cvele they can count on two vears of
above-average rainfall, one vear of average rainfall, one
veur of near erop filure. and one vear of deought and
evop failure.

The technology inputs must be concerned with de-
veleping the piant varieties best suited to the arid and
semi-arid farmning aveas. Plant breeders, soll scientists,
plant pathologisty, entomologists, and agricultural engi-
neers will have to weork as a team. Varieties will be
needed that are disease~ and Insect-resistant, with roet
syaterns that penetrate the seil, providing for greater
adaptability te fluctuating and limited moisture.

Because of the importance of maintaining the mois-
ture in the soil for plant grewth, increased auention
shiould be given to adding herbicides for weed control to
avoiet the exposure of the il to the sun and wind that
aceurs in cultivation.

If the plants are to make maximum use of moisture
for growth, pesticides to control insects and disease must
find a place in the package of techunology inputs,

institutional Services

Without relinble institutions conmitted to serving the
aeeds of small farmers, the technological package witl
have little chance of reaching the fannes. One very
important role in the package is that of the institutions
and services whose work it is to minimize the farmer’s
risk in accepting the new technology. With lew excep-
tions, the existing institutions in the developing countries
that were created to serve export needs and large-farm
agricultnre are capable of being transformed to serve
the needs of the small farms.

Until a package of institutions and services can be
created to which the small farners can relate with st
and confidence, they will be slow to adopt the new tech-
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nology. Altogether, the effectiveness of the package pro-
gram is dependent on political comaninent, the people’s
participation, land and mstitutional reforms, and agei
cultural and rural development policies, especially in
refation to agricwitural prices wed allocation of mwan-
power and Gnance.

When [ was invited to present this paper, it was spe-
cifically requested that 1 (1) strte why the package
approach s particularly suitable for improving agricul-
ture it the developing countries: and {2 give my views
on how echanization can be included in the package
approach te fit specific situations.

There are three reasons why Iam an advocate of the
package approach for improving agricultural develop-
Enent.

First, the evidence is overwhelming that the piecemeal
approach followed for the past 30 years has contributed
tittle roward ehe developent of siall-fae agricultare,

Second, undl the eritival elements that contribule to
the development of a madernised agriculiure are pro-
vided for in an agvicubtural development program, small-
farm agricuiture will fadter, and the food-deficit nations
will expetience seciai and political tensions as govern-
ments fail to meet the people’s minimum food needs.

Third, with the experience of the past 30 years and
the changes that have occurred in institutions in the
develaping countries, and the presence today of more
compliant and experienced manpower, it is now pessible
to put togethar an integrated approach o agricultusal
development. 1F effectively implemented over the next
two decades, the package program approach ean stimu-
late centinuous and achievable progress in transforming
traditional, small-farn, subsistence ageiculture and move
it taward a modernized agriculture,

Action Is Needed Now

My travels through Africa during the pust two months,
and my haunting memeries of the plight of the small
fanmers throughowt the Indian subeentineat whe wait
for the monsoon rains, have convinced me that the tll-
age practices being followed in the diy-land areas of the
Third World eountries have completely disrupted na-
ture'’s balance.

Soil depletion leading to desertification will leave mil-
lions of rural people throughout the developizy countries
with no basis of survival if the process is not checked
within a decade. T'wo practices have contributed to the
destruction of the soil and, if continued, will transform
millions of acres into barren, unproductive land that will
succumb to desertification. These practices are (1) the
tillage practices that keep the soil bare and exposed to
wind and rain erosion: and (2} overurazing by cattle,
sheep, and goats.



Correcting the present soil-deteriorating tillage and
grazing practices will not wait for decades. The very exis-
tence of millions of people is involved. Without a soil
base and moisture to maintain plant growth, neither man
nor animal ¢an survive. I do not want to be an alavmist,
but 1 feel that the present tillage and grazing proctices
which have disrupted the balance of nature in the arid
and semi-arid regions of the world today represent a
greater threat (o the survival of man than overpopula-
tion. It is estimated that each vear 14 million acres of
land goes into desertification and is taken out of agri-
culture.

Now, my final comment as to how mechanization can
be included in the package approach to fit specific situa-
tions: Since mechunization has become synonymons with
motorized equipment, we need to dzfine the term. As
used here, mechanization encompasses the use of hand-
and animal-operated tools and implements as well as
motorized equipment.

Remember that, in setting the stage for wmy presenta.
tion, 1 identified my tavget group as the small, subsis.
tence, food-crop farmers in the dry-land farming areas
of the Third Werld countries. For this group of iarmers,
I think we have to accept that the primary sowrce of
energy for agriculture in the future will continue to be
animal power and human labor.

In my usage of mechanization, I include all impreved
hand tools and animal-drawn implemesits that contribute
to improved preparation of the seedbed, tiilage, weed
control, seeding, harvewting. and threshing. While I de
not rule out a place for engine power in small-farm sub-
sistence agriculture in the arid and semi-arid regions of
the world, 1 think the record shows that the use of trac-
tor power for deep plowing has contributed greatly to
keeping the soil bare of 1sidue and expesing it to ero-
sion from both wind and rain. As I mentioneu earlier,
this excessive turning up of the soil has resulted in less.
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not more, rain penetration of the soil and mere rapid
moisture evaporation than would accur if there were
surface residue.

There is a place for small tractors where animal power
is unavailable. Diesel engines for small threshers are an
important contribution in saving grain losses. Hand-
spravers, animal-drawn seed and fertilizer drills, and
animal-drawn mowers for cutting forage are examples
of mechanization that fits inte a packege program for
smali-farm agrieulture in the dry-land areas throughout
the developing countries. Small mechanical threshers
have proven to have a place in small-farm agriculture
and need to be promoted where they have not yet been
introduced. Diesel engines for irrigation must have a
place of prominence.

In closing, 1 would suggest that in the future when
we have an opporunity to assist in ihe development of
smalkfarm food-crop production in the developing coun-
wies, we should think in terms of helping to develop a
modernized agriculture. 1 use the term “madernized
agriculure” to mean an agriculture that has been trans-
formed from a traditional agriculture relying on tradi-
tonal methods to a modernized agriculture :elying on
science and technology. Within a modernized agricul-
ture, mechanization must play a prominent role. But it
should be made clear that mechanization can take place
through either human, animal, or tractor power. We
should understand and accept that, for the great ma-
jority of the smoll food-crop farmers, animal power will
continue to be the chief source of power,

The development of improved animal-drawn imple.
ments, hand-sprayers, and diesel and powered threshers
will be positive contributions to the development of a
modernized agriculture. This kind of mechanization must
meet small farmers’ needs and fit into their limited
resources if it is 10 be most effective.




Locally Manufactured Small Farm Equipment for Asian Farmers
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have not prepared a sequential kind of speech or a
documentation. I will speak on various issues, some
of them disconnected or disjointed, but, within the time
limitation, I think it is best to touch on some of these
different subjects. I will begin with the subject of labor
surplus and unempioyment, which you have heard so
much about at this meeting. I believe that while there
is a problem of labor surplus, the real problem is inappro-
priate technology. What we are trying to do is push the
kind of technology that will certainly create labor sur-
pluses. But we are judging it from the US. style of
mechanization, and then we are going out to a develop-
ing country and saving that the same result will happen.
1 very strongiy believe that the situation is going to be
different. T will say that in regard to the Philippines,
especially, where the International Rice Research Inst-
tute and the Economics Department have been studying
the labor situation in the two major rice-growing areas
for nine years. In the nine years, tractors have moved in,
power tillers have moved in, and, in the nine yeors,
labor input in agriculture has steadily gone up. Another
example that I would like to talk about is Japan. You
look at Japan, with a very highly mechanized agriculture,
3 hp per hectare. Yet it has one of the highest labor
inputs in Asia. It doesn’t make sense, if you listen to the
other speakers we have heard here.

Although the demographic figures tell you that there
is a lot of labor surplus, I think this is not so, and T will
give you an example, Two weeks ago a man eame into
my office — a retired colonel, who awns [5 acres of land
near Rawalpindi. He had several acres of wheat on this
farm snd he couldn't get anybody to thresh it and he
heard that we were developing some threshers and he
wanted to borrow one. Because we were still busy trying
to improve our machines, we said no, and then he said,
all right, if you take it out you can have the whole crop:
I don't want anything. In fact it’s that bad a situation
end he said last year he had done that. Now I also know
thut in Pakistan [ast year there were a number of farm-
ers who couldn't transplant their paddy because they
couldn’t get the labor.

People say that there is such a labor surplus, and yet
you have these cases. And these are not only being re-
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peated in Pakistan; in the Philippines and Thailand you
inay eome acress this incident daily. So [ feel that there
is another side of it. Granted, there are idle people
around the villages. maybe, but they are not interested
in working. And actually, who wants to work behind
the tail end of a buffalo all day? You walk behind one
and you will see what it is like. There are problems of
this nature that we have to contend with. We are there
in the field and we have to satisfy some of the needs of
the farmers. We have to taik to them and then come up
with some solutions, net just look at the figures and draw
conclusions.

Now I will touch on a few other topics thut are unre-
inted. There is the issue of many peaple saying. well, we
sheuldn’t mechanize; then they say, well, let's go back
to the animal-drawn implements. I think India had a
love affair for 30 years with this auitude and this philos-
ophy. I have not been able to do much in that field, but
I think they have a large number of funds. put in trust.
for developing improved animal-drawn implements: and
yet if you look around hard, excepr for one or two cases
you do not find much success.

The Transfer of Technology

T contend that the real approach to animal-drawn
implements is to transfer technology, not to reinvent the
wheel, nor to redesign the produets, The idenl strategy
would be to transfer successful implements from one
reglon to another to try them out, test them, and see
what they leok like. And if they succeed, then you find
& eouple of manufacturers to build them. Incidentally,
the National Institute of Agricultural Engineers in En.
gland and the French have been at this for about 25
years and have had a very similar effect,

Then I hear Iately in the United States, let's do selec-
tive mechanization. This is a phrase that 1 expect to
hear more often. And 1 have a feeling this is the engi-
neers’ conspiracy, to argue with the economists, because
the economists keep talking about the labor problem,
and the engineers say, well, we will take the peak off the
labor problem with selective mechanization. My argu-
ment is that, if you look down the road, how will you
apply selective mechanization? You know very well that




the big pools, tractor peols sod hiring services, have not
been abie to function at all, I have yvet to see one operat.
ing successfully and if you try to think of a way to apply
sefective mechanieation in a developing society, T just
Jdo not see any hope of making it happen. You give a
farmer & tractor and tell him to use it only for fand
preparation. Don't touch it the rest of the veur because
socially it will create problems. Well, 1 don’t think he
woitld listzn to youw.

Then we get another revival of this hiving pool ques-
tinm, [ have heard many speakers at many meetings,
speaking on this issue. As I said, fu the public sector,
I do not believe vou can successfully run a tractor and
machinery hiring setup. It requires very close wanage-
ment on i fecal level which is unheard of in the public
sector. T doubt that they could function that way. Now,
_the ather side s that many of these contracy hiring og-
gantzations really cater o ondy one of a farmer's opera-
tiony. Hut the Farraer has entrusted ther with his whele
pequitemnent, net just one operation, and I he st
going through this kiving business for hix whole apera-
tion, he will be ruined even worse than he & now. My
feeting is that, ves, there s hope for hiring, but that &t
should be done by the neighborhood farmer. hiving hime
self out to the nelghborhood. This {s where we have had
suceess, We have sueceeded i Maloysia, in Thailand,
in the Phitippines. Aud [ am ealking about small equip-
went alie, not necessarily just big equipment = powet
tilter hiring to a neighboring farm, things of this sort,

Next [ will touch a licde on the current mechanization
strategy. You see. for the lust 30 years we have been try-
g to mecharize agriculture and basieally we are talking
of wilizing machines that are designed for the indus-
trinlly advanced countries, The manufacturers — and |
can understand, T don't blame them —- are trying to ex-
pard their market s they say, well, let’s go sell a few
more. This I8 something we developed for our ewn hage
of operations, but tet's go in and wy o market it in the
developiog countries, And the poor facriers in the de-
veloping countries. of course. the small ones, eannot af-
ford it but the big ones, those whe can, buy it.

This i3 merely lnoking at one end of the mechanization
system, and I feel very strongly that you have to look at
the whole systern, That means market research, the de-
velopment of equiprent, the manufacture of it, and then
finally the use of it. If you touch only this one end of i,
I do not believe you can solve the problem. Well now,
when I talk to the manufacturers in the industrially ad-
vanced countries, they ask, why are vou talking about
manufacture? There is not sufficient demand to make
production economical. Well, T believe that is not so. It
is not a question of sufficient demand; it is whether the
technology that you are offering is adequate to create
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that sutfivient demand, Let us ook av the weehnology
aticl see how things can be wade that can create a des
raand, Then we will have the searkes,

Product Design and Development

Naw, when we come to the question of product design,
that is veally a problems of wachinery design and develop.
ntert, and the wanipulation of the design, not just the
production process. These o elemenss of techaology
have o be considered if vou want to satisfy the needs of
the small and the wedhun-sized farmers that we are
concerned with today.

Look, for examnple, at the available technelogy for
dry-land farming, which is very popular in the United
States and in Furope, and the one that we have been
wying to transfer. You have all the vardsticks, the daa
on labor displacement, and ail that we talk about, and
India of course has been trving far 30 vears to use this
techinelogy, ‘They have Ui teactor plants right now, mak-
ing somewhat stimilar equipment. The wial production
is 35000 vactors, which i really not much to brag about.
In 30 years, appreximarely 2 percent of the land has
heen tractorized or mechanized, Now, [ think that is net
very remarkable pragress for this length of time,

But let me say thar the picture is pot as bad as | am
wying to paint it [ was in India about two weeks age
te lonk at the theeshing machine development. and 1
drave from New Delhi to Ludhiana and 1 saw a weans-
formation oceurring in the Indian mechanization tech-
nolagy. [ predict that. 10 vears from now, vou will see a
teeniendous cliange in their mechanization. They started
with the classieal approach. importing tractors and try
ing to capy them, and 30 years of experience have shown
them thae things are not bappening. They are now ques-
tioning this approach. T miked 10 the Swaroj Treactor
Company, which is making lnrge traciors —-- and, nei-
dentally, they are introducing a 19 bp tracior = and
they said they alie would like to introduce a very simple
eractor, something fike one the Thais have, which will
he locally made and called the Genta tractor.

Now, coming on down the list. we look at the power
tiller market. Five companics are producing power tillers,
exact caopies of the Japanese machines, and ail have
failed miserably. So only last year they started to look
at a cheaper version. something like the Thai tractors
and the International Rice Research Institute machines.
I am pleased to report that there s considerable pro-
duction starting now on the simpler power tiller,

‘Then you drive in Punjab and you see this 5 hp diesel
engine which has really beconmie the main power for
small-scale mechanization. You see wells with pumps,
you see chaff cutters, and you see threshers working,
and T think this is the direction in which they are going.




But, mind you, it s vot the people in New Delhi who
helped it Fhis staition oceurred because the favmers,
as well a8 the small catreprencurs, realized that nething
was. happening and they had (o do something, because
the pressures of mechanization were coming, Many econe.
omists andd others. were telling them not @ do i bae it
did not matter: they had o do something. Now they
have started to do it, and T predict that in 10 years vou
will find an apprectubly different kind of mechanization
corniug in Endia and the subconidnent there.

We huve not been twdking of the wet fund, of course.
That favoelves stnall-scale Japanese mechantention, which
has been mentioned by others at this conference - and
[ very much agree on the point of size. 1 also agree
entirely that the style or technique of mechanization will
somewhat reserable the Japanese style but it will not be
the sane implement. Now, the Japanese techuology. of
counrse, 18 nat very economical and it is rather coraplex.
Hesides. it has changed rapidly in recent veurs anil the
result i vo longer highly applicable.

Qur implemtents will be ditferent but we witl slowly
advance in the wame direction. Some of the countries
that started from the top will have to cone down, | ean
aleeady see it happeaing in India and © thiok it will
cotue, tore and ore.

Steps Toward Mechunization

Now. we are trving to find wme answers to the guese
ton of mechanization for woall farms in developing
cornteies, | woultl huve preferred the discussion to be
it termny of theee specific sites — two hectares, under
twe hectares, and between twe and ten. But for argu-
ment's sake we will take the one categmy - the 1-10
heetare farm ard how o mechanize it

Fiese, [ feel thae we should ke the operator of the
sreablest farme and give him the divisible inputs == fer-
vilizer, tnvecticides, ond what have you == the new tochs
nelogy of that kind. [ think vou cannot do nuich mecha-
uigation because he does niot have the reseurces for
buying o muching on his owie Then the question be-
comes, can't he organize a reatal? For the answer, 1
go back te my eatlier comments, § have seen quite o
few things tried in developing countries, and { believe
the use of centralized tractor pools does not werk, Cor-
tainly there should be an effort to encourage the me-
diumesiced farmers to rent smail machines from the
neighborhood. [ think this is where our major emphasis
showdd be. as far as mechanization goes, and [ think |
ageer entively with my economist colleagues that, in this
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particalar group, there is o danger i we go into too
waich wmechimization.

On the ather hand, 1 think theie is a scope for move
Labor procuction by bringing in sew technology, As far
as the medinusized farmers go, 1 think they have mod-
erate resources with which w purchase somwe kinds of
rwiachinery, Awd here the main bottleneck is the lack of
appropriate techuology, the lack of machines for him
to by, His faren is o Jarge for o paiv of animals and
too seali for the 35 Ip teactor, so he faces a dilemma,
[ think here our engineering conmunity. which has a
very poar record in the developing countries, will have
to deliver something, Developinent in the 3 to 10 hp
range of mechanization is one of the important prob-
lems of today. and I think that if we ean solve this, we
will eventually see progress,

In tevins of production of these machines, af course,
the fiest categary will always be on the village level, very
decentealized. Bur for the secand eategory, | think we
will loak ino more manuficluzing on small-tewn levels,
in additon w the high wehnology, complex elaments of
the machines at a sdll higher lovel. As for the larcer
machines, [ would only like to mention that diere is con-
sidecable need for restricting the makes of machines that
are coming in and of course 1 feel that some counteies
are hoping o produce without Heensng, T think i is
important that, in the larger technology, mechanization
licensing plays a very important vele in terms of quality
cantrol with which theve has been a problem in many
developing countries.

[ wanted to touch a bit en the role of the manufac-
trers, especially of those from the United States, because
[ tind that some of the big manufacturers have not taken
as mueh interest as they might. It is very healthy to have
this conference that we are participating in here, to have
discussions and things of Whis soet. 1 know that o number
of the small companies in Ameriea have heen making an
effort to sell equipment abread - but, take the case of
Pakistan where [ happen to be located right now, The
country ¢ importing 15.000 wactars, an eighty-million-
dollar business with poor mix, right now. It would he
Better if we were to take only 1 percent of that and put
it inte a concentrated program with some of your highly
tafented engineers. And please locate them in the de-
veloping country, not in a design center, working in the
United States and catering 10 Guatemala. Otherwise |
think it will not werk. It has to be done at the site so
that all of the economic, engincering, and social prob-
lems are known, Then we can try to cater the technology
to il them and we will see greater progress,



Audience Discussion

T. Harmis: It seems to me that the real problem, the
whole problem — what this conference needs to sort of
zero in on —- is, what is it really atl about? What are we
veally talking about here? I believe the technology exists,
the machines exist; this sn't the question that shouid be
addressed ar this meeting,. What we should be addressing
is, how do we in fact transfer that technology to the
small farmee? I'm aceepting the fact that the small
farmer dees reed 10 be mechanized, and [ think we're
wasting a lot of time going around and around in this
circle. We keep on talking, for example, about unem-
ployment. We don't talk about the consequences of the
malnutrition and starvation that eccur if you don’t in-
crease your crop production. This is the spectrum that
nobody seems to he addressing. So the point 1 really want
to make — and I'm not asking any questons — is that
a few of us have accuaily worked on the problem of de-
veloping small tractors, and worked on the prehlem of
ransferving small tractory, and then have seen thase
small farmers, in faet, increase their production as a re-
sult o hat. Dr. Khan is one such perton and there are
one or two others of us. It is quite refreshing to see that,
in the midst of this rather academic sort of “let’s-not-
get-anywhere” convewsation that seems to be going on
here.

A. U, Knian: | would just like to say that maybe tie
technology exists, and I do feel that the technology does
exist, but there is this whole process of adaptation which
is sometimes a bottleneck. You take a tractor developed
here and go and put it somewhere else in ity existing
form, and then you suddenly find that it just doesn't
sell. T think that, whiie it does exist, technology some-
times, or many times, has to be tailored to fit another
situation. This has been our experience.

F. Devmine: I just want to add that the quantity prob-
lems of economic development don't go away just ba-
couse they are peoh-peched. ‘They need discussion.

D. E. Nestrex: First, as both a farmer and a sepre-
sentative of American Baptist Men, I want to assure you
that the average American Baptist does not agree with
the corporate responsibility statement that is put forth
by the people here from the Interfaith Center. But it is
merely a statement by a vocal minority. Next I would
like to ask a question of Dr. Khan. If the multinational
firm such as Deere were to build in these developing
countries, how would you keep the corporate respon-
sibility people from taking it away from them? Then I

would ask anyene this question: 1 farmed with horses
until I was 2¢ years old {1 guess we were poor fumers)
and we had pretty good ground, but it wok 20 ta 25
percent minimum to take care of the horsepower. When
I hear them talking 10 to 20 percent here, perhaps
thev’re making it up with manpower, 1 don’t know. 1
hear them talking about deuble-cropping, and I would
remind you that the land is just the same as my bank
account.

A, U, Kiax: I'm not sure that [ can respond to some
of those questions. Yes, there is a danger that the corpe-
ration could take over whatever is developed and what-
ever came out of it; but on the other hand, 1 think one
must recognize the limitations of the operations too, and
especially the envirenment they ave operating in. 1f it
were that easy, they would have done it; that’s the way
T feel. T think that the danger is not thiat severe that they
will tuke over. For instance, there has been some interest
from the corporations and some support for various na-
tional and international programs of this nature. For
example, Briggs & Stratton toduy gives us 100 engines
every year, free. And, of course, Brigps & Suratton has
had tremendous sales because of our development efforts.,
Now, that was a direct relationship, but there have heen
indirect benefits to industry right heve in the United
States from our exercise. We were perhaps the first w
develop an axial-flow thresher device and commercinlize
it, and T know of some of the benefits that have come
here. Stmilarly, we have done some work an heated sand
application which is now being used here experimentally
in various universities. So, my thinking is that f the
corporation sees that it is mutually beneficial -—if it
assists some of the organizations, whether they are church
or national organizations - then there is no danger be-
cause the technology coming out will be locally vsed,
given to the loen] manufaetucers. That's what T was
uying to discuss. 1 missed the second question, but if
the gentleman wants to repeat it, I will try to answer it.

Nestriox: I just said that  keep hearing that animal
pawer, as we've discussed it here, is using 10 to 20 per-
cent of the fand. That inay be true, but I didn’t find
that to be true in my 23 or 24 years of it as a youth. The
other guestion was just directed to the panel, and T want
to apologize — I don’t want you to think I'm taking any
potshots at you. Thank you very much for your presenta-
tion. The double-cropping is the thinyg that concerns me.
All of the economics that 1 see in primed material are
based on double-cropping and I don't know whether




yor've tiahen into consideration the economic aspects of
donble-cropping.

A U Kaan: Sinee none of the othier panel members
seems to want o vespond, T othink Pl osay this abewt
anid power i relation to the haal situation, T think
it iy true in certain eountries that animals do toke gprite
a bit of Lind out of avricultwee, O the other Baud. i
ather comntries, such as the Phitippines, § hink aninols
graze on public grounds quite o bit But B know that in
Pakixtun and Fodia, sometitnes the Betners reserve setie
area for growing feed, so that crop i tiken out: undor-
tnately | don't know what percentage. | think the sub-
ject should be sthied, In face, the Internationsd Riee
Research Institute has been concerned with this impact
of mechanization and we have just started a mubting-
tional stucdy on the effects of mechanizmtion - what ha
happened, what is going to happea, and the ditferent
levels of mechanization, and saadl, median. and large
eractors, and so on.

Proviens:: Since | was the one wha put out the rauge of
1) e 20 percent. | guess T should explain why, The 10
peccent as a lower bound i based on o key e we
had in Western Furepe at the time wlan horses were
as prevalent as mechanical power, 1t was estitnated thit
your needed o horse for every 10 bectires and that the
horse ate what prew on | hectare, whiele makes 1) per-
cont. The 20 percent as wn upper bownd is a tigaee |
found when analysing information from Fastern Fudia
many years ago, Ana this does not mean, of couese, that
all of what the deaft animals eat coultl be readily con-
verted into grain: but most of it could be converted
itto ather food production such as mik, and in this sense
I think the estimate of 10 e 20 percent of the land i
justified.

W €L Tissesausen: | just bave to say something on
the couble-crapping sue. Lo clainsing that alt land that
st be doublescropped, should be dosble-cropped. one
has te de an economis calenliation to fined out whetler
it's feasible, and certainly P'm not salking about mining
the soil. But 1 am talking about several experiences 1'v
hadd where a rain-fed crop is planted one season and then
a very guick turpsaroutcd has to be made if the crop is
o be grown in the second sixanonth period when it's
dry. So [ was just barking back to the experience 1 had
i Venesuela where, if you really hurried, you could get
in & crap of sesame during the second growing season,
But you had to do it in a hurey, otherwise you would
miiss that fast rain and wonld not be able to get the ernp
in at all. But P'm oot suggesting that the soil be mined.

e
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AR Russeee: Uhi
conament. b have been workine o bnddine B dae fast 10
years, pavtividariy on teving o manaee watey e el
ciently, which mweaons we've tatking aboat the ainded

nof so miuch a guestion ax a

arei, Ui working with the Baernatonal Ceop Besearch
Fastitute CRCRISAEY, which i Beusing one tiving 1o
invrease aud stabilice food production ine the semi-arid
trapics, inelding the Sahel, Novtheast Brazil, Thatlind,
and of vourse, Bege areas B Western Todiin My own
expericors has beers kogedy i Gadi and paatiewdardy in
the Blecean Plawean, which e Fasminser kow
vell, on the blick cotton
that th tere apportanity for increasing production
e fndio by getting vidd of water than by adding water,

AL R}

wils, inoon secord o

saving

And one of the best opportunities for 1acrasing and
stabilizing food praduction in Dadia is by developing o
svatem of managentent, o systetn of Farmsing, thar will
allew thest o evop in the rainy season.

Fhis is ananotiady incan e e is shont of 1ains
fall, 30 buches of sainfall caming in B0 davs - thows
andls and thonsands of heetares of diose sieep black
sodls ave Ballow during the rainy season, Ty e eropped
an the basis of residual water du the prolile, Why? 1t
jist detiis all fogie that von wonbd it utitiee them when
vore satiral resoitree basic i quuunan, The vensan iy,
thie stadb Bndian cultivaes doesan’t hive o way 16 -
age that Bhack sail when it g wel, Now suetbusbs ane
being developed thiat aee very. very jreonising, and they
e Based on apimal=danwn power, or adaptations of the
tmethod which the Froneh have developed bnoahe Wea,
Our systert iy working on Ll and water iaragement,
swltiplescropping, interserapping, animal power, and we
vant fweresse production substintially without any great
investinent in vapital or webhmcal abiliy, TCis0't enough
io provide the farer with @ wactor, Yon've got to pro-
vide him with the support serviee so that be can heep
that teactor aperating. One of the great mistakes i
PTG 1 ACECR TESOMECE BhC Ty s B8 1o overs
capitalize and then ger very etlicient wie of that searee
segonree, Sooowr tareet 8 the sl faesee wind brving
to utidize Ui searce natural resouree, wader, | think thit
the pregeram has deonstented that with ssinildriwn
power on those dithendt black sobls, we can grow hotls a
kharil  (sumner) ) ostasen
erop. Se I'm ovgimistic, and 1 think it is indicative dust
soits with this poiential i this clinnde can be vade 1o
produre two or divee times their fomer yields,

qwwors and norabi {winte

K. Hessew: Ther a point that 1 think should be
emphasized and U like o do it by directing @ question
to Py, Frsminger. ‘There ane several Tacets to the gques.
tion but the basic questions is, bow will these packages
o technology be delivered? The gquestion follenws, Liow




can research provide answers if #t's not maiched, per-
haps even over-inatehed, with a program of coutinuous,
locally controlled education? Can a centrally controlled
system of extension education accomplish the acceptable
adaptation of this new-found knowledge on a peasant
farm level? Are there alternatives to the U.S. Coeopera-

ment® T Bafing this on the experience T T i Works
TAE Tn Peru with the extension service there, and also
on the work we have done with our Nigerian students.
Many of them have indicated that there are many en-
claves of knowledge but when you start moving into the
northern areas of Nigeria and some of the less-devetaped
areas, it's a ht-and-miss kind of propesition. It's a three-
week emphasis and then the expert is gone. And the
people don’t know the experc: they don’t know his ioots
or who his family is. So the Nigerian asks, “Wky should
1 follow a complete stranger® I'm taking all the risk,
he's gone.” Ase there aliematives to this kind of ex-
tension?

D. Exsaisaer: Referring o the first question, in regard
to the instiuiions and services, [ think [ said in my
paper, and I would like 10 say again very strongly, that
one of the reasons why much of the technelogy has not
been applied, ever though many times it hat been appro-
priate, is because the institutions did net exist, or the
institutions that were there were not oviented 10 the small
farmer. So the institutions and instituiional services are
abiselutely essential if you are going to get the wechnology
applied. Now, en the question of extunsinn seevices. I
think the one great mistake, ns it has worked out, i
that the developing ceuntries have taken the US. Ex-
tension Service in total and it hasn't worked. Now, let
me just give an ilbutration in terms of Tanznia, where
you're dealing in a tribal culwre. There is no place in
the tribal culture for the innovator. Our appreach is
te find the innovator, work with him, demeratrate, and
he in turn will influenee others. Now | think the exten-
sion Service, as it is operated abroad teday. hecomes too
much of a conveyor belt-—of putting the knowledge
out and not helping to apply it. And I couldn’t agree
meore, that this it ene sren where we need more research
in terms of vnderstanding how the farmer makes o deci-
sion: and one of the things that we haven't really
thought through is that this new technology must be
fit into the farmer’s pattern of work and his cultural
approach, in terms of when he and his family will spend
time at fairs and festivals and weddings and deaths,
and ail of these. 30 I think we need a lot more research
in terms of each individual culture, and the process by
which change takes plice, because we don't know enough
about these things at the present time.

tive Extension Seivice. controlted-by—the-state—gover
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E. Cratlo: In what we've heard so far, it seems ta me
that there are two elements that might be addressed by
a group that [ don’t think we have discussed yet. First,
many people have said that an important element of the
whaole problem is that the technologies be carefully and
sensitively adapted o local and/or nearly local situa-
tions, and that they not be across-the-board kinds of
situations. And, second, that some sort of distribution
system is needed that is very effective and eflicient, so
that we know that if the technology has been found,
it can get to the people who can use it I think the un-
spoken «uestion i3, when and in what way can we entice
the wost efficient distributors into all of this, and can
we do that withawt their being insensitive to local situ-
ations? The translation of that is, can big business, which
is the most eff- crq systemn = know for getting things
done, Be entited—. W& 1 IpEionfm-the—preblenTof
mlagy for the smai: .5 but in a way that is
mally responsive to local situations instead of producing
solutions acress e board? I'd like to hear that ad-
dressed by a number of different people if it's possible,

Exsmngen: I think that the ane thing you ave asking
fer is, where and how do the people who have to make
the decision to aceept or reject the technolegy fit into
this whele process? Now, in teo many cases, the govern-
meut decides what the people are to do and how they
are to do it. If there is any one thing that I think we
should have learned out of the last 30 years, it is tha.
the people who are to make the decisions wark must be

they and they alone can dete' .~ .hether the technol-

ogy can be fitted into their in . . .18 and whether or
not they have the resources to appiy and vse that tech-
nology effectively. Somehow or other along the way,
officials of government have always felt that they knew
best what the people should do, and 1 say again, that
if we have learned any one thing, it is that the people
who are to act upon the decisions must be invelved in
the prace:s from the very beginning.

Harmin: T want to comment because 1 think this sort
of question is addressed 1o the big manufacturers. 1 work
for one and 1 think it's worthwhile to repeat a livle of
the history of the famous “developing nations tractor”
which Ford started working on in 1965 and completed
it 1972, In the process we spent $2 million and we de-
veloped a machine and went through an extensive test-
ing peried, not only in technology and in terms of the
preduct, but in terms of its productivity as it would
apply 10 a farmer. In fact, we carried out extensive
productivity tests in the Dominican Republic, which are
documented and which showed that by using a small




tractor you can ineresse o farmers income by four, And
that's o sintmume i fact, four s @ conservitive hume-
ber. Having spent all of this money and all of this tiwe,
we then decided to test-niarket the actor in two small
matkets, Jarmadea and Fowador. When we went into thess
countries we knew stralght away that the ounber one
probleti s, as T said eaclier, when the woelinology exists,
the problent is the tansfer. We were trying to sell this
tractor, i effect. a fos dey camivados - to the shivtless
ones, the greut unwastied - - ard there were other people
whe did pot have the prechasing power,

If in fact you are ever going to put this wmachinery
iuto the himds of these suall farmers. vou have got to
provide sote fore of wsubstantinted or uncollateraled
retail credit. Unless vou do this. unless some person of
importance picks up this preblent. you are never really
going to solve the problers, We fousud thes the need was
there: the “avmers chugondd for the machines ancd the
machines, ncidentally, wre sill working in these couns
tries, quite happily, so frome that standpoing it was o
firsteclusy piece of machinery. Bue what we found was
that we couldi't get the mouey ta the farmer o that
he could purchase the machine. Naturally any luipe
manufaetiring concsrn, whether it invests 82 million or
whatever. at least wante to break even, however seus-
tive the eorporation may b, T personaily worked on this
for five years. Six months of these five years [ spent in
Jawaica, working with estension officers, tyving to v
this money transferved from the government, whick hacd
the money, via loans frotn the Tuter-American Bevelop-
ment Hank, The money way in the countey, so this was
not the initial problem - and, incidentally, that was in
the duays when the World Buk foaned practically no
trobey For stafl-farm teel development (Sinee then it
hay changed its. policy completely.) That was also in the
days when the Agency for Interaational Developmient
(AT} concept of the whele problem wag to tear down
the fences and: put North American ageiculture into the
comntry. But even i those davs the money was there
in joraica, from the [uter=American Developient
Bank: but the preblem was getting the money to How
within the country and out to the small farmers, beeause
purchasers couldn’t buy.

S0 1 keep banging this drum, and you may have no-
ticed that the World Food Conference which was held
in Rome a few years ago likewise decided that providing
retail credit and placing the purchasing power in the
hands of the small faeeer s the critical need, and the
crux of the probletn. So the techinolowy exists, or if it
doesn’t exist, its just down the road. Give any major
‘machinery company, or small maclinery company, the

. opportunity te transfer the techinology in a notmal, logi-
- cal way by providing some form of credit and you will

g dong way towards tundng subsistence production
e surplus production. And tlast's the key to the whaole
problem Fhat's why you want 10 mechaniee these small
farmers. o set another B to 10 percent cut of that sub-
sistence sector, ateh st o readly sobve the workl food
prrobileny, becimse vou won't sobve suvehing the other way,

O, Lecwo: [ would dike o contend that any technalogy
thaet Bs not aweeessiblic i the Ganers, Boor favtness or,
inother wordss 3 vou e echnelogy thit farmers
vatnot buy - then dat techoology s dnappropriate for
Thivd World countvies. Alse, 1 wounld Bke te see if any-
one will address 2 question of alternative fortes of energy
that are avudlable in their countries. outside of petro-
teu-ased comnodities. For cxample. the possibiliny of
techuology that deals with things such as elecurieal
enersy. based on energy from the sun, o methane, or
wind power. or water power, § think that as long as we
deal with any kind of S technology that can’t veach
the frruer we ave tadking about webimelogy thiat s ine
apjrropriate for developing conmmmities,

AL Gz [ wanted s provide o poing of inforna-
e, i yeme wish, and pechags a focus for your diseus-
sions of a very practival natare, The United Nations
Brevelopment Progean (UNDE) s preseatly assisting o
project. a regiond netwerk for agrcalunal machineey
in Asta, which bncludes India, Tran, Republic of Korea,
takistan. Philippines. Sri Lanka, and Thailand. The
objectives being pursued through this project are: 1o
ilentify the hottlenecks of mechanizstion and manafac-
turing of agriculiural machinery; to strengthen the ca-
pabilities of national stivations is westing, evaluation,
design, development, and fabrication of prototypes; 1o
select, evaluate, and sapply suituble design; to promote
lacal manufuctare of approprinie agricultural machinery,
taols, and equipment: and 1o set up a clearing house to
generawe an exchange of informmation, It is a veey broad
objective, T wounld bke o add that die subject-matter
has beeni produced by all of the participating countries
and i foeused ut the present time on the question of
testing and comparing prototypes of rice transplanters,
cereal larvesters, power tillers, power weeders, thireshers,
itndd seed and fertilizer drills.

Tiis whole program has been carried out with an
institution in each participating coutitry, and each coun-
try is creating a national fartn mechanization committee,
This cominittee includes representation across the board,
from all the sectors involved, including agriculture, in-
dustry, credit, and so an. All of this is oriented wward
the possibility of local manufacture of these implements,
B think a question arises in 1 program such as this, which
is being plamed and designed by the developing coun.




tries, where the role of the UNDP is merely to assisy
them, and where the funding is large. The question is.
how can industry from developed countries help, or what
measures can they take in order to contribute to this
very worthwhile initiative of tiese countries? In addidon,
as long as I'm here, and since the topic this morning is
social changes, could I just drop a thought? Te ws,
woren scem to play a very significant role in farming
in developing countries. Aud T weuld hope that this
would be a topic that somehow or other is introduced in
discussions vis-d=vis the farm mechanization question.

J A MeMennamy: 1 would like to direct a guestion to
Professor Dovring about the influence of commodity
prices. In most Asian countries the prices of commaodities
are maintained at a low level as a matter of government
policy, so that feed prices are kept low. But we often
wonder what would happen if commesdfity peices were
allowed to increase, which would allow the cconomy to
expand and, in tum, create jobs in other sectars besides
agriculture. Also, there are thosp who feel, and I tend o
agree, that the supply somehew seems te meet the de-
mand. If the prices of commodities were higher, praduc-
tion would incrense correspondingly. Then, of course,
higher commadily prices would make mechanization
prices more economical as well. T wonder if you cowld
comment on this for us?

Dovrineg: Yey, thie is basically guite true. As o matter
of Iaet, we have recently completed an inguiry from the
Philippines regauding the adopiion by the Philippine
farmers of the whole package of recommended inputs
1o go with the new crop varieties. The cquestion raised
by the technologists was, why don’t these peasant farmers
apply the whole package? The answer from ihe econo-
mists’ analysis was, quite briefly. they don't do it because
it doean’t pay. Their relation of commadity priees to
input was certainly tht, by applving the whole package
the farmer would incur a Snancial tows, and the analysis
showed that the level on which they do apply the inpuls
is in fact the rational one. And woe thing we shouid
remember as regards the Jow-income fariners of the Jow-
income countries is that they are far from heing irra-
tional beasts. They are, in fact, some of the most rational
economic men in the world and they had beter be, be-
cause otherwise they wouldn’t survive. They are, in
effect, a population that s stood the test of time as
operating farmers, and the traditional wisdom by which
they do this has its own validity. So, with all due rezpect
for the transfer of technology and extension services, and
:s0 on, the basic precondition is of course that it be made

. economically attractive to the farmer population in

question, in relation to a given locality.

V. K. Mreran: Several tines the name of Punjab has
been mentioned and, since [ am from Punjab Agricul-
tural University, I thought it proper that T should give
a sort of account of the main job there. In my view, the
problem naturally is that we should have some appro-
priate mechanization with more opportunity for labor
employment in order to have more praduction. This is
the problem, in a nutshell, for all the developing coun-
tries. If we remove any of the constrnints we are faced
with problems. Now, in the previons sunimary 1 think 1
heard that there is the need for a package of practices.
In India we have had the experience, and if we analyee
that experience we find that those pockets in India
where this package of practices was applied have more
production per acre or per hectare. The program in
those selected areas was one of the AID programs and
since then these are the areas that are much more ad-
vanced in the countrv. Now, therefore, this question of
package practices is very impartant. The second thing
that has been pointed out is that econamical help from
the government is very much uceded. In India, for the
Iast 10 to 15 years we have had suppert prices and in
making the decision to have support prices, all econo-
mies, agricultural price commissions. and farmers’ repre-
sentatives, had the’s views taken into account. However.
the cultural sector is very important.

Now, for example, the experience in Punjab. We have
found that the so-called power tiller has once apnin
dropped from fuver, though we have tried to introduce
it many times and it had success in Kerela and the south-
ern part of India. Now, one of the reasons given when
I ask the farmer is, “Well, when we invest about ten
thousand rupees we don't want to walk behind a trac-
tor.” Though he oversimplified, T think the main reason
is that for four to six months we have very hot weather
with hard winds blowing, and that is not the time for
walking behind the tractor. Then, much later it is the
rainy seasen and it becomes successful. A second example
is that of the thresher. In Punjab we have 250,000
threshere, In the rest of the country there are not 8o
many; they are catching up, although not as fast as in
Punjab. Again, the weather factor is there. In the case
of combines, they became popular immediately. We have
400 combines in Punjab alone, which I think is the
largest number of ail the provinces in India. But imme-
diately after the introduction of combines there was a
tot of objection from labor and there was some sort of
petition in Delhi. So these are the dictates from the so-
ciety which we face by introducing these different ma-
chines, and therefort: the question of prepared technalogy
should consider all these aspects, cuitural and social, as
well as economic and agricultural.




Al L Crark: As a mewber of the sl of the lowers
faith Center for Corporate Responsibility, 1 was a ligde
concerned when there wasn't a stampede on the part
of the panelists to take over the microphounes in response
w0 Eleanor Craig's guestion about enticing business o
meet some of these needs. Aud the one response, veably,
was in tevius of the need for peaple wsing the wehnalogy
to be involved in the precess frum the beginning. Yet [
think perhaps that was not the full answer, becawse |
think what Ms. Craig was asking was that these pro-
ducing the techrology need to be fnvolved in the process
from the beginning. and [ guess that leads to a couple
of questions. One is. to anvone who wishes to respond.
do you see a greater sensitivity on the part of the muli-
nativnal eorporation to meet the kinds of needs all of
vou have touched on in one way or another? If in fact
that sensitivity is seen. are there specific instances that
vou cunt point  in which the kind of cooperation that
is needed between heost goveruments, corporations, and
developtuent programs has taken place and is tking
place? And, finally, what kinds of mechanistus, iF any.
aeed to be structured inte corporate decision-nuking so
that the priorities being set are being deterznined by the
needs of the peaple and host governments, mther than
the reverse of that process?

Fo Bh Reprace: This question has already heen asked
several times, in several different ways, Do the panelists
have Further tesponses to it?

Dovetne: Well, T owill comtnent that [ think mavbe
you are asking teo much from the machine-building cor-
porstions to have all the wisdem in the world as to what
the host country may need. I think the host countey
governments should figure out for themselves what they
think is the desirable level of mechanization in their
agricuture for the next five vears and for the nest ten
veats, and wmake this known to the muchine-exporting
corpatations 6 give them a fitte more insight inte what
they bave to espect,

Kertooa: 1 think if you look at the program you will
see that there are some people here who represent some
of ihe larger firms that we've talked about, and you might
want to repeat that question to them.

W. F. Bucstete: The system of farming which the Furo.
peans and their descendants used was developed under
the murine climate and this system, which is very suc-
cessful there, has been brought to other areas of the
world with devastating results, as we have already heard.
I have sometitmes suggested that, before a farmer can
piow, he has to file an environmental impact statement.
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My question is. are USALD and other people who pro-
pose tnechaniztion projects around the world going 1o
submit o wechanization inpact stateraent before they
SEIE o CaEry Gt o project that will be based on a Euro.
pean systent of Farming, and not i line with the partiou-
far climate and covivonment existing in that particalar
developing country?

Tresexeesen s Well, | owonld like to see the govern.
tiettts, as Professor Dovring bas sugeested, anadyee cares
fully the sovial comsequences of potential wloption wf
technology, Now, in order to do this. it seemms 1o me th
we have to think of prsants, et as individual, separate
operators. 85 the midwesiern farter family is an indi-
vidual separate operator. but sieply en o smiadier scale,
We should think of the peasant operator as a part of a
very interconnected strictuve, so that we have the major
poartion of the under [hhectare farmers whe e some-
how connected in very many ways to other parts of the
structure. And we inust asalyee the stractare in order
0 eiseover the social impact that mechanization is going
to have, and AP shoukd be aware of these effects before
it begins to muke it possible for countries s have tech-
nofogy. What [ mwan by diis is tha there are resident
fartners and laborers Hving on large farms, there are
vesters, there are dhoreacrappors, thave ave money lend-
ers all of these arve interconuected in the system and the
etfect on each one of themw should be elear, it seems o
me, before AFD makes it possible for mechanization o
oveur.

Kettone: There may be someone from ALD who would
like to answer that in a very practical way, as o Jiow
projects are submitted, and cortoin statements that have
to he made.

Jo S Banase I work with the Latin American Buteay of
AID. | thisk that muny of vou already are aware that
most of our projecty are the product of considerable
inputs by a number of universdite consubtanis After D
John Hannah became the administeator of USALD there
was 4 move toward developing a cooperative style. He
was probably one of the most articulate gentlemen who
eraphasized the imperative necessity for AID to work
in collahoration with the host government in defining
whaat they wanted to do. One has to recognize that it is
their country and one has to use a considerable degres
of diplomacy, and sometimes we don’t come out iite
where we think we ought to be, and probably many
times it's just as well we don’t. So that, ay we proceedied,
1 think that most of the people tried to use (heir good
judgment and the good information at their disposal to
get to the right place. But the interesting thing about it




is that, in looking back, we always ind something wrong
with what we didh It's the very noture of the business
we are in, going down a road that we haven't been down
before. We welcome collaboration, we welcome inputs
and suggestions. We become very riled, as persons, ahout
the eriticisma because we probably know abowt saiwe that
you haven't discovered yet. But, for these of you who
really do feel that you have a constructive suggestion,
{ think that a1 least 1 would be very happy to have it

Kertous: Do vou, as a matter of cowrse, have 1o indi-
cate in your project preparation papers the kinds of im-
pacts that a project may have, in a secondary way as
well as a primary way?

Bants: AID is required, right now, to file an enviven-
mental impact statement and alse a statement regarding
the impacts on women. And it is required in soime cases
— for example. in the wse of pesticides or chemicals that
are considerect to be dangerous to huinan health — to
make reference to this in the project paper, and refer
it to the Environmental Protection Agency in the United
States government. In fact, it takes us two years to get
& project approved because of all af these things, and
often we are unable to find enough consultants to pro-
vide those inputs —so be careful about putting mare
requiremnents ofi W8 oF we may never get anything done.

8. Rao: Just ane short comment. We are gind that tdiis
miccting is being held. but 1 hope that this will not be
the end, and that the next meeting will be held in a
developing country with more participants and decision-
makers from develaping countries. so that we can learn
from the horse's mouth exactly what e problem is. 1
just wanted. to say that the agriculiieal mission, workl
trade share of the developing countries in 1967 was $1.6
billion, and in 1975 ik was 3192 billion. That was what
was imported by develaping countries. The agricultural
mission itsell constituied 90 persons in developing toun-
teies of all sectors importing. I this i« the area, it is
very clear that the mechanizntion policies will have
te dene by governments of developing countries them-
selves. Nebody can telf them what they should do. 1f
that is the case. then what is the role of industrialized
countries and their institutions and what is the role of
the largescale manufacturer? In this respect T would
like 1o ask Dr. Khan, guestion number one, liow can the
industrialised country or the big corporation assist de-
veloping countries in the local development of techno-
logical capabilities, and, number two, what is the result?
' - Also, how can they assist, or how can they work in their
-own corporate research from the industrialized countries
1o meet the requirements of developing countries? And,
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how can they assist in appropriate technology transfer
that is also economical?

A UL Kpax: Fisst, 1 feel that the big and small corpo-
rations must be generally committed to this situation of
helping and not regard it as an eventuwal source of com-
petition that will kill or hurt their own markets. T think
that kind of com’aitment is the crux of the preblem, and
unless it comes thyaugh public pressure and other sourees,
[ don’t see any other way hecause they are independent
organizations. You can't just force them into your way
of thinking unless they see some motives or some self-
interest. And T think you can’t blame them for that:
1 feel that somehow the climate has to be created, that
vou can't just export the $I9 billien of products like
Mr. Rao mentioned. Well, if you have colteeted that
much you aught to be able to put some back ik the
need. So [ think that is the one side, but in terms of
helping the development process, T find that, for engi-
neers, experience in the developing countiy. in the whole
process of product development, is most effective. Un-
fortunately, many of us go 1o colleges and universities
where we never learn about product development. This
is un area not taught in the colleges and we learn only
by deing it, and in the industries themselves. [ think this
is a tenining aren where eorporations can play & major
pari; they ean get people and take up the problems and
work thern out. On the other hand, they can also assign
their best and most creative engineers, not the ones they
want to gt rid of for a while, but send the good ones o
# developing country and let them work with some of
the organizations that are involved there, In many ways
I think if one wants to nddress the problem, it can be
done. I think that sending people from here can also
help orient the people of other countries lo the ways
here. But when it comes to produet development and
market research, as 1 mentioned earlier, 99 percent of
the engineess and economists in the developing countries
den’t knew what you're talking ahout. and preduct ptan-
wing is not understood at all,

I think this is my main gripe with the U.S. educa-
tional systemn. None of these subjects is taught to engi-
neers in the universities, and only those who go to a
company and work up through the process of appren-
ticeship seem to learn the technigue. 1 think they're
opening their doors a little bit, going out, reaching out
to them, and perhaps providing a little funding 100, but
I think that’s rot as important as the commitment and
getting involved in the thing,

E. O. Finen: 1 believe expansion was given as one of
the aceeptable motivations for mechanizatior. 1 assume
that yout mean expansion in area, and T would like to




speak from my Bravilian experience that this is one of
their big motivations in the 30 percent expansion of
mechanization that has been mentioned. The other
would be in double-cropping, which is alse essential for
Brazil in its wheat wnd soybeans. "Fhe thivd type would
be inte new arveas, und Brawil is now invalved in oue.
an alechol program supported from agriculture. This
brings me to my guestion, which concerns the techrical
dependence on either animal power or imported petro-
fetm in developing countries. [ believe nobody has ad-
dresset this question this morning and I wonld like to
ask the representative from [RRI or others. what is
being done, for example, on the farm or in the commue-
nity in developing fuel for increasing mechanization?

AU Kuan: T think the Instituee s actually looking at
shis problem today to a Hiwited extent. We have projects
on wind and solar energy as well as prajects an biosgas,
not bie-gay, Bue producer gas. But i this energy problem
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our assesstirettt, and wy peesunal opiaion, s that the
resources avatlabie to the lustiuie are so limited that 1
think this requires a higher level of funding and expes-
tise for real breakthroughs, In fact. 1 believe that the
developing countries are often wasting too much money
in trying to develop some of these simple energy devices.
Same projects have been going on for 10 0 15 years
without any veal productivity, 1 contend that the major
developruents will cotne through research in the devel-
oped countries, and then the tindings will be adapted
for othiers. In teros of some of the other things men-
tioned. India has done guite a bit with methane and 1
think it is worth looking at. 1 do feel that the petroleum
problem is a serious one and is something that is difficult
to tackle unless we have a breakihrougl, and especially
i regard te mobile equipment. You can possibly come
adong with these low-cost energy solutions in o stationary
applicator, but when vou get down w mobiie equipiment
you tend ta have difficuly.




Amir U. Khon of Rawalpindi, Pakistan, recommended
that successful implements from one region be tried
in another, fo tost their performance under a spe-
cific set of conditions, and if they are successful,
then find manufacturers to build them locally. 'l
contend thai the real approach te impraving animal:
drawn implements is to transfer technolegy, not to
reinvent the wheel, nor to redesign the products.”

QOne of the implements designed and manufactured
in the Philippines is this exial flow thresher for multi-
crop operation.

During the afiernoon panel discussion, E,
William Hakes of Massey-Ferguson, Lid,,
Toronte, Canada, deseribes his compeany's
experiences in manufacturing and market-
ing farm equipment for Africa. From first.
hand observation of conditiuns in Third
World countries, he concluded that . . . if
hunger is to be eliminaled in this world, the
future growth in food production must come
from the developing world. Somshow, the
developing countries must feed themselves.”




Yoshisuke Kishide, businessman and editer of agri-
cultural journals, Tokyo, lapoan, asserted that “The
devetopment of o farm machinery industry within
the developing nations is quite necessary feor the
premotion of agricultural mechanization, and the
best system is one that praduces machines that are
profituble for manufaciurers, deaters, and farmers

'

alike.

from o stuey of his country

He dacumented his taik with facts gleaned

s success in agricullural

technology development during the thirty years since
Waorld War i,
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Mixing business with pleasure, the conferees share ideas
at mealtime. A recurring theme was the recogniticn that
technical change in many instances is a powerful ferce
for social change. Some advocated graduel change and
other safeguards against upheaval; etherwise, whon ma-
chines repluce monpoewer, unemployment and therefore
peverly may be the result. Others maintained that mecha-
nization car improve production to such an eatent thot
new jobs are created in allied industries, thus providing
work for people who are relecsed from farming.




N@ ane at this conference needs to be reminded that

there is a world foed preblem. or & world Tood
erisis, as it is more often called. Every day, tens of thou-
sands of people (nearly hall of them children) die of
starvation or of diseases facilitated and accelesnted by
malnutrition — diseases that we have long since learned
t© vontrol in the indusirialized world, except pevhaps in
its poorer sections. The deaths are tragic, but even more
tragic (or perhaps fronic) is the fact that many, if not
mest, of these persons die unnecewarily.

Famine, hunger. and starvation are not new problems.
‘They have been with us throughout recorded history.
Twoe U.S. studies in the last 12 years have foeused on
this isue — one by the Science Advisory Committee
under Preadent Lyndon Johnton. and another which
completed its work last year for the National Academy
of Sciences under the direction of Dr. Joel Bernstein,
who is a participant at this conference. In the 10 vears
hetween (hese repovts, more than half a billien peeple
wete added to the world's population, most of them in
food-deficit. developing countries.

Also during that period the United Nations convened
its Werld Food Conference in Rome in November 1971
The conference solved no problems but it caused a great
deal of homework 3 be done by ministers of agricul-
ture from the 134 countries that participated, and it
facused a great deal of public attention on the world feod
problem.

Despite abundant harvests in the last three years, a
relatively steady fevel of food trade, and the building of
grain and financial reserves in several countries, there

*has been no significant moderation of the disturbing pro-
jections of food requirements for the 1980y and for the
rest of the century. At the Overseas Development Coun-
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eil it is estimated that, by the year 2000, the total import
demand for grain in the developing countries will be
abaut 350 millien metric tons. Under present world pro-
duction patierns, 100 million metric tons of this amoeunt
must be provided by North America — about twice the
present level of American grain export. This would. of
course. be in addition 10 meeting our incrensed domestic
and commercial demand, and therefore it is rather un-
likely that it ean be dene — and if it is done. prices will
rise rapidly. The Werld Food Conference concluded that
the only long-term solution is to increase production on
the small farms in the countries where the food deficits
prevail. .

There are several reasons for this conclusion: (a) pro-
duction increases can be achieved more clieaply in rela-
tively underdeveloped areas; (b) high shipping costs and
the attendant encrgy cosis can be avoided; (¢) most of
the warld's undesutilized crop land {in both aereage and
yield) is loeated in such areas; (d) the ineremental gain
from increased wie of agriewltursl inputs (reeds, fer-
tilizer, energy, touls, pesticides, training) is much greater
in the developing than in the industrialized countries;
(e) the dependency relationship often fostered by food
transfer programs can be mitigated; (I} undue food-
price rises in the industrialized countries and in the
poorer patis of the world can be prevented.

Although not every country can be or needs to be self-
sufficient in food, all conld becotne seff-reliant — that s,
able to purchase their food, if not grow jt. This point,
of course, relates not so much w foud policy as 10 de-
velopment policy -~ especially to rural development pol-
icy, which, since it deals with the quality of life of the
rural poor and with their health, education, employment,
and income, has a much broader scope than merely in-

)




ereasing agricultueal production. iF people cunnot buy
fod, it wskes littde sense to stress all-out production.
The world food preblem s at Jeast as wmuch one of dis-
tribution as of production; and small Farmers and roral

as the Waorld Food Clon-
cure the prineipal vie-

famibies i the poor countries -
ferenwe repeatedly emphastaed -
titns,

Help for the Small Farmer
These stall furtners

the population in nany "Phird Werld countries

ately need agricultural inputs such as approprinte -

whe constitute 80 pescent of
< glesper-

chinery, tools, fuel for their equipment. fertiliver, seeds,
and pesticides. In order to acquire these items they need

WhHeat coany other thiongs, such as credit on reasonable
terms, more equitable patterns of land holding, storage
factlities, voads, transpert, and a warketing system that
asseeces hemn o fabe return on thei investinent and their
abor, They alwo need extension services that ave adupted
to their sitwation, education, amd training  (inchuding
nanagement skills), lowscost effective health care, nu-
teition progrons, and access to fadadly-plunning services,
and envivonmental sunitation and water  purification
progrirs.,

The World Foed Conferenee established soveral insti
tutions, the most inportant of whicih is the World Feod
Council, [t cousists of representatives af 36 countries,
including the United States, whose purpose is 0 monior
and coordinate progranes aitned at carrying out the con-
ference vesolutions. The Couneil will hold its fourth ses-
sion in Mexico City later this year Advance veports
indicate, however, that it will paint a sobering picture
of nonperformance and lack of pelitical will on the part
of the countries who unanitiously pledged their support
tn (974,

The Food and Agriealture Grganieation of the United
Natians hay been working closely with the Couneil and
has inereasingly sressed the needs of the simall farner
tn the poor countries. This ephasis his been i the
forefront of thouglt in the developrent cottnunity for
many yeass, purticolarly among those who liold that nat
only societies and economies, but people, develop. In
fact, if development i3 not for people —if it does not
benefit them equitably — it may be growth, but it is not
real develapment

If one looks at the world food problem and wonders
why the food import requirements of Thicd World
countries persist in the context of the international foud
systemn, one car, only conclude that this systern, which is
part of the international economic order, is seriously
malfunctioning whern more than 330 million people are
going hungry in the world, Approaching the prohlem
fvom the angle of the supply-demand equation, as my
forrner colleague Lester Brown does, one concludes that

it is the ssadl farner who s hurt most by constraints
on fandd, water, and energy: by the shewing of tesearch
toward the conunercial warket and temperidessone agri-
vualires by the vagareies of weather: byt populition
growth sate; and by the rising food consumption of e
creasingly aillucnt elites, Finadly, if one aecepts the thesis
that people are hungry becanse they are poor, and poor
becavse they are powerbess, it is clear da the bungry,
poor, and powerless ave the small Lamers Gund the Tand-
less lborers) whao toib away in sabsistence agriculture,

The great wimptation of the industeiabized workd, when
faced with tie problem of world bunger, ix to Jook for
iechnolugical. sciemitic, or perhaps manageriai break-
thraughs - some sort of modern miracle, How do youn
increase agnculinral production in poor countries? Well,
you turn poor, illievte, suadl farmers into vich, edu-
cated, big farmers. Vou introduve high-yielding seeds,
whicl vequire Deavy inputs of fertilizer amd ivigation
wirter, as well ax more sophisticited agidealaral provesses
atd Bnd mansgement. You innovate, mechanize, mod-
erndze, and vou transfer techeology,

American agricultere s often pointed woas the workd's
maodel in botly productGon and productivity (in terms of
unit of fabor) . And American agricalture is highly capi-
tal= and energy-intensive - or we might say technolopy-
intensive — wnd tereibly wasteful, But the very suvcess
of American agricabtuee, based as it is on constantly im-
proved weehnology and an wnparadleled network of ree
search, extension, wd financial institutions, seeins to
have obscuted the real meaning of technology's impact
on society. We have tended 10 wke it for granted that
“tuore it better,” and because technology produces more,
it must be pood per se. But technelogy, for all s offec-
tiveness, is a teans — o resource thit produces sesources,
as U Thant has said. Only in an intermedinte sense is it
an end

My colleague at the Overseas Developaent Couneil,
Plenis CGioulet, has recently published a provocative book
{which some of you, | am sure, have ween) colled The
Uneertain Promive. As often happens, ity subtitle - -
Vatue Conflicts in Technolagy Transfer - reveals more
of its content than does the title iself. In this work
Goulet argues that since technology (which includes not
only products but formulas, designg, and personal know-
how) s refated primarily to production and supply, i
tends to omit from the economic cost caleulation pre-
cisely those demand.side values that are central 1o de-
velopment: the abolition of nmss poverty, the preserva-
tion of the ecosystern. and the enhancement of human
dignity.

While it is true that there is nuch hunger and mal.
nutrition in the world, those phenomena do not arise
out of production short-falls. ‘There is no shortage of
food against effective demand - that s, ability to pay




- but there is no surplus against nutritional need. The
problem, in short, is how to convert that nutritional need
into effective demand — that is, into inceme. In a way,
one may cali that the economic purpose of develapinent.
One important — perhaps the most important — way is
through increasing the productivity ef the small farms
in the poor countries. Technological inputs are part of
that process, but they have 1o be adapted (to use old-
fashioned foreign-nid terminology) for wse in different
cultural and economic settings. ‘The probability of a col-
lision course is high, because technology is inherently
dynamic, but eultuves tend to evolve slowly over time.

Problems of Transfer

When medern ageicultural methods or sophisticared
machinery are introduced under the conditions of tradi-
tional agriculizre, they van be extremely disruptive un-
less they are balanced Ly the creativity they often bring
to societies already on the way to medernization — so-
cieties out of which the technologies spring, more or less,
by a swifter evolutionary process. Technology, mere-
over, generally exhibits its efficiency in econamies of
scale, which may be altegether inapproprinte for the
smal! farmer and other rural poor.

Projects that help the poar eften enceunter many ob-
stacles. Rural peeple are ofien geographically remete and
therciore hard to reach. Prajects from which they benefit
are generally small and unsuited to conventional cost-
benefit analyss. Their developmental effects may be vis-
ible only over time and thus are not susceptible to the
appraisal and evaluation requirements of these who want
to give assistance. They are empowering the peeple whe
don't have power and are therefore threatening because,
if properly designed, they will involve **e poor in their
creation, administration, and benefits and thus begin the
redistribution of power that is essentinf if development
is to become succensful. Modernization, despite new bene-
fits it may bring, 18 inherently destabilizing. It is erucial,
I think, that the villagers, the poor, understand what is
likely to happen, and plan for it nad participate in it.
1€ they don't chwote the new techuology and adapt it,
there will not be genuine development.

Now, Goulet goes a little farther. He argues that the
value conflicts, which give his book its subtitle, arise not
only out of the ambiguous character of the values of
techinology (which he describes at some length), but
also out of the channels and mechanisms that deliver
technology from the rich countries to the poor. This con-
sideration brings me to the centrai purpose of this con-
ference, which is to discuss 1+ problems and opportuni-
ties associated with farm mechanization alternatives in
developing nations. Mechanization is not all there is to
technology, but it is the most conspicuous and the most

‘genexally understood formm of technological advance.
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There is no question that agricultural production can be
dramatically increased in developing nations through
mechanization (though more so through intermediate-
scale machivery). Through conselidation of holdings,
satellite farms, or collectivization (in a different ideologi-
cal model), vast economies of scale can also be achieved.
Bangladesh could produce four times as much rice if it
followed the Japanese mnodel; India could produce theee
times as much wheat if it were farmed like the United
States. But none of these changes necessarily improves
the lot of the poor and hungry, because the problem is
not so much production per se as it is the method of
production and the distribution of the benefits — just
as the proklem with large technology transfer is in part
the mode of transfer, which is mainly through trans-
national corporations.

The Role of the Corporation

Much has been written in recent years about the
transnational corporations: they are damned, defended,
and praised. Their critics say they are essentinlly anti-
developmental: their supporters say they are the engine
of the development, the forerunaers of a leisurely tech-
nological future. Even the awthors of Global Reach begin
by corceding that “T'he men whe run the global corpo-
rations are the first in history who have the arganization,
technelogy, meney, and ideolagy to make a eredible try
at managing the wotld as an integrated unit”' The
United Nations has issued two large volumes on the
operations of transnational corperations. and a Select
Committee of the United Stutes Senate has delved deeply
Into the same subject. Some analysts point to the stimu-
lation of worid trade and the revenues that result fror
th.eir activities; others elaim that as much as ity per-
cent of that so-called trade may actually be intrafirm
transactions that do little more than maximize profits.
The Conference Board describes the traasnationals as
one of the four “Partners in Agronomic Development”
(the others being governments, research organizations,
and “intersect organizations,” such as the United Na-
tions agencies, the Agribusiness Clouneil, private regional
investment groups, consultants, and so on). Other crities
question whether the production know-how which agri.
business firms bring to food-deficit countries helps to
feed the hungry people in those countries or whether
it mainly supplies Americans and well-fed foreigners with
Inxury products grown on land that could feed hungry
people. The jury, it seems to me, is still out.

Now I would like to present a list of questions that I
have compiled - because T tock the liberty of seeing
this conference as a kind of questioning, rather than an

t Richard J. Barnet and Ronald E. Miiller, Global Reach: The
Power of the Mullinativnal Corporation, Simon and Schuster
1975,




answering, session These are questions that | othink
might well be asked whenever we are consideting the
intracluction of a particulor piece of equipment or a
methodotogy aimed at modernizing agrieultaee, aned b
proving the fuod supply. i the developing conntries of
the waorld,

I, Has intraduction of the item ov the systiem been
decided tipon w meet & ueed pereetved by the patential
user o beneliciary, aud to what extent bave the poor
participated in the decision? Such padticipation s a
Bawsan vight that is to be fostered as muach as are fmbi-
vidhuat pelitical rights.

2. s the item within the francial means of the poor
or of a group they have organtzed to purchase and use
it? [t is senseless to try to sell o $5.000-tractor - or even
a BEO0-tactor - - to o person whose anneal incane
is ahout $100,

4 s the equipmment or systea siaple t operate, main
eait, aud repair, and B B G to be wsed by mere than
one farnily, individial, oF group, is it easy to supervise
ity use! Developing vountries are litlersd with inoperis
tive tractors, trieks, genetstors, pieces of voud equip-
ek, and pusps it are rosty from tack of maintes
nance and spore parts,

4 Can the equipment be manafisctired foeally, using
tocal materials and workmwship? 16 it can be, the busi-
teds is wnore Gikely to fit inte the local cnlture and then
evolve noturally o unprediciable, but probubly beoeli
vl wiys,

S0 0F s wse will generate more employinent, more
protit, or beiter service, hus an equitable way of allocat.
ing those benefits been devised by or with the participa-
tion of the users? In the Takase vice project, for instiance
- weliich seeks to double production in Asia by 2000,
mainty through $54 billion in irigation penjects - the
guestion of how faanens decide on wliocation of the
wirter becores eracial,

6. 1 wse of the vquipment o sysiom will giee i,
what provisions livve been made for the use of that tie

education, tuiring, part-tinge emplovinent, leisure?
For exanple, if the we of photoveftaic plates or wethane
converters as an energy sonrce in the village refeases o
barge block of titne for the wotnen and children who used
to guther lirewood for such purposes, some  thought
should be giver to prahuetive use of that time.

7. What efforts have bren made 1o aceommerdate any
signiticant changes in the status of people stermming from
the introduction of the cquipment or system? Women,
in particular, may lose major functions.

8 To what extent dees the particulir equipment, sys.
tem, or method meld with other policies and proprams
bearing on the development of the country or sector?
In Mexice, there is the gquestion of whether to increase
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reigation e expancd the area of yvaindall agricabiare; the
Latter wonld involve breakiog up kege ranches, which
agrarian refor kws have long cabied for,

9 1s the vguipient or systent i relevant inmpeovenent
ot wn ften or method trditienadly e wse, mither than

atetdly bew Bens estraneons W the indigenous coftere,
vitles, or fncentive systein? Carrent patierns of technol-
oy trausfer often exoct @ very high price, sot anly in
terns of developent objeciives, sovial justive, and e
plovient, but abo a teams of cultwal aatonmmy given
upr to stanckwdization of produets, work styles, and so o,

L How pach foreisn (Westernd cadtaral Dag

does introducing the product or establishing the
entail? Technology, in particalar, being dyvaamic and
insatiable, poses o particale challeage o calture, which
tends to be relatively statie,

The sponsers of this conference are ek in the
rrinsteeitn of efforl in regard 1o develipunent and the
seareh fur wamiadly benetiviad solutions ta due gwabbens
of low apricalird praductivity of small T, sod of
largger ik maluntrition amame the poee, Thus, nereas:
i food produerion i the developing conaties, in o
mrnner that cosires that these most in need have ecess
s hetter ford supply {(whiich fn ten msguises seveasied
e andd fobisd, s i the isterest of all prople, everys
whete,

Fle probleae of world hunger, tike e problest of
popthation growth, i et easily solved, bt the jreaple
who need aned want to be developed. o mprove their
own fives and these of theiv chiildren, e, for the most
part, ol farneers - - 2000 million of e, The develope
mient process should focas on thems i echnelogy is 1o
be transleresd amd machinery s to e intradueed, these
must be appropriate wnd adaptable o local conditions,
Bevelopment - that is, meeting veeds - pnust he the
criterion, not markeiing, Fle focus must nat be Taited
to agerienltre alone - liat s 1o production - bl st
be broid and encompass all that i et by macal de-
velopinnt, which jnchides sonergy, infrasteae e, credin,
vl tenwre, prevention of posthasvest fose, and o on,
Structural inprovenaent is essentinl, e for thae, politi-
vitd will is the eracial ingradiont,

Sotwthing can be done o hielp those msillions of small
farmers i the foodadelicit cotnteies 10 nerease ey
production in a Fashion that seconds with the funda-

which s, to ameer the
baste needs of the poor nsority by providing the appro-
priste technedopy, while respeeting the dignity of e
people and the imeprity of thetr cultare. Then the pres-
sure an our own foad supply witl be telieved, vanecessary
food price rises and idlation will be alleviated, and (he
Kind of enlightened self-interest that brings us topether
hieve eun serve the canse of social ustice

mental psarpose of developanent -

whieh s ale
the purpose of development and of life.
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am pleased to be asked to discuss my expetiences in

mechanization as it applies to the traditional systems
of small-scale farmers in Asian countries, and especially
in Japan, which is recognized as one of the successful
examples of fullscale mechanization.

Fisst, however, I would like to set eut the busic ideas
that we need to discass regarding farm mechanization,
One point # that we should think about the purpose of
mechanization, and then to what extent we should pro-
miote it. In the case of the United States, the farm pepu-
lation is under 5 percent; and I understand that in
Japan the farm population is alveady under 20 pereent.
Recently T visited West Germany. One professor told
me we should net increase tracior size because already.
in Germany, the number of farmers has seriously de-
ereated: if we decrease more. that would be too dan-
gerous.

The question is, how do we make we of the labor
supply that. sulis from mechanization? I emnploy many
people who furtaerly were from the farm and, in my
experience, the result has been very good. T don’t know
why, but I can sy they know how (o develop things
properly. But now, in the Lighly developed countries,
where mest of the people have had ne experience in
agriculture, we find social problems in these modern so-
ciettes that we didn'’t have in the eld days. This is ene
of the problems we could lace unless we determine to
what extent we should promete mechanization.

There are some other points 1 would like to male,
Mechanization has to be done in a way that preserves
the ecological balance. This is a very important point,
Also, we need to decide what our targets are — that is,
what kinds of technology and equipment we need and
what kinds of systerns will fit the various conditions that
exist in the countries we are trying to help. We also
need to decide how to promote mcchanization success-
fuily with the farmers, and how to develop a good agri-
cultural machinery industry in each country as quickly
as pessible. That means developing designs that are
suited to the particula: country, and standardizing them
so they can be efficiently and profitably produced. An-
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other point I would like to mention is that there should
he cooperazion between the industries of the more ad-
vanced nations and those of the developing countries.
We need to help them absorb the new technology, one
step at a time if necessary, sa that it witi be more
effective.

And last T weuld like to comment on the need for
effective communication, hecause te promate mechaniza-
tion it is essential that there be cooperation amoeng the
various factory owners, dealers, manufacturers, govern-
ment policy-mukers, financiers, extension personnel, busi-
ness representatives, ond so on. 1 have found that every
sector has its ewn way of communicating and thinking
and we need a system that will allow us to share our
idesy and comsunicate with one anocher. Forty-five
vears ago my father started dgricultural Machinery, a
weekly newspaper, and 1 succeeded him as editor 10
years ago. It has helped to develop our industry effec.
tively, and I mention it as one example of what com-
munication can do, And now T will let the paper which
1 have prepared speak for the other points I should like
to make for this conference,

In thinking about the mechanization of the small
farms in Asia, first I would like to talk about the ideas
mest necessary for promoting sueh mechanization, and
second, the general problems of agricultural mechaniza.
tien in developing nations. Then I would like to describe
how we have developed the mechanization of small
farms in Japan since the war, and the present state of
agricultural mechanization and its aim. Also, 1 visited
China in August-September of 1977 with several mem-
bers of the agricultural machinery industry of Japan, so
I would like to comment on the present condition of
agricultural mechanization in China and (heir coming
problems, based on my experiences there.

The most important role of the agriculiural machinery
industry is to advance the mechanization of small farms
in Asia. In discussing this, I should like to talk about
the present state and problems of the agricultural ma-
chinery industry in Asia, and how to promote the indus-
try in the developing nations. 1 also would like to discuss




the problems of designing and developing the agricul
tural machinery most suitable for developing nations.
and the teansfer of technology from advanced natdons
to develaping nations,

Basic ldeas of Agriculiural Mechonizution

People have various epiniens aboue agricalaure. Many
people considder agriculture as food production. bue !
think there is another aspect - the hunan element. By
this | meaa the farmer. who i able to produce organic
matertal that is useful for mankind from the inorganic
material that exists n seemingly limitless quantities in
the universe. This has been going on since the beginning
of history and it is all a part of a svstem of universal laws.
I agree with another view that receatly appearved — that
the earth is life fsed i which a mixeare of oreanic and
irorganic cotmpenents are harmoniously intevehanged.

But what is our situation now in the eternal history of
the universe? [ believe mankind now stands at the cross-
vaads, A chicken will die in its shell if it cannat break it.
Much effart is necessary for us to break out of our shell:
it we cannot do it, mankiod may be ruined o the future,
How can we break out of our shell? We must change
the situation that exists in parts of the world wday,
where more than 70 percent of the people work enly
te got food. Most of nunkind Hves in the areas of Asia
and more than 70 percent of them are encaged in farm-
tae. The progress of our civilication s defined by how
tvuch labor we con release from foad production. If we
eant average out the agricultural productivity in the
world, we will be able w release 30 percent of the fabor
now spent in food production aud tuen it fne other
useful purposes,

Agricuttural technology must be done in & way that
shows how eversone, evergwhere, can profit frem it The
technigue suitable for vavews fariers == small. lare,
and partstime - must be developed and provided far
ther, Machinety for the large furtn by not suitable for
the senall furm. and o mechanical system for the profes-
stonal Farfa b not sitable for the parttime fanner, A
vatiety of technical systetns it needed today. for the same
machine functions differently according o place. crop.
and season.

The Cost of Mechanization

To promote agricultural mechanization we must ik
about the cost of mechanization. the price of mactnery
anct products, and the value of the surplus time reicased
by mechanization. Agricultural mechenization  brings
much surplus labior, and it i used to satisfy vartous hu-
man desires that are cotnmon in the advanced nations
today. This is impossible in the nation in which all the
people must work only to obtain tood.
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Productive value per hoar in the nonagriculiural see-
tov i greater than in the ageiculturad sector. 'Uhis has
breen basic to the advanvement of oue civilization up o
nenv: we moved trom the agricubtural sector because the
productive value per hoor of the nonagricaiuaal sector
was high. So, today, a man werking in the agriculiaral
sector is at a comparative disadvantage in spite of the
fact that he produces foed - the wost imporemt co-
wmodity for nankingd. Thus, @ suitable agriculiural poliey
i veguired o adjust thie irmbalance, Too much feedback
to the agricultural sector delays the development of a
nation, so it is a difficult problem to fnd the ideal strue-
ture and qualine of such a policy. Looking at the history
of Japanese agriculiural mechanization afrer World War
11, the movement of populaton frots the agricularal
sector to the nenagricubural, by mechanization, brought
the fargest expansion of die gross national prodact. We
can abo see this in Purjab in Tndia and in ather Asian
countries where miechanisation  resabied 0 increased
emplovinent.

The price of Farm products varies preaddy from nadion
to nation bue it is always lower than that af industrial
products. A laborer in industey iy paid more and has
miore lelsure than the Farmer and. in many instances, his
work seems unequal to the hivd lubor of fimine: b
the econemic value of this system o the nation is well
rrcognisd,

However, there are many systems on this small earth
and some may move at a ditferent pace. If we go to
New Guinea we can find owrselves haek in the time of
the Stone Age. Tn other countries they work in the fields
with hand tools that were invented 7600 vears hefore
Cliist. Even in Japan. a small nation. some farmers use
a plow invented several hundred vewrs age while others
have the newest machines with amtomatically controtled
equipment. When we promate agricultiral mechaniza-
tionh, therefore. we nnet take into consdderation the his-
torical backeround and sestem of values of the nation,
Ou an international level there are various relationships
between the price of farm products pad the prices of
other components of the ecoromy, In regard 10 farm
machinety, for example. so much depends on the rate
of inflation in a country and the value of its currency
in terms of foreign exchange. We must have factors such
as these in mind whenever we censider making changes.

is the Food Problem a Global One?

The preblem of providing foed for mankind is im-
mense if we look at it globally, but the same may be
said when we view it as a local problem. In Asia, some
provinces always import food but others alwavs export
it; some avens are troubled with perpetual starvation but
others have abundant food cvery year. Advanced indus-



trial nations with sound currencies ave not troubled with
food shortages because they can buy whatever food is
not produced in the nation - although it con become
a problem if, for example, the wansportation of food is
stopped by war. Regardless of what may happen in the
rest of the world, the food problem is always present ior
the people in countries that do not preduce enough fond
and haven't the money 16 buy it elsewhere.

Such matters must not coutinwe. Each nation must
utilize all of its resomrces to increase food production
enough to meet its needs. The words “development” and
“import” are often heard in Japan these days. Agricul-
taral mechanization must oceur in developing nations
before they can praduce their own food sapply. But agri-
ewlwral mechanization is a local problem and mecha-
nizatien suitable for everr nation does mot exist. To
mechanize agriculture. every nation mwist Gier develop
the farmn moachinery that suit its ewn region, itn ews
crops = that i why I make a considerable point of seek-
ing & solution to the problems of faod praduction and
mechanization on a lecal or maicro-level rather than en
a global basis.

How o utilize the surplus time that results from agri-
cultural mechanization varies according to the nation's
stage of development. Agricultural mechanization, us
aleeady mentioned, ean cawse &n unemployment prob-
tetn unless the surplus time is wed preductively. Agri-
cultural mechanisation in Japon has rapidly incrensed,
along with indwstrial progress whijh has much higher
productivity than agriculture. It i€not too much to sy
that every bit of surplus time produced by agricultural
mechaniztion in Japan has gone into industry or non-
agriculiural productivity.

In developing nations, indusiry may net be advanced
encugh for farmers to find ways of using their sorplus
time when they abtain it. bui Prof. W. ]. Chaneellor of
the University of California has done some research that
gtives a good example of what can happen. Aceording to
his research in Malaysia, more than 95 percent of the
surplus time produced as a result of agricultural mecha-
nisation wos wed in profitable ways, without waste. I
rely on buman creativity te utilize the new time that
may be gained by the use of technology and I believe
that farmers can promote agricultural mechanization
fearlessly.

Mechanization for Multiple-Cropping with Rice

It is difficult to speak generally about Asia, because
matters vary between the western part, India, and the
eastern part. As progress in rice production has a great
. impacy, 1 would like to talk about small-farm meckaniza-
-~ tion in the highly populated eastern part of Asia where
- tice cropping is performed in the monsoon. There are

many rice-growing nations — India, Bangladesh, Barma,
Thailand, Indonesia, Viewam, Philippines, Malaysia,
China. Taiwan. Kovea, Japan, and others — each with
various stages of development. Agriculiural mechaniza-
tion is mast highly developed in Japan, followed by Tai-
wan, Korea, the Philippines, and "Thailand.

Agricultural mechanizntion in mest developing coun-
tries was started with intreduction of ihe machinery
from advanced mations. Then the assembly and produe-
tion of the machinery started with technical and business
cooperation. Next, some makers appested who produced
lower-priced farm machinery that could be manufac-
tured in the nation itself by changing the design. There
is a different story in the case of Japan, where, in the
enrly stages of mechanization, they invented some origi-
nal and important agricwliural machinery, such as the
impaet-tvpe rice huller, roll-type rice huller, head-feed-
ing thresher, reversible suki (a kind of plow), Mangoku
{a kind of separating seve for vnhusked and lhusked
riea}. and Beisenki (a kind of rice prader). Among the
main agricultural machinery, Japan impotied and im-
proved sprayers, pumps, engines, and tractors,

When machinery was exported to small farmers in
Asia from advanced nations it was basically designed
for use in the advanced nations. I have rarely heard
that the machinery design had been greatly changed for
Asian farmers. The machinery originally designed for
farmers in advanced nations was exported without any
madel change hecaurs it could also be used in developing
nations, but such export is often accompanied by high
cost. Farin machinery, like a plant seed, is suited to the
circumstances surrounding it. 1f we want to grow a rice
seed in another country, it will cost a great deal and will
be almost impossible 1o pgrow because the seed can't
change to suit the climate and natural features without
being adapted through plent breeding. Similarly, to
mechanize appropriately at low cost, the machinery must
be redesigned, as in plant breeding. Few people realiss
this about farm machinery, Improvement of farm ma-
chinery varies aceording to crops, climate, the farmer’s
level of ability, the number of dealers, and develop-
menta! stage of the industry. Further, we must consider
the differences in culture and social system. Even in a
small country such as Japan, farm machinery varies in
every area. An attachment on & tractor can make a
great difference.

Ir & word, to change machinery can be done at fower
cost than to change the circumstances. In developing
nations they tried to change the circumsiances and did
not change the design of the machines, But recently they
have started to design machines especiatly for developing
nations in many institutions and factories, In considering
the mechanization for developing nations, there were




many arguments about keges or smallsized machines.
As long ago as 1971, when many specialists paid no
attention to smallsizect machinery, I published articles
on this idea as the one that would huve the greatest
impaet on Asian agriculture in selving the problems of
average, small Asim: farmye, [t can be sadd that fapan i
the nation that premeted the mechaniaation of small
farms to & great extent and has conteibued much w the
advancement of the developing nations in Asia
Advanced nations assist the developing uations in vari-
ous ways. Although such ossistance s necessary, it is
tinpossible o aport oll of the necessary fan machin.
ery and to promote agricaltural mechanization with
the assistance of advanced nations alone. We must cen-
sider a system that applies surplus capital of these stall
farms for increased mechanization. The mechanization
of China s an example. China has abeut 3 mitlion
hectares of rice-transplanting avea. To supply one tiller
with 3 hp per ha, it needs 150 million hp in tillers. If
it costs B200 per hp, 330 billion s needed for the torl
eost. Na developtug nation has eneugh foreigh curreney
ta impert all the required machines,
I think multiple-cropping is the best way for the
farmers in Adia te apply dheir small eapital and promote
one step in their production. Formmately almost all nae
tony in the tropical aveas have fall solar energy and
water. Resenreh by D, Richaed Beadfield ot the fnter-
natienal Rice Research Institute (IRRI) has demons
steated the effect of mubtiple-cropping projecis. Dr
Bradfield showed that rice-cropping farmers gained an
average of more than $3,000 grosws income per ha per
year, with kreigation and wing family labor and a tiller
of 6 to 7 hp, and producing five erops per year.
The fields in Asia are subtfsct to strong sunshine and
_high temperatures in dry seasons, and the orgatic con-
- tent of the soif is very low s the fields ave sterile. How-
-ever, it we intreduce multiple-crapping there, the field
would be naked for less than 10 duys a year, and we can
increase the fertility of the field vear by year. D Beand-
field ot & yield of 34 tons per ha with Hve croppings a
year, & Hewre which con supply 78 persons with 2600
val and 55 g of protetn o day. Good feed for livestock,
vorn, and beans can be produced on these fields.
Mechantzation is necessary to promote multiple-crop.
ping, but we can see how effective the practice is. In
Taiwan, for exomple, farmers have purchased power
tilfers in the area where multiple-cropping is practiced.
New businesses appeared, to deal with manure and o
supply agricultural chemicals, pumps, and other ma-
chinery for multiple-cropping. Expericnce in some cry
*climates shows the possibitity of 50 to 130 percent in-
“crenses in food production. | believe that the multiple-
cropping project {rice and ancther erop, or double rice
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cropping) being promoted by FREL and othey vrganies-
tions witl become the greatest wotivadion for changing
the small fanus in Asice Multiple-cropping hus some
problems - in regad to pest control and irvigation, for
example. Stll, multiple-cropping is the best way to feed
the population of Asia which connot expand its fann
tand, for it increases food preduction with relatively
sinall asnounts of capital. Thaus, o promote mechanizi-
tion for nudple-croppiug is very important, especially
it the proaduction of rice.

FThere are sy opinions us fo whether a machine
shonld be used v cooperation by several funners, but it
s very ditlicult without & good Jeader, even in Japan.
Cooperative use of machines may seem o0 be a good
plan on paper but it has problems under real farming
condittons. Rice planting aud harvesting seasons are very
share, In the cooperative use of o big nchine, the order
of planting or harvesting s a gre problem for each
farmer, aud what seed and wehinigue should be used to
Al the dime fag between the st planting and the last.
t think that the cooperative use of machinery has Lide
futare in Asiie fn Jugag many institutes and the govern-
ment bave {uiled in their effors to promete it

frigation is mest necessary to projuote multiple-crop-
phys Siople irvigation equipment is needed fivst, then
ather mechanizaation such as an engine, power tillers,
theshars, and rice tsplanters should be sapphied. The
arder of introduction of machinery is very impuortant.
In fopun the thresher was in use earlier than power

h has shewn that introducing the

g iers than the power

¢ ay be introduced following the

e considered first. As for

ther large or

small and so on - these selections should be considered

carefully for different farming conditions. Research on

implements hos been slow in coming but is very im-
poEtant.

Agricuitural Industry and Machine Design

As nmientioned earlier, the development of a fapm
machinery industry within the developing nations is
quiie necessary for the promotion of agricultural mecha-
nization, and the bust system is one that produces ma-
chines that wre profitable for manafacturers. dealers, and
tariners alike,

Such muchinery must be produced with simple facili-
ties, using materdals obtained in the developing nations
as much as possible, to limit the cost of importation. Its
price should be feasible for the small farms and nust
be determined by competition and free enterprise. The
design sheuld be simple enough for local manufacturers,
dealers, and farmers to produce, sell, repair, and use it




The basic motive is profit, and when these three can
realize enough profit, development and demand wil
come. The rate of feed-back is sometimes very rapid.
In the Philippines, IRRI designed a simple tiller with-
out o side clutch, and some makers manulaciured it. A
few years later a tiller with side clutches was requested
by farmars. So, the engineers of IRRI1 got busy and de-
signed a simple tiller with side clutches. The machinery
which IRRI is now designing is nearly the same as that
of the advanced nations. This process is very important,
with makers, dealers, and users forming a cycle.to really
promote agrienltural mechanization.

The role of the dealer is apt 10 be overlooked. Farm
machinery dealership is a very small business, even in
advanced nations, and is hardly conspicuous in society;
but its role in agricultural mechanization is very great
in the United States. Japan, and other advanced nations.
And good new machinery i net suecessfi-l in a country
unless farm machinery dealers are involved, because
farm machinery dealers function as the pipeline between

manufacturers and farmers and play an aetive part in
the profit picture. By contragt, farm machinery is dis-
tnbmed by agncultuml cooperatives in many developing
nations and the system is not so effeetive. They are gen-
erally very slow to premote agricultural mechanization
because the profit motive is missing. Sometimes coopera.
tives are needed, but they wili be replaced by indepen-
dent dealers in the fuvre.

Raising the price of agricultural products is generally
the most effective means o promote sgricultural mecha-
nizatien. In Korea and Taiwon, for example, agricul-
tural mechanization showed a rapid increase after the
rice price was raised. Another important element is com-
munication. Papers and other publications are essential
because they are the most effective way to inform the
public and cbtain the cooperation of farmers, dealers,
manufacturers, policy-makers, bankers, researchers, ex-
tension peeple, school teachers, and o on, in promoting
mechanisation for the good of all.

Developing o Farm Mochinery Industry

As we have seen, the farm machinery industry should
provide profit and other incentives for the manufacturer,
the dealer, and the farmer alike. The machinery itself
should vary according to the stage of development of
indusury and agriculture in each nation. Without such
a systemn, farmers cannot develop their potentiality in
the developing nations.

The development of the farm machinery industry in
- the Philippines is a good example. When Dr. A, U. Khan
- .started his work at TRRI in 1967, he found only im-
. ported machinery — large and small tactors, a large
~ McCormick-type thresher, and other implements such as
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pumps and weeders. However, after IRR] designed some
simple machinery and made it available to the industry,
there soon appeared about twenty makers of power
tillers, and still mere thresher manufacturers. Today
there are about fifty makers of farm machinery in the
Philippines. Other countries also show progress. In
Korea, many machines are made from Japanese models.
In Taiwan, many makers are producing copies of ma-
chinery under & technical arrangement with Japan, and
are aiso improving their awn original models.

Tea design machinery for developing nations, care must
be taken in regard to production engineecing. Farm ma-
chinery can be manufactured without expensive machine
tools by redesign. Another important peint is production
volume and suiting the design o the demands. Fer ex-
ampie, an expensive mold is needed for press work and
many machines must be sold 10 redeem the investmeny;
therefore we must design machinery with a low require-
ment for press work. When we design a machine, we
must make eertain that the preeision and the price of
parts ean be supplied in the nation. Precision parts de
nat always mean good machinery for developing nations
because they must be used prec:sely by the f&rmer It
may be that rough parts are adequate in some machinery
at the beginning stages of development at least.

Precision parts, press work, and mass preduetion ean’
be intreduced when demand becomes great enough. This
has been the process of development of farm machinery
makers in advanced nations. It is difficult for the people
in developing nations to produce these machines imme-
diately. We have proposed fur a long time that we should
establish public institutes to do it, and some efforts of
this kind have been made, It is important that excellent
engineers, especially production engineers, be integrated
into the developing nations. Research activity in advance
by official institutes will provide a great ineentive,

Technolegiea! ransfer from advanced nations is nec-
essary te promote agricultural mechanization in develop-
ing nations, The problem i« how to promete the transfer
smoothly and quickly. Much information about farm
machinery is given along with the farm machinery when
it is intreduced to farmers in developing nations. As in
advanced nations, almost al! information about farm
machinery is spread through industry, often with great
effect. So the public institutes are needed to advance
the technical cooperation of industry between advanced
nations and developing nations — for example, in pro-
viding financial support for engineers of developing na-
tions to study and receive training in farm machinery
factories in advanced nations.

Much technical information is included in catalogues
and product manuals by manufacturers and it is neces-
sary that such information is easily obtained by the



developing nations. To promote technical transfer, i is
better dene by industry through their businesses than by
university professors whe serve as consuliants or by hold-
ing many international conferences,

We must also find some way to protote the feee it
port of farm machinery. When farm nuchinery is ex-
ported to developing nations from advanced nations, e
greatest bottlenock is the official export limit caused by
a foreign exchange shertage. In Jupan there way ne
vestriction on bmports, which was most necessury for the
developmernt of agricultural mechanization. [ think that
machinery factories must be estublished in ench develop-
ing nation, but we must promete free fmports of ma-
chinery from advanced nations untit the [ctories in
developing nations become a paying business.

Agticultural Mechanization in Japon

I would fike to talk briefly about the rapid progress of
agricwltwral wechaudsrion in Jupan. b can be separated
into two periods, one before World War [l and anether
after the war. Hefore the war, it oy be caid thar mecha-
nization starteel with the precessing of vice by u rice
nearling machine and hullee. The st machine owned
by farmers persorally was & man-powered thresher,
which was followed by u power thresher and an elecrric
motor. As for engines, a large, waterscooled. lowaspeed
kepouene engine appeaved fimt, and highaspeed ensines
appeared after the war to promete mass peoduction
Development of a power tiller was delayed. mainly be-
catse there was diffice™y in develaping a lighteweigit
highespeed engine.

Agricwltural mechaniaation in Japan made rapid
progress when kerosene and atee-ooled gasoline engines
an & high-speed. light-weight, snall diesel engitie were
produced along with other technolagical advancementy
after the war. In Japan, tractor howepower for tillage
was pearly gere per hectaes i 1950, Te juraped o 09
hp per ha in 960 an inerease unequiled by any other
nation in just B years, The faener in Japan had only
about ene bectare on the average, and one or two cows,
Almost all fastners weee engaged in tice cropping, and
they all used the same farming methods,

So, mechanization, which can solve the problems of
typical farmers, has inade great progress and has been
widely aceepted. The government of Japan had ad-
vanced the use of unimal power, but mechanization of
tillage increased rapidly when a sitple 2.3 hp tiller with
drawn itmplements was introduced from Ewrope and
the United States. This tifler bad a great impact by
feplacing o cow i the [ ha field. They used it not anly
for tillage but also for transport. The price of a cow was
highet than that of a tiller, so the farmer paid no money
for the tiller but gave the cow to the dealer. who took

it to the market to sell. Thus animal power decreased
constautly and machine power ineveased. It cost less
manage and operate the machine than o keep a cow,
Many people rushed inte the tiller business,

A few vewrs laters amaker of suall adrcooted engines
appeared in Jupan, and farmers could obtain o lower-
prived engine, Severad kinds of suall aircooled engines
were being imported frome Furepe and the United States
but they conld ot compete in price and capacite with
tie fapanese engine. Move than 200 makess were pro-
ducivg such engines for o titne, but alter severe cons
petition. only about ten nkers survive today.

In the 1960s there were sivns of moving away from
the tiller to a four-wheel trastor. Japanese manufac-
turers thought that 3 small four-wheel tractor with 15
hp would follow the tiller. but & government policy-
maker, after olservations in Furope and Ameriea, de-
cidedd that it woukd be econamical w pradave large-sived
packars and use thery conperadvely, A 30 pervent sub-
sidy was given w the Farmers who hougit big tactors
in common, and a subsidy for jesepech was given to the
miakers ta develop largessived fann machinery, Naturally
many makers stopped  developing small wactors and
changed to the larger size. [lowever, Kubota Tekko
Clompany continued its pesearel on ihe small four-wheel
wactor and it wose o the o Towssha Company was
the small-tractor manufacturer, The company concen-
wrated its efforts on fourawliewl tractors under 15 hp
and it still follows this practice wday, while ather manu-
facturers gave their attention o the larget tractor,

[n the early 19608 vesearch on o tice wansplanter,
inder, and a combine harvester prospered actively. A
side-delivery and bundbivg reaper appeared and spread
papidly: then a birding reaper appeared in 1965 and
replaced it In 1963 & pinset-type power vice wansplanter
for lony seedlings fren traditional seedbeds fram Manme-
terat wie ready for sale but wis veplaved by o soilless
swedling teanspluntes. “The idea of the pinset planter was
te teansplant the usual, nussery-bred seedling antomat-
culle, but it was not eusily systenastized hecavse the
seedlings were wnegual in size. Then a stundardized
seecling was developed through artificial growing and
the soilless seediing tansplanter worked successfully.

Tn 1965 a multiple-fow head-feeder combine was
introduced, and 4 two-row cotnbine was developed and
soid by Iseki in 1966, In the 1970s, transplanters, four-
wheel tractors, and combines have made rapid sales
increases, Production of four-wheel tractors amounted to
266,000 units in 1576, hut this proved to be overprodue-
tion so there was a decrease to 266,000 units in 1977,
Four-wheel tractors and combines account for most of
the farm machinery production in Japan today, amount-
ing 10 65 gereent of total production, Eighty pereent of




total preduction is in rice-cropping machinery. Mecha-
nization for other crops has progressed slowly and re-
quires more research. While the averape four-wheel
tractor shipped is 23 hp, we new make ene with 83 hp
and in 1979 there are piens to produce tracters with 100
and 120 hp.

As mentioned earlier, agricultural mechanization in
Japar owes much of its progress to the praductive use
of labor in industry that formerly was engaged directiy
in farming. Agricultural labor wsed 28 percent of its
time for Japan's industrial production in 1970 and 48
percent in 1976,

With resnect to the national economy of Japan, agri-
cuitural mechanization has been successiul in increasing
food production besides supplying industry with much
labor. It may seem that Japan is excessive in its wse of
energy. but the power necessary for producing 1 keal
of farm products in Japan is less than that of Furope
and America. Tractor power used on the farm was
73,000 hp in 1930 and has increased o 31,008.000 hp
in 1976. The labor needed for rice production was 2,043
man-hours per ha in 1930, compared with 797 man-
hours per ha in 1976,

The farm population of Japan has decreased from 16
willion in 1930 to 7.830,000 in (975, The investrent in
farm machinery in this 25-year perind amounted to
about 6.147,600 miliien yen ($30 billion}, which means
that 752,000 yen ($4,000) was invested to replace one
farmer.

The units of production of the principal farm ma-
chinery in Japan in 1977 were as follows: feur-wheel
tractors, 266,344 units; rice transplanters, 279,615; reap-
ers, 116,466; power threshers, 72,106: combines, 172,908;
dryers, 161,845 units. The total output of farm machin-
ery in 1977 was 658,800 million yen.

"There are severnl problems in regard to future agri-
cultural mechanization in Japan. One is, how can we
increase productivity by wsing the fiehls that are dis-
persed in small plots, and hew can we make the best
use of the slopes, which occupy 76 percent of the land
in Japan. Alw, we have a lot of localized torrential rains
to contend with. It is important, too, that we maintain
our forestry. The forestry population has decreased
markedly, so we need mechanization to reduce the labor
of forestry on the mountain slopes. In Japan, greenhouse
agriculture is very popular teday, so the farm machinery
industry needs to grapple with the problem of develop-
ing an automatic system that will serve this most inten-
sive form of agriculture.
_ Agricultural mechanization in Japan is thus entering
. a phase where it needs more brain power than muscle
- . power. However, thanks to the Jeclining costs of com-
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puter technology, it is expected that the brain power will
be forthcoming.

Agriculiural Machunization in Ching

i visited China for two weeks in 1977, at the i itation
af the Chinese Association of Agricularal Engineers.
The purpase of the visit was to exchange information
about agriculiural mechanizaiion, and I organised a
group of 14 persons from ewr farm machinery industey
to share in this exchange.

To understand China we must consider the faect that
overpopulation is a basic fact of life in that counury.
Recently a schalar, whe has researched the problems of
population and who has visited China, has estimated
China’s pepulation to te 900 million. It is a large nation
with an area of 960 million ka amd vuvious kinds of
peaple, culture, and agriculture,

The question we asked was, how can Japavese indus-
try conperate with agriculiueal mechanization in China?
China could make progress in agricultural mechanization
independently, but I think they could use our technology.
China has ten times more farm fand than Japan, se
there is a real opportunity to promole trade on a long-
term basis.

It seemed to me that the level of China's culture was
higher than that of Japan in seme ways. Their culture
and history have developed over a peried of 5,000 years,
and this is an impertant fact in understanding this
country. Their national policy is clearly defined. Serue
people consider it otalitarianism, hut 1 felt, in reading
the history of China, that there has always been a cur-
rent of spirit and ideology when a new dyaasty and a
new leader appeared.

Regarding the agriculture in China, intensive agricul.
ture is practiced (o utilize all of the available space. This
can be seen in the well-ordered paddy fields, fish-breed-
ing uwnder surface, and multiple-cropping. Cultivation of
the land is thorough and the weeds that nre removed
are used as green manure, to promote soil fertility, be-
cawse chemical fertilizer is scarce. Factories are widely
dispersed, which will play an impertant part in agricul-
tural mechanization. China s a large land with various
kinds of agriculture from notth to south, and regional
development will allow more progress. 1 was impressed
with their tillage machinery and their axial-flow-type
combine. They are full of ideas for developing new ma-
chinery suitable for their present needs. This is different
{rom other developing nations.

In China, labor is a nationa! virtue and people work
very hard from childhood to old age. Personal wages in
China are much lower than in Japan; thus some Kinds
of labor-intensive industry will find advantages in China,
and 1 think their low labor cost will create strong com-




petition for other aations in the future, My Bnyoossion
of Chinese factories is that they are lacking o certain
elements. Strenuous efforts for inereasing production
were being made in every factory, but there was o lack
of management of the goods in stock. such as vost ac-
vounting, rolsing funds. half-tinished work, aad 0 on.
Cogt uccounting, especially, requires dming. And. seeing
thelr products. value analysis will become increasingly

necessary, especially sinee their natwal resources are
Tunitedt. This weans raising the fevel of factury manage-
iuent, process control, and kbor management, ' think
these will be the greatese factors in increasing the pro-
cductvity of China. My Impression was that there are
many imporint faen machinery factories i China and
their production i3 el greater than § thoughi before
ey visit, which provided fivsi-hand observation,

John 8. Balis, U.S. Agency for Internaticnal
Dovelopment, described his experiences in
werking with farmess in the villages of india.
“The wacter evaluation project demonstrated
the functional ulility of small tractars on small
farms,” he said. He recommended that the
date should be analyzed in terms of specific
lecalities and suggested th~t “the benefits of
small tracter use In some areas of the world
may exceed the benefils observed in India."

Small tractors suzh as this Philippine model are

being built to replace animal power on the
small farms in o number of developing nations.

. Others include the Monowheel, designed in

“the United Kingdom and tested in Africa, the

" Kebanyole in Ugonda, ond the Tinkabi in
Swaziland.




Introducing Tractors under Twenly-five Horsepower to Small Farms

JOHN S. BALIS

Chicf, Rural Devetovment Division, Ollice of Development Resources
Bureau for Latin America and the Caribbean, Ageney for International Developient
Washington, D.C.

A.-a vreface to the more formal remaiks that § have
prepared for this conference. 1 would like to show
some slides that iflustrate our experiences in introducing
tractor power to the small farms in India. | realize that
the slides cannot be reproduced in the published proceed-
inge, but pictures seem to convey ony experience in India
better than words.

When I went to India in 1962 [ did net go with any
partieular remantic attachment toward bullocks. | went
hecause 1 thought it was pessible to apply modeen engi-
neering skills te improve upon the functional capabilities
of the traditiona! woeden plow. When we arrived in
India. Allahabad and a number of other places were
producing quite o varety of improved animal-diawn
implements. Small workshopy und «Uightly larger work-
sheps were involved in this. One of the first things we
decided 1o do was to add o the line of implemenis and,
specifically, o produce and design ar improved disk
harrow, the thought being that this was a teol that could
improve the work productivity of a pair of animals dur-
g preparation of the winter craps. We produced this
machine and put it on the market for $10. It used
wooden bearings and doubled the work preduciion of
& pair of animals.

‘The first time we took this disk harrow to the field
for farmer demonstration was during & threeday swing
through western Utear Pradesh, and 16 eut of 17 [anmers
who saw that machine work on their iind wanted us to
leave it in the feld. They said they could get the thoney
from the village if we ogreed to leave the machine there.
It was the only one we had and our purpose was not
going to be served by leaving it at one farm, but it dem-
onstrated something to us quite convincingly: that the
Indian farmer was very responsive to better tools, His
judgment agreed with the judgment we had used in
selecting our design requiremnents,

We produced some 1,500 disk harrows that year and
then we ran out of imported disk steel. It took another
three years two convince the Hindustan Steel Company
that there was o sufficient market in India to roll the
kind of sheet steel that was needed for producing disk
harrows. In other words, it is net always the fanner who
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holds up progress: it sometimes is another purt of the
supply or serviee system,

We continued to develop other machines such 2s an
animal-drawn reaper, sced diill, and others. At the same
time we inereased the production of improved animal-
drawn plows, which were the bread-and-butter item at
the time, to more than 1000 plows per month in one
facrory. That factory then expanded its aperations and
moved into modern headiuarters. Unfortunately, at that
point we began to realise something about eur selling
programn. Up ta that time, sales had been largely sub-
sidized through the black development offiver, coinmu-
nity development efficer, and other people, and we could
sell to them 1,060 plows in one arder. But when the sub-
sidy program ended and we tried to sell w individual
farmers, the company went bankrupt. The problem of
selling and distributing to individual farmers is hor.
rendous.

While we were having some suceess and many prob-
lems with improved animal-drawn implements, we began
to look more closely at what was geing on in Indian
agriculiure. Finst we noted that 200,000 diesel engines
were heing made each year and were sold for pumping
irrigation water. At the same time, the Punjab area was
Jure being introduced to power-driven threshers. Also,
the Russinns were selling some 15,000 14 Lp teacters to
Tndia. 1 is true that these tractors were not serviced very
well, and the rondside mechanics and other peaple were
doing what they call in India o rather kutcha (poor)
joh. But it kept the tractors running, and probably run-
ning as long as tractors are kept rusming in U.S. agri-
culture. In fact, at that particular time the oldest Cater-
pillar tractor and the oldest Caterpillar road grader in
service were both in India. So when you are talking
about the capabilities of mechanics in the developing
countrie., it is best to be a hit careful about sterectyping
their ahility.

In this survey of agricullure, we found one manufac-
wrer in India who was beginning to experiment with
a Japanese power tiller chagis and an Indian pumpset
engine. And in Allahabad a Peace Corps volunteer and
an Indian engineer had wken & couple of Beaver trac-




tors that were leftovers from an industeial fair. and began
ter hang some of the hmproved animaladrawn inplenents
on the baek of the tractor,

The Possibility of Multiple-Cropping

All e this ted us to look o bit more seriously at some
of the faces that we thowsht we knew, One of then kas
been alluded to repeatediy, and that 15 thae dhe land can
really Be wed bntetsively when there 3 ao need o worry
abouet frost awel where there I witer within 30 feet of
the ground surface. IF we could quickly havvest and ve-
prant the lund, we could get thres crops cn one acre of
fand i one vear's tme. And i at the same tine, we
went to the higher-vielding varieties, we would iucrease
the yvield, but we abe would increase the amount of
seraw aned the tonal work load of harvesting,

When we began o ook at agricalture in other parts
of the workd we begaa to realize that the elissic notion
that Tabor i displaced when vou inevease the nutoaber
of tractors does not show wp in the statistion in o miaber
of countries. Thus, we discovered the asociation between
intensive use of mueldues and labor, and the hivher levels
of vield. That weint we had to think more serionsdy
about which kind of power we wanted to have on the
Enelten faren.

We began by looking atain at where the animals were
and asking what sice of farte was Lest seeved by ane
pair af animals, We soon discovered that mnst of e
farmners - those of average sige and smaller accordiog
te the statistical average, which way five acres at the
time —- had no expectation of providing their power with
their owa pairs of apitnals. They all used hired power.
In fact, & quarter of the land was farmed by this group.
Vhen we looked at some of the ather groups and began
ter ask, “Are they best served by o multiple set of animals
or would they be better served by o siall tractor? We
begat to diseover that the Fartners therawdves were mt
autistiedd with the power they id. 5o we looked b ather
weonarie peinciples such a8 economies of scale. inde-
pendent sanagement, and so forth, and we concluded
that probably the stall tractor sught to be considered
gtite seriously.

It was in 1963 that [ suggested to Wallace Giles. the
agricubtural engineer with the Ford Foundation, that we
egght to try some small teaetors on Indian farms, Evens
tually we persuaded the Ford Foundation to grant about
F300,000 o Allahabud Agricultural Institute to impott
some tractors into India. We brought with each tractor
all of the implements that we thotught we could wse in
[nidin and enough sparve parts for four vears. We chose
tractors from Japan, Germany, Switzerlond, and the
United States. The Japanese tractor in the four-whee!
riding class was the Hinomoto, which at that time had

whout 10 hp, The Hobder tacwor from Germany was
about the same as o Farmall Cab, aod tere was also
the U8 made Feonomy tractor i that situe genecal
stee anel configaiation. bu the 10 hpo twaawheel class
corventionally called walking-type teactors, we brought
a Rapid tracter from Switserkind andd swo Tolder tae.
tors, oue of which had o viding sulky, We represented
the staller-type Jupatese traceor with the bekd and i
implements,

With some of g tractors we brouglit sotne unconven-
toni! implements to give ws o Hde experience with their
potendial. For example. the Rapid teactor haed o reaper-
binder which we were thinking about for the utility in
harvesting the high-vielding wheat vorieties, "That didn’t
work out well, but the double<nun thresher proved 10
be very popular for threshing sovgbnn heads, 'The seeder
thit was attached o the Tinumote tractor disd not do
well the fimt year, bat once the firmers gained condis
dence with the tractors, seethers became one of the key
interests,

Sefecting farnids gave us sole conesen at s, but
we cancluded from the heginping that we probably
showld work with the wore progressive Bamers, Conse-
quently, we asked the vitlageelevel worker and the black
developiment oflicer to vominde three o fve Tavtaers
who they thaught would cooperate. They had to be
progressive farmiers andd linked 10 the markeplace in
some wiy. We also wanted wen whe could keep shuple
records so we swked For those with at least a third-grade
education. We found that there was no trouble in find-
ing men who wanted to cooperate: two or three in every
village came forward o panicipate in the projects.

Trasctor Drivers in the Making

The first few days were preuy hiad for the men while
they were learaing how o operide a tactor. Qur train-
g progeam evolved over time into an initial threeaday
eoutine ot Alldiabad, where the e learaed  the
strrplest care of the trictor and how to operate i with
a trailer and one of two impletents, wlatever was in
season at that titue, By the end of the third day the
farnier wits able to diive the tractor from the Institute
to his home farm and put it 0 work in the field. We
visitedd the farmer abowt once a day for the first week
aned after that we visited 1em somewhat less regularly,
usualty abusat once a week, at which titne we picked up
his record of tactor use and alse eccasionally assessed
for ourselves just wltat he was doing with the machine
at that time,

Somne fnrmers did abuse the ractors, For example,
ot tan was wilking hackwards in the furrow in frout
of the tractor because he had not adjusted it properly.
if the adpustiments are done properly it is only necessary




to clutch at either end of the field, but this man had net
quite mastered the adjusiments. We had other problems
kike these, but in the three years of eperation in India,
our experiences did not differ greatly from the wracter
servicing reported by the University of [linois, for exam-
ple, in ils maintenance inspection of 60 farm wactors
in the state of Iifinois.

We tried some unconventional uses of equipment. 1
remember, for example, the reaction of same Japanese
engincers when they saw pictures of how we were using
a machine that wns made for working in wetland paddy.
In India there is a practice of dragging a log acress the
fickt to smooth the field and break the clods, to create
a mulch of fine dust and serve as a moisture conservation
practice. We could accomplish the same function with
the riding sulky and leveling biade, although the ma-
chine was not sturdy eviough for dryland use and once
in & while we had some wheel failures. We tried as beat
we could to simulate the kinds of operations that Indian
farmers were deing. one way er another, wing conven.
tional or unconventional power sources.

We conducted other. more detailed. experiments with
some of the machines at Allahabad to find aut a little
mofe about their optimum adjustment under Indian
conditions. For example, we spent quite a bit of time
in determining the aptimum weight on tires, evaluating
the performance at different plowing depths. and experi-
menting with ahernatives to moldboard plewing. such
as field eulvivating. By the end of the project we had
made Indian versions of all the imported implements,
starting with bullock-drawn implements and o welder.
We even substituted some engines, such as the Indian-
made Krishi 5 hp kerosene engine on the Beaver tractor
chassis. We tried to say to Indian manufacturers, “Look,
don't think of this as an imported tractor, think of it as
a functional 1ool.” We werc much imprewed with the
reaction, as we felt that our mest imporlant message was
to convey to entreprenewrs the potentinl of this mdestry.
One such entrepreneur, the maker of the Krishi engine,
began to develop not onfy a similur chassis but alse a
dier: * engine with a bit more howsepower for the same
kind of tractor. And the Government of India tractor-
testing station began to work with a small, simple 5 hp
version simifar to what Sears and Roebuck offers gar-
deners.

The Beneflits of Tractor Power

‘The farmers who cooperated with us in the project -
and there were 29 farmers in the whole program - were
all very enthusiastic, almost from the very beginning. In
fact, practically all of them sold their bullocks after the
first month. A little later we discovered that almest all
of them had trained their hired labor to he the tractor
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aperators and were enjoying a bit more leisure on their
own, which was a surprising thing w us. We had ex-
pected them to dismiss their labor. However, by gaining
some spare lme in this way, they found that they could
be in the marketplace in the planting season to get their
stiare of seeds and fertilizers that were in scarce supply
at that time.

So we were not surprised when we demonstraied the
tractors at farmets’ fairs and had large crowds around
the tractors all of the time. This was not a cireus exer-
cise, however, for they were asking legitimate questions
about how those tractors could be used on their farms.
¥ think probably, and most importantly, it was nat only
the cooperation of the farmers but also of the Indian
agricultiral engineers who worked with me in the proj-
ect and of the Peace Corps volunieers, that enabled us
in that period of time o demonstrate that there is an
impertant functienal rele for tractors in the small-farm
enterprises in India.

This leads me inxte the paper that I prepared in ad-
vance for this conference. 1 realive that there will be
some repetition of the cotnments that [ have already
made regarding the work in India. but [ will broaden
the subject by diseussing some of the experiences we have
had in introducing tractors of less than 23 hp in other
countries as well,

implements Increase Production

The improved agricultural implements and wols such
as those developed by Allahabad Agricukural Instituie,
and which are sold throughout India by the Agricultural
Development Seciety, make it possible wday to double
the effective cultivated area commanded by a pair of
draft cien. The use of the combination of soil-turning
plow, disk harrow and seeding machine increases both
the command area and the quality of the work done,
resulting in inerensed crop yields. With extensive pro-
motion by the government extension service and by de-
velopment agencies, these implementis have been tried
and adopted by many farmers and are now in produe-
tion by many small manufacturers in Indin and other
countries,

There are serious limitations to improved, animal-
drawn implements. Perhaps the most serious from the
farmer’s point of view is that the complele set of imple-
ments costs about the same amount as the animals that
can be displaced. In addition, the single pair of animals
cannot provide adequate threshing or irrigation capacity
at the higher production level, so the farmer must invest
in engines with pumps and threshers as he intensifies his
production. Once farmers have mastered the use and
care of improved, animal-drawn implements and pump




engines, the cansition to tractor operation i3 o modest
step.

Interest in the small tractor arises from two basic hy-
potheses about agricultute in developing countyies. The
fiest is that the smalt faven enterprise s sssentially o per-
manent insticution. While the date are fragmentary, it
appears that farms in the developing countries are be-
coming smaller due to population pressure and official
actien, in ¢pite of the obvious econmnic advantages of
larger-scale entevpeises, As a corollary to this first hypoth-
esis, it is speculated that a small farmer with independent
eontrol of a small tractor will have a greater return from
his enterprise than by shared use of n more efficient.
larger machine. The second hypothesis is that the com-
paratively large number of small farms in the developing
countries would enable economies of scale in the manu-
factuve of small tactors that could negate the usual
celationship of cosw for various traceor sives. This {atter
assumption s not eracial but it has considerable siifi-
canee in view of the gee smitication of farm enterprises
in Endia or Honduras, to cite two examples (Tables 1
and 2).

This e to the quest me What would be the pevfor-
mance of small vactors on Indan farms? The Ford
Foundation provided a grant w Allahabad Agrivuliural
Frstitute to stuchy this question.

TACLE 1. All-lndie Farm Pewer Spectrum.

Earm N Ffzm-e
Siax Number Areat
fucres) Buteer Souree {thousands)  Percent {percent)
Hivee 41,076 H2.9 19.6
Rutlocks N2 9.3 0.4
Senall tractora i, 03 13.7 0.8
o Seall tractory I, 795 4.4 17.4
Laege tractor 514 1.0 1.4
TABLE 2. Form Size in Honduras and Distribution
b Number grd Area.
Furmn
§ize Farms ~ Hrea
Fechnalogy (hat  (mumber) (G) thet (%)
Hired. .. ... ... -2 7,417 371 a.1m 2.8
One antnad paie, . 2-5 34,330 6.8 163,561 h.1
Swall tracters. ... 320 47,478 243 468,985 17.6
Japanese, dwcheel 20-380 15,184 7.8 61,464 175
Conventional
tracions, L M4 7,008 4.0 (,485,849 560
Total............ 195,297 100.0 2,655,095 100.0

Source: 1976 Agricuitural Census.

The Tractor Eveluation Project

Ender the Trctor Evaluation Project. as mentioned
earlier, four teacton types and matching implements were
purchased from eomuercial production and were placed
an representative farming enterprises. The project pro-
vided full backup servicing, spare parts, equiptnent adap.
tation, and adequate capacity to monitor performance
and ensure a sinmlation of normal favay use. 'The praject
provided inital operator training and necessuy assis-
tance for maximum use of the equipment,

Systematic performance monitoring and testing under
real field conditions was conducted through the full pe-
riod of farm use. At the end of the three-vear project.
data were available from 29 farmers for periods of 13
to 30 menths of tractor use.

The tractors were selected 1o represent Japanese, Bu-
ropean. and US, engineering practices and implement
options. Both walking and riding tvpes were obtained,
In many cases, iinproved animal-deawn implements were
madified and attached to provide the farmers with the
equipmient of their conventional practices. By purchase
of commercial rachines. the project acquired equipment
more guickly and at lower cast than by lecal develop-
ment. The expected suboptitmun performance of im-
porred equipment wis comsidered & negligivle factor,
The initial selection of equipment and spare parts pro-
vided for a wide range of study (Table 33,

The farmers wete selected for their reputation as pro-
gressive managers and for their expressed interest in co-
operating with the project, The village-level workers of
the government extension service were asked to nominate
a small group from which the project staff selected the
coopeeating furmers. The farmers were from the 3 o 5

TABLE 3. Recommended Tracter Specifications,
Tractor Evaluation Project, India, 19661969,

[ 1 113] v

Tractor style. .. ... Walking Walking Riding Riding
Engine horsepower. . 5 Hi to 15
Weight (b}, .. .. 425 650 1,000 1,500
Drive wheel size {in.}. . 410 G316 6XI10 0x24
Wheet wead minimm

(in)............... 14 24 32 37
Wheel wead waxinnen

nd..... ... ..., 23 36 36 48
Clearance (i}, . . 6 8 0 16
Whzelbase {in.}. 48 60
Framt wheel size {in) .. 410 4¥10
Turning radius (in}. .. fify 4

Source: Pragress Report No. 5 — Recommendations of Specifi-
cations for Toactors of Less Than 15 Horsepower Which Are T'o
8e Used in India, ‘Tractor Evaluation Project, Allahabad Agri-
cutltur2l Institute, October 1966.




percent of the size class in which are usually found the
innovaturs of a community. One of the facts discovered
in the selection process was that practically every village
included one or two farmers whe had strong inteeest in
having a small tractor.

The farmers were trained in the care and eperation of
equipment and in the maintenance of service and per-
formance records. The farmers were required to purchase
ail of the fuel and oil used but no rent was charged for
the use of the equipment in return for their agreement
to maintain records and cooperate in accasional deta’led
performance measurements for the various implements.
Also. as the equipment was on loan to the farmer. it was
expected that he would continue to maintain his work
animals for use after the project was completed. A team
of three Peace Corps volunteess and four Tndian agrienl.
tural engineers was weed in farmer training, operational
support. and compilation ef the performance records.
After the tractor wos assigned to the farmer, he made
the decisions regarding its use: the field staff offered
recommendations upon request but had Little to do with
decisions regarding use.

Three kinds of measurements were compiled during
the project. ‘Ti.e farmers maintained a simple, continuous
recard of tractor use. servicing. and other observations.
‘The operating records were collected weekly and were
summarized by the project staff. One engineer was as-
signed to each tractor type with the task of making com-
prehensive. precise operating studies for all tools. These
performance tests were used as a standard in reviewing
the farm performance and also as a basis for equipment
comparison and adaptation. One engineer worked full-
time in adapting the improved animal-drawn implements
for wie with the project tractors. Performance data were
collected and the adaptations were offered to the farmers
as eptienal equipment. The adapiation werk had second
priority in the project. but the staff was sufficienily ea-
pable to permit a considerable time for this activity.

What Was Learned?

The farmers used the tractor more than was expected,
reaching 500 houts per year in the second year of use.
In the first year they specialized in tiflage, hauling, and
water pumping. In the second year they tried threshing
and planting. Also in the first year they did a consider-
able amount of custom work, often tillage for a neighbor
in exchange for use of his oxen at planting time. Gen-
erally the farmers shifted to complete tractor use on
their own or family land.

Innovations, particularly more intensive land use, were
being attempted throughout the project. One of the most
. interesting observations was that all farmers sold their
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oxen after a month or so of tracter use. A few farmers
replaced the oxen with milk animals, and others noted
that the sale of fodder was an additional source of farm
income.

All farmers reported an increase in production which
resulted from a cambination of mere double-cropping
and increased yields. Before the use of tractors, the farm-
ers had realived about 130 percent crop intensity on
their land. Tractor use raised crop intensity to 150 to
180 percent and farmers indicated the intention of going
beyond 200 percent if they could continue o have tractor
power. Al farmers claimed increased per acre yields
because they were using better sceds, more fertilizer,
more irri- ation, and better timing of field work. Atwibu-
tion r* .ne vield benefits to tractor use rather than the
other inputs was not attempted although there is appar
ently a stzang interdependency (Table ).

The placement of tractors en farms was according to
the ratio of 1 to 3 acres per engine horsepower. Initially
we lacked confidence that the furmers were reporting
their farm acrenges accurately, and we were uncertain
of the optiraum size relationship. As the project devel-
oped we learned that the farmers had underreported
their land holdings. As the farmers mastered the use of
cractors, they tended to concentrate the use on an aren
of 1 t6 2 acres per engine horsepower. A few implements
were used more extensively for custom work. Another
factor tending to reduce the command area was the shift
to more double-cropping. It appears that ene horse-
power per acre may be the design basis for intensive
farming in the project area.

The impact of tractor use on hired labor was one of
the more surprising observations of the project. Because

TABLE 4. Small Tractor Performance Summary,
Tracior Evalyation Project, India, 19441969,

Years of tractoruse.............. 1= 3-5 5-10
Land area controlled, A/hp...... ¢ 4 3
Cropping intensity, %,. ... ..... 150 200 425
Trvigation pumping (he).......... 200 250 306
Tillage the). . ................ ..o 125 175 225
Carting*(he). . .......... ...... 50 50 50
Seeding thr)............ ....... ..., 50 150
Threshing (he)........ ......... ... 25 100
Spraying (he)........ ... ... ... 25 56
Miscellaneous (he). ... ......... 25 25 25
Hiredout (hre).. . ............... !—0_(1 @ e

Towalhours. ................. 506 700 900

* Does not include travel to market or nearby villages for family,
social, or similar purposes.

Souree: John 8. Balis, Progress Report No. 14 —- Summary of
the Project, Tractor Evaluation Projeet, Allahabad Agricultveral
Fnstitute. March 1967,




it was anticipated that the farmer would stop using hived
labor after relving en tiactor power, the farmer was
trainiedd as the tractor operator, Hlowever, in practically
all cases, the Farmer trained his permanent hived-oan to
aperate the tractor within u wonth or so after receiving
the teactor, This arrangement gave the Euner more
status, mere freedom to go o fown and, as it twrued
ouk, mare access e scarce supplies af improved seed and
fertitieer, At the same tivee the greater vields contributed
to a higher salary for the permanent hived-tnan and some
increase in daily wage rate work. This phenomenon was
unexpected and it was not detected in the first vear:
consequently. baseline data were not collected for thor-
otigh analvsis.

The project staff was adequate for all taining. ser-
vicing, data coltection. and analytical functions, plus
considerable study of equiprment adaptation. The radus
frr program eventrally evalved o a three-day inidal
progeae for the farmer, followed by one<loy programs
far cach lield tmplement. The farmer serviee and data
colfection vequitetnents were accomplished in weekly
visies afrer the st season of tractor uwse. Daily visits
were necessaty only duving the At week. At any tine
the farmuers could inform the project headiuartess of
special veeds, by mail or by visie using bus sewies. and
ab engineer could be on his farm the same day or the
rest day.

Locally made itaplements were adapted to all wactors
for the cetnmon and fmproved cultural practices. All of
the imported implements were demonstrated to all of
the favmrers. but many itepletnents were pot accepted
becanse it was ditficult to adape the fam eaterprise to
their use. For example, o reaper was available for one
teactor but fartaers were unaceustoted to the early
harvest necessary o oininise Held shatter losses. In
other words, the farmers would have been satisfied with
ek sirapler wactors and implernents, at least through
thie first Hve vears of tactor g

There wete sonie equiptuent servicing problems. Fos
exatuple, one Earmer replaced the crankease it of o
diesel tractor with so-ralled filtered oil tather than new
oil. Another farmner continuved to wse a cultivator after
bending a standard by hitting a rock. Two operators
were hurt seriously and machines were eccasionally oper-
ated with loose bolts or poor adjustmment for the particu-
tar field conditions, "Fhe fact was that the farmers did
fotlow the instructions as they understood them, 1t was
possible to develop a training program that worked from
the third to ffth geade education of the farmers. It was
interesting to note that the Gnal list of service problems
included nething ditferent from the University of Hlinois
study of Maintenance of Sixty Farm Tractors,
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How to Use the Experience

The Tractor Evaluation DProject demonsteved the
functional utility of spwll vactors on siall farms, Eval-
uation of the data indivates that a shuple tractor and
implements woull have been adequate for the fist five
vears of tractor use, if pot for the life of the tractor, The
imited data, however, call for specalation about the
economics of small wactor vses From the infarmation
available, it appears tat the evonomic anulysis s ais
site specific and should be undertaken in cach leenlity
of interest.

The intensive servicing provided by the project was an
imporant aspect, making this study ditferent from nu-
merous other attempts at introducing small traetors in
developing countries. The inidal taining ad service
reguirements were found to be high but they decreased
vapidly as farmors gained mastery of the equipment. A
specialized mobile feld crew for the Hest season niay be
the stratey for seting up o pralitable conunercial enter-
prise within a reasonpble lengly of time, By eliminating
the adaptation sspects and the daty collection work of
the profect, it probably would have been possible to
intraduce mere than fifty tractors within o radius of 25
kilometers during a single vear with the seven field sl
af the praject.

Use af highovielding varieties should be an established
practice before tractors wre introduced beewse high-
vielding varieties offer o potential that improved mau-
agernent and tractor power may use to advantage. The
initial use of high-vield techuology also proved to be a
reliable substitute for the farmers” having established the
conunercial linkages necessary for the purchase of fuel.
oil. and other supplies. This is not a serions constraint
te sl tractor introduction, however. as more than 90
percent of Indian wheat acieage is now in higl-yielding
vatieties,

The henefits of small ractor use i some other areas
of the world may exceed the benefits observed in Indin.
There are areas in Central and South America whete
wescls are a setious problem and where land is not col
tivated for fack of enough animals or larpe tractors
Many of these plots are limited by the tereain and are
quite likely to be best suited to small tracter operations.

Based upon the Teactor Evaluation Project, it appears
that a team o two demonstrators or servicemen might
assist a dealer in placing 20 tractors on farms in one
season. If each of these farmers were designated as a
so-called model farmer and thereby provided some help
to interested neighbors, it might be possible to expect
each tractor to stimulate the sate of one or two additional
tractors the next work season. Tf sales grew at the rate
of thwee per year for each tractor in the population,




a commercially viable enterprise could be established
rather quickly.

Micro- and macro-economics remain largely unex-
plored. The microanalysis appears to be favorable based
upon the potential for sizable production inerease. Fue-
ther, a quick comparison of simple, small tractor prices
with the costs of draft animals and irrigation pumps
reveals essentially equal prices. The maeveimpact is per-
haps even more interesting. A rapid increase in agricul
tural production is sought by all developing countries.
The prospect of achieving this with local industrial en-
terprise is very attractive. The prespects of the agricul-
tural segment’s being 2 net employer and of an expanded
consumer market are additional benefits.

There are a number of U.S. small tractors that have
the functional requirements indicated by the Tractor
Evaluation Preject. A further study of these iractons to
determing their ecenomic paiametery is needed to pro-
vide the firm basis for the investment decisions that are
necessary to set up a tractor industry.

In conclusion, I would like to refer back to the dlides
that were shown and the remarks [ made regarding the
project to train tractor drivers at Allababad Agriculiaral
Institute. I with we had a tape recording of the litde
ceremony we had te recognize the ceoperation of these
farmers at the end of the project. They said many nice
things about me but. more importantly, it would have
been good to have a record of their impreswions of how
weful this equipment had become. Perhaps I ean illus-

trate by telling the story of the farmer who come (o me
very early in the project and asked if he could get a
wactor, [ indicated that all the tractors had been as-
signed. Perhaps he thought I was wying to hold him up
for some money under the table because he reached inta
his dhioti (trousers) and pulled out a huge wad of money.
That really wos a swrprise. Why would a poor farmer
from a remete village come o Allahabad to get a race-
tor and carry probably all of his life's savings along with
him?

So 1 said, “Look. I don’t have a wactor. but if you
could tell me why you came, yow'd really help me out.”
He said, “I have three sons. 1 gave the oldest son an
education, which is what T was supposed to do, and he
actually got threugh the secondary school and is work-
ing with the state gavernment now — hut you know, that
fellow doesn’t pravide any maney for me or my wife:
in faet, every time we have a harvest he comes and de-
maads his share of the harvest. The seeond son has heard
this eldest son tell stories about the movie houses in the
city, and so forcth. I ceuldn’t afford to give him a very
goad education, but I did get him through the fourth
or fifth grade, and now he's off somewhere and pulling
a rickshaw and deeping under the railway bridge. Now,
if I don’t do something to get a tractor on my farm, I'm
afraid I'm going to lose a third son, and 1 know I can't
farm in my old age.”

That is what really made me see the importance of
small tractors in Indian agriculture,




Seme of the developing nations are manufaciuring their own
small-seale imploments that are specifically designed for the

crops and farming techniques common to the locality. One of
the mere useful devices is the power tiller, above, being used
for puddling at fire International Rice Research Institute at Los
Baiios in the Phiiippines. Below, a foot-powered pump is effi-
cient for irrigation of paddy flelds.




Custom Tractor Operations in the Far East

WILLIAM J. CHANCELLOR

Professor of Agricultueal Engineering
University of California
Davis, California

Apmlem af umall faums dominates the agricaltare of
most areas in South and Southeast Asia. The use
of efficiently applied tractor power on small farms, how-
ever, permits farm labor to be devoted to tasks of more
intensive production, and offers the advantage of mere
timely tillage and crop estabiishment than weuld have
been possible with tiaditional power sources. The tractor
contractor system makes it possible for favimers with small
heldings to use large o expensive agricultural equipment
units of high efficiency to serve their needs. Thus, the
racior contractor system appears 0 be well suited to
the existing pattern of agriculture in South and Seuth-
east Asia.

Infermation on the features of tretar contractor sys-
tems was gathered in Thailand. Malaysia, Sri Lanka, the
Philippines. and India during several studies from 1964
to 1976 {3, 5, 14). Demiled data on these sysiems in bath
Thailland and West Malavsia were obtained through a
survey conducted between August 1968 and May 1969
{3). The survey was financed by a grant from the Agri-
eultural Developnient Couneil, Ine., and was cospon-
sored by the Agricultural Engineering Division of the
Rice Department in Thailand. and by the Faculty of
Agriculture. University of Malaye, in Malaysis. The
survey invelved 432 interviews, primarily with tractor
sales agents, tractor contractors, and farmers who hire
tractor service.

Features of the Tractor Confracior System

Government-operated tractor siations first introdiced
the ideas of tractor tillage and of the contract system of
operation to meet the needs of farmers with smalt hold-
ings. Charge rates were at a level of potentinl econamic
feasibility for private contractom, and farmer demand
exceeded government station capacity, which influenced
private tractor contractors to go into business and less.
ened the need for tractor station activities.

Tractor power was an integral part of the new agri-
cultural production technolagies heing adopted. This
power permitted the rapid tillage required for double-
cropping of rice, and provided the Laree tillage forces
necessary in upiand soils for the production of crops such
as maize and cotton.
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The use of eflicient tactar power on small farms
saved many howrs of heavy tillage labor and improved
the timing of the tillage process, causing faymers to
undertake new income-producing activitics in order to
wmeet the costs of hired trastor tillage. With the saving in
nanpower, farmers ook advantage of other under-uti-
lized agricultural rsourees {land, water, nad well-devel-
oped agricwliural skills) 10 generate additional income by
increasing the scope and intensity of their production
TS T ETEN

For these interested in wacior ownership (usually
farmers with above-average holdings), e potential of
cash income from tractor services was the main factor
that mude the idea of tracter purchase economically
feaxible. As a result of the use of rural savings for tactor
purchase and of the cash-earning potential of new trac-
tor-aided agricultural production technologies, tractor
marketng firms with access to overzens fund sources
became interested in drawing on thess sources 6 pro-
vide eredit for tractor sales w farmers.

Short-term credit contracts for tractor sales influenced
tractor buyers to seek a maximum ameunt of contract
work in order to meet repayment schedules. This pro-
vided an incentive lor them to achieve efficient apera-
tion by: (a} operating the tractor many heurs each
doy. using several drivers per tractor'; (b) traveling
frem ene locution to anether to extend the working sen-
son of the tractar; {e) aetively soliciting joba from fnrm-
ert oF paying commission agents to do this: {d) main-
taining low rates for work done, to encourage more
farmers to use their services; and (e} repaiving the
' The praetice of nssocinling several drivers, a mechanic, and
perbaps o business ugent with one large tractor, reaulty in an
operating systern for which the capital-to-labor ratio is much
smaller than it would be for systems in North America where one
or two tractors of the sarme size might be owned and operated by
one farmer. This pattern of using modern, efficient technology
with low capital-to-labor raiios in settings with low labor wages
and scarce capital resonrces, acconplishes the same ohjectives as
thase toward which “intermediate technology” developments are
aimed (7). However, with the custom tractor the technology
itself is already developed, and it is anly the business structure

that is medified to make the total system more “appropriate™ for
the economic surroundingy,




tractar and equipment as quickly as possible abier tne-
chanical breakdown, to minimize foss of working thuwe

The apportupities for farmers o wse vactor tillage
spreadt eapidly throughout most agriculvwal aveas bes
tause of competition amoeng acter owners in otfering
services at low cost, Continwing effors by agricultural
extension personpel were thus not requited in this ac-
thvity.

Extensive use of tractors provided the basis for the
expansion of allied industries and busineswes such as:
(2} manufacture of tractor aplements: (h) manafac.
ture of tracter actessories and repair parts: (¢} tactor
repair workshops; and (d) tractor sales businesses.

The new rtractor-aided agriculiural production tech.
nologies and aliied industries and businesses fostered
demand for technially wained participants, and farmes
whe gained sewme free thime through the wse of wactor
contract services were thus able to ehtain such teaining.

The Custom Tracior Systam

[aternationally based wactor manufacturing and sales
feens ffered wactors for sale on 18- to 2hmonth credit
contracts requiripg 33 pepcent down payment. After
hraving hired tractor service for severn! vears, some fana.
ere with Terger holdings ased their savings, or those of
their family, to meet the down pavient foF tractor put-
chage, Purehase wis made just prior 10 tha GHage season,
The tractor was delivered with an introductory aperating
demmonstration, the promise of one of more free service
vivits, and a 6- to [2-month guarantee.

The tractor, driven by the owner and his relatives, was

used. to il the owner's Heldy and then was taken out to
...,.:.»a._:&._mm:w. of others in the community whe had
‘checked the quality of work done and then engoged the
Eractor BWREr's service.
o When the tractor areived at the costomer’s famm, soft
C o wpets T the ield were pointed out to the delver and the
teactor began to work, with the biving faemer staving to
observe. When the work was completed, the tractor
wo ower -and farmer determined field size from records or
. by measurement, nnd payment was made in cash within
T a few-days of completion of the work.

© When the tillage season ended in the owner's commu-
nity, he moved the tractor and drivisg crew 0 an area
where titlage way still in progress, sometimes as much
as 100 km away. There the owner sometimes contacted
.- farmers to-solicit work, or he sometimes used the servi
- of a commission agent to locate contracting farmers, for
“which he paid an amount equal to about 3 percent of
the contract charge. Cash payments for tillage services
permitted tractor owners to meet fuel, repair, and driver
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wage vosts whide wway from home, Mino repoars
doue by the owner himself but o repaie workshop was
Erequently wsed for major repairs.

wele

wetjor tillage work ended the
tricter was put ik storage. 11 was net used until the aext
tillage season except for bried perdods o thresh rice iy
treaeking or o sheli maiee, when these activities were
reguited i the owner's coatnunity.

When the demand £

Both Farger (15 to 20 hp) four-wheel tactors and owa-
wheel (8 to 11 hp} power tillers particizoed in tractor
hire services i Thailunel and Malavsin, Table 1 describes
the systemns in these countries, The small monetary loss
shown for four-whee] tractors in Fhailand and nwo-wheel
tractors in Malaysia was probably not imediately per-
ceived by tractor ovners an it was sliie o sonewhae
wiore fapid depreciation of the tractor than was expecied.
"Fhe sioaliness of these losses vedlects a cormmon charae-
teriutic - that is, favier-esvned teactors tend 1o be san-
sather than for profit-enk-
e, The subsantial profit shown for four-wheel tractars
e Mkt was Tiked o the Tact that a sigable nume-
ber of these were operated ax profit-generating invest-
ments by their ownes

agedt for tinancial feasibility

©

tabor Dlsplacement and Utilization

Farmers in both countries wese uble, within one or
twe years, to readjust thelr fanming operations 1o wake
use of the labor released by hiving of tractor seevice for
titlagge. ‘The very diverse kinds of adjustinents made are
described n Table 2.

“Five high proportion of abor geing into more intensive
agricltural activities in Malaysia was strongly influenced
by thie developrrient of irvigation for expanding the area
uitible for double-cropping rice, Ao, replanting pro-
grams admed at increasiog the productivity of subber
standy contributed to laber ahsorption oppertunities. In
Thailand research and estension programs aitsed at
expandding maize, cotton, and bean acreage contributed
to productive sgsicultural labor absorption opportunities.
These examples shaw how organized programs can in-
fluence the redirection of released fabor with agriciltural
skills when teactor tilage becomes available. On the
ather hand, it may have been the presence of thwse
agricultural opportunities that permitted tractor use o
hecome eronomically accepted and established in the
first place.

In additien to the centralived programs for sgriculs
waral developrient, recognition wnst be given to the high
tevel of enterprise and skili displayed by farimers i mak-
ing use of under-utilized resources in their immediate
localities and in combining these reseurces with their




* TABLE . Economic Parameters of Cuttom Troctor Operations.

Thailand Malaysia
e Tem fav val {av val)
- Holdings of farmers hiving tractors, Ba. . .c..oocoie oo ciiiiiiiici i 9.3 2.3
“ Experience with tracter service, y¥............ooii e . 4B 4.6
“Proportion never discontinuing serviee, %. ... ... R P e s . a7 90
- Proportion changing contractors hived, %. . N : - ] 2]
"Pmperliontepaﬂingmtmmramvedmwhcdukd Ve « e 56 Fi )
- Most coimmon tillage operation hived. . ...... ... ... ... oo . disk rotary
- Proportion of fields villed inadrvcondition, . ............ .o e 75 21
Propartion of farmers finding work quality satisfactory, % ... ............. ... .o 63 84
Value of tractor service o fasmers peruniteost, 9. .. ... ... ... .. L oo ool 157 151
Proportion of farmers paying cash for tractor service, %. ... ... oo iiiii i e 63.9 61.2
Proportion of faymers able to meet ractor charges from new income sources, 9. .. ... ... ... 8z 81
Proportion of tracter comractors who ave farmers, %5 ... ... i 90 at
Holdings of wractercontractars, ha. . .......... ..o W06 4.6
AVETage FACIOF DEE, ¥Fo . oo v vcerrr arrrtares cnreinii i, BT 1.8
~Months of actor warl Per YEar. ... ... ..o oot i e e 3,07 3.84
) d=wheel dotvheel Bewheel
‘. Number of traciors per owner....... .. PSP I 4 | 2.03 1.39
DIEivers PEF BAEI0F . . . .. cuoiiinnrocn i irieitetiniiainiittie s eririraiaiaiasin 2.6 1.6 2.0
Tractor workiog hews perday. . .........c.coo.0.e 17.2 9.8 9.0
Field area served per year {single opemtinn), ................................... 258 152 27
Annual operating hours per traetor. ... P ¢ 1,042 495
-j.M&nhnumtaditisntoperallon,kmmmz.mHm . (] a8 12
~ Proportion of aperating time spent raveling, %5. ... .o o 24 17 10
" Propertion of warking season used for tractor or implement repairs, %6................... .. 2% 15 16
Annual repair Costs per waetor, §.. ... o .cicoi oo i i i e 638 332 74
.................................. 0.038 0.069 0.155
............................... 2n 279 131
............................................... - 561 1,370 =50

Parcentage of Mentioned Activities

Thailand Malaysin
_______ D | 3
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¥ a nmihr quantity of agricultural labor to nonagricultural jobs,

r utilization chnngel involving (a) rental or purchase of established farm land for farm size expansion, (b) the hiring out of the
or his family fox lgm:ultuul work, or {c) the dismissal of prese:ﬂly hired workers, would tend to add to the available agricul:
tuﬂl bor supply without increasing agricultural labor demand. Thus, it is expected that this would ultimately have the effect of dis-




newly feund working tme w inerease agricultural pro-
duetivity.”

The averall system tesponse to the import of one tracs
er-vear Bs flustrated in Flgwe 1 for conditions found
it Thailand. This vesponse had the following resalis:

Lo An expenditure of $1.237 in foreign exchange for
the tractor, fuel, and 50 on and 1 datake of 815370 in
foreign exchange itional agricultural prodacts,
. An increase in oet nationsl business income of
F2621: BLAED From tractor sales, opetution, and so
on, and 35180 from services connected with the added
Barm production engendered.

30 A net loss by aericultare® of 8738 and a net loss of
employment for pesons in agriculture of 110 wman-

A atudy of 35 sl Eioes server v cissbone traetor SPCEALLTS
in Bakistan indicated thar whike the chamee v tracror difliuge wine
associareed with an fnereine fo et leosme Brom Bt 210 eupees
per acre and an fberease (b eropping utewsdty fomw 8w 126
percent. [ tenaot and one peamauent laborer were seleased, A
the sawwe tine, however, kived Jabor o cosed by B8 fublrape
epiivalent woekers (13},

"Phis loss actually mihe hase been paetially offees by reduerd
expenses for deuft anbivals and animale and bondpoweed im-
pletents, which were not considered heee,

AGRICULYURAL SECTOR

NATIONAL BUSINESS SECTOR

doye, “This last point in iselation woukl e an usatis
factory result for the agticuluwal sectar. The only way
to improve this situation i for the agriculial seetor o
sedl the LHO mac-days of vuused labor, B this Lubor
were sold ot the off-peak agricoltued wage of $058 per
watnchyy the monetary Ioss would ahmost be recovered.
However, the incsased Dusiness assoctued with wactor
supply and operation was one of the possible sides areas
fur the fabiw aveilalde from the sgricalwal sector, Spe-
ciae hbor-engaging  opportunites connected  with the
supply of one tractor-vear wonnted w327 of the 1,140
available wanwadays. The activity of tacwr driving alone
tusually done by rural labort acconnted for 343 man-
days at approximately $1LO0 per man-day {considerably
abave the basic agvicultural waged. The 527 man-days
divd vor daclude the employnient possitilites connected
with the meichandiving of spare pars and fuel or with
itesest generation and s otilization, Te addition, the
operations conaected with the new faon praduct vilue
increase in market clannels precented additionai oppor-
tunities for the sule of some of the .U man-days avail-
able from the agriculiral sector,

INTERNATIONAL
BUSINESS SECTOR

\

Y
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FIGURE 1. Estimated Economic und Labor Transfers Due to the Use of One Tractor-Year in Thoi Agriculture,




Benefits from Tracter Use

Far the conditions surveyed in Thailand and Malaysia
in 19681969, and in specitic locations n "Vhailand,
the Philippines, and Sri Lanka during 1976 (3). poten-
tials For benefits from tractor we were Huked o possi-
bitittes for tnereasing totad agricultural production. Bx-
amples are: {u) increase of land wider cubtivadion by
clearing of brush or jungle: (B) bvigadion developuwents
permitting double=cropping of areas previoushy single-
cropped: (¢) changes from traditional varieties to high-
yielding varieties: (&} changes from fow-valae crops o
high-value crops such as vegetables,

Use of tractors under such civcumstances: (a)
lensed labor from traditional tasks so that it could be
used on the additional land for new erops, or for the
move intensive management of high-vielding oy high-
value eraps: (b) permittet rapid tillage required for
detthle-cropping: and 1) allowed willage of rawh up-
[and areas mot manageable with tradidenal antmals
powered implements,

Even though potential for such benefin may prevail,
the feasibility of using custom tractor aperations to oh-
tattr thewe benefies dopends not only on having all of
the ecenomic structural elements in place o carrv owt
the transfers and exchanges illuarared in Figure 1 b
ala on balanced disteibution of the benefits frem in-
crented preduction i every parts ipant in this claborate
seenemmic structure (4),

Te-

fn the instances cited. these requirements call for:
(a} foreign exchange earnings. as well a8 remittance:
(b) read networks for nacter movement and product
tramsportation: (o) markets at stable and reasonable
prices for the anew production generated: (d} availability
of fuek spare parts, and repair services thraughout the
area seeved: (e} stable and reliable channels for eom-
wunicatons and monetary tansfers: () a “husines
sense” an the part of all pardeipants and the avoldance
of unrensonable profits, taxes. or diseconomies by all:
{g) social nerms that permil itinerant Service operators
i be accepted with a reasonable aniount of trust, and
actions by all parties to maintain such trust.

Private Versus Custom Operation

Private ewnership and use of tractors as practiced in
the Asian countries has been studied muainly under two
conditions. The first is when the fand farmed by the
owner tequires sutficient tractor use to economically jus-
tify the full capacity of the tractor. Under such cireum-
stances it i frequently possible that farm incorne is suffi-
cient to repay loans incurred in tractor purchase. An
example of the relationship between farm size rod opti-

o 4]

a1

nw tractor sizet o developing vounty and whete
tivueliness costs wre only woderately mportant, s as {ol-
lows {2V

Farw size tilled has + # ti . G
Enatinam Wiwtor

size Thpt PTG I P 8
Arratiel tractor cost

pese by S0 Aok 28 2T S 17,34
Astet] v e 14 i3 AL A2 RUT

From these figures it appears that:

L. Tvpieal power levels for conventonal fourawneel
tractors {20 hp and above) are not optinuen for many
small farms under the regime of priviate ownership and
use.®

2 Fven when the optimum teactor stee is emploved
en stnall faems, the costs per unit work done e greater
than those for aptinnuin=sized ractors on lavger farms,

3 "Fhe cost factors used in the above caleulations were
thave prevailing when avernge eustom rates for the sane
ameunt of work per hectare amounted to only §1:4.60
per ha (3). Thus private ownership and use =- even
when tractor stee is idenily suited 10 funn size — tends
1o be a move costly way of alitaining tractor services than
is custom service. Conseguently, custoan operation of
tractors can be finaocially feasible under conditions of
sutlicient economic stringency where private ownership
use, particulatly on small farms, iz unworkable, Custom
eites per unit of woark done ean be lower than costs of
ewnership for private use beeause. in cusioni work, the
wetal annual hours of werk (ever which annual fixed
costs are spread) are generally much greater than these
with private use. The mean of averave values for four-
wheel tactars daing custom work in Thailand and Ma.
laysia was 1,200 hours annually.’ This may he compared
with the puch lower values appearing in the feregaing
tahle of optimum values for private use, as developed
with eost ard “echnical data which were alse means of

H — vEWIC LB /AR in which I = optimam  horee-
pienver Fating of tractor: L = land asea worked rach year hy
the tractor: W — tated horsepower hiotrs of tractor work re-
quired vach year by o given urat of fand area: € == tractor oper-
abion enste properdonal to tite (ainly deivers’ wages): D =
titneliness coefficient, cost per unit land area per hour of delay
in completing the ttactor operation: A = ratin of annual fixed
charges o initial tractor cost: K = initial cost of tractors per
rated Horsepower.

* Costs shown are eXclusive of crop timcliness toss costs (D =
$0.025 per ha ) and are computed with energy costs at $0.02
per he br: fixed costs AK at $13 per ha yr: labor costs O at
$0.530 per he: and work required per ha W at 272 hp br.

* [ soae cases in India where high-vielding varicties were grown
on irrigated land, a 30 bp vactor conld be financially feasible
{ thotigh not necessarily optiinum) on a 12 ha larm,

P his is similar o a figure of L3096 hr per yr customn tractor
apetations in Nueva Feija Provinee in the Philippines (1),




The second comnon condition of private tractor own-
ership and use is diat in which cash savings ave wed for
tractoe sirchase, Beeauwse four-wheel tractor sives avail-
able ko the wmarke: bave T the past bad some nuvinnan
CBreguenily 33 bpto vich fBwroers with small wereages
tended to obtin uneconendeaily Rege tractors, Farm in-
eotie often was ot encugh even to pav for operation
and vepair costs of the tavtor snd it geickly el inte
distepatr. Sraller tractor siaes are now becomine avail-
ables although their prive per howsepewer for oermue
tionadly traded brands tends o be somewhat higher than
for baueger teactors.

Private ownership and use ensures the avatiahility of
tractor power at the tirme when the fanmer requires rae-
tor services, Thus, most foomers strive to owne theiy trie-
tars despite higher eosts. Because low cost i3 5o very
iaportant to sieall acreage faruers who seek onnership
ef tractoes, they will accept tewtors of very sunple de-
sign, provided that peformance s nor Tmpeired by such
devign. This tendency toward swnership for privite use
is strengthened by any reduction in availability, reliabil-
ity. guality. or mecpendiveness of custom tractor seevices,
aned by increases in the economie productivity of o eiven
Farer operation,

Farrners with anall heldings frequently offer cuctom
services ug oo way to achieve finaneial feasibility of tactor
ownersbip. Cenevally the pattern of eperation s to offer
custotn services untif the tractor cost has been recovered,
and after that to operate the tractor for private wse ouly,

Whete oew tractor supply B much s, than demand
andd where there e long waiting lists of jooprotive
purchugers, or where prices of wwd wmochines are fin
greater thus these tor pew machioes, farnmers wha de
abtatn tractors hesitate to do estensive custam work he-
cange this would more apitly wear out the tractor,
svsing the problen of acquiting o tRactor o oceur wore
vftet. Ui sare vationale o the gart of traclor ownres
prevatls whee spare purts of repale sevives, o hoth, are
difficult or expensive to obtain, These two favtors -
shortage of new wactoss or nenavailubilite of spare prarts
and repairs — thus tend to discourage cactor swaers
from effering custom services and, therefore, Tad to
under-utilization and consequent poor econeiic per-
formance of tractore in the hands of low acreage farmers,

Additional factors that tend to discourage custom
tractor service in some areas are a lack of cash by farm
househelds during the tillage season or a tendency of
households te avold expenditures so as to minimize cash
outlays (1},

Tractor Qwnership by Private Groups
Because tractors represent large copital items in most
Asian agricultural economies, some means for grouping
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the pesowtves of several persons bousialby necessary foy

tractor purchases, Very freguesdy this grouping tokes
place along Goaily e Tomany cses, the groupiag is
outy foy concentrating fuads, but sometines oo exs
tensive structure o ivolved wnone the participas,
Brusing the survey i Makosia, severa! privine groups of
thuee to five penons wiete ereountersd whivh had been
fooned For tavtor purchase and mastual we, Fao nain
forens were noted T one, wll wwsnbers were of abon
the some age and busthedding sticus, and drivivg, repair
waork, and opersting costs were equally shared. o the
other farm, ane persea wits ukiquely qualified to be in
ehurge of the tuctor speration. and charges for his ser-
viees were uniformly sharved among the group, In hoth
group forms, mewbers wers closely inked by fily,
feiendship, v Toeality, These sovaf owsemekip arrange-
ments are also disonsed by Lonnerark (100 o8 they
pertikn to o Buropein setting,

Caoperative Ownership and Operation
Dharit the TORE- 1968 srvey e "Phatland and Maliosia,
atinhg were made on antempts ar aftes-

nutterous ahsery
g customn tacter seevives taaugh farmers’ associations
which functioned as governnuwnt=sanctioned or -sponsored
couperatives, The fown® wsociations v Thadlurnd woie
operated strictly by the farmers thenwelves, with ihe
enidance and sistonee of the agriculonad extension
officer in the aven, These groups were eligible for Irans
of SL2EE which usaadly just covored the down poyment
A e brastor, Seme o we dati e sold shores ey dherr
smcthers doeget funnis $or acwe s oes Bves when dhe
o was sweured, the selling of shares was frequently
necessaby to ohtain operiting capital. Becawse of the
sizable amount of atention requited for trctor epera-
tione, managenent duties were waally divided among
soveral members, The tractor then was operated i eon-
tractor service to micinhers of the group, and frequently
to fetnetihers,

Mest of the farmess’ associations encountered i Thai-
fand had only heen operiting tractors for one or two
years, and nearly every one was having problets of one
kind or another. The tnain problenis were:

t. Neither drivers nor the member in charge of main-
tenance had uch technical esperience, so fepair cost
and time wasted during tractor breakdown were un-
usually great,

2. The member in charge of finance had o be con-
tucted when any expenditure -+ Targe or smail — had w
he made. The enordination among several people re-
suited for each decision o tractor operations generally
made these decisions cumbersome and delaved.

3. Frequently members were served on o first-come,



first-served basis, which necessitated extensive travel be
the tractor.

4. Becawse fertilizer credit accounts were frequently
used in the associations, many members chose to add the
tractor service fee to their credit account. Tractor apera-
tions then became cash deficient.

3. Nonmembers (neighbors of members) often ve-
quested tractor service, thus delaying the tractor in i
progress to the next member's field. ‘FThe tractor super-
visor at times found it necessary to serve nonmemhbers
first in order to get sufficient cash te continue tractor
operations.

6. Members’ fields were all grouped in a given area,
and all required service at approximately the same time.
The limited tillage season available for service 10 mem-
bers frequently left & nurmber of members” fields wnser-
viced, and the tractor income from servicing members’
fields was insufficient to nieet credit repayments.

7. The tractor was then wsually sent to other districts
te continue work 1o earn additional income, which meant
that many mewnbers hired outside contractors, while their
jointly owsiad tactor was bigy servicing fields of none
membes and diztant famers, This suatrern was quite
different from that envisioned at the time of vacter
purchase.

Farmers’ associations that had accumulated experience
in fracter ofieration had successfully wed the following
methads 1o vesolve some of the above-mentioned prob-
lems: '

1. Requests for tractor service were sought ahead
of time, and then arranged in biocks so that tractor travel
was minisnized.

2. Training was arranged for the head driver. He then
supervised the technical aspeets of other drivers’ work
and toek care of wactor maintensnce. This resuited in
" significantly lower repair costs and breakdown times.

3. One person was placed in charge of all scheduling,
supesvising, ond finoncing of tractor operations and was
puid 2 commission for this werk, This avoided wnau-
thorized collections by drivers and other members,

4. Credit accounts were not permitted. In exchange,
ilight reductions in the charge rate were sometimes made
for members, which tended to keep members loyal to
their own tractor.

A few formers nwocintions in Thailand were found
that had surmounted their problems, but only through
energetic, well-thought-out management practices. Ie-

spite afl the problems that a farmers’ association could
- expect when starting a tractor contracting project, there
appeared one important reason for going ahead with such
- project under certain conditions. ‘1 hese conditions oc-
curred in areas where tractor service had not been offercd
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before, such as some of the wetland vice areas in Thai-
lanel. “Tractor contractors i wsnally by-passed such
areas because of problems with getting the tractar stuck
and of securing cash paywents from viee farers with
low incomes. The use of fanners’ associations o allow
these farmiers to vbtain their own tractor service per-
mitted ploneerine of tractor work in these areas. Such
pionvers in other arcas have been followed by itinesan
tracter awners who undercut the chirge rate of the as-
sociation’s tractor and doomed the association’s project
to economic failwre, However, at the same time, this
brought low-cost tractor service to a large nunber of
favivers in the area- - something that might not have
hapypened had it not been for the seemingly unsuccesslul
pioneering tra tor project by the farmers’ assoriation.

In Malayss, the promotion of faners’ asseciations
has received very strong support from government agen-
cieg, to the extent of providing trained extonsion per-
sonnel te terve as day-to-day stafl of the msociation in
some of the arens, Again, different patterns of manage-
ment and eperation were employed. and similar prob-
fems eecurred. In some instances, strict accounting pro-
cedures resulted in the early tepasession of the vactors,
which proved disarpointing to all these sancerned. In
atlier aress, however, very intensive tractor mannygenicn:
and organization efforts were wnde, and reetor service
proved o he o succesdful and important feature of the
aveciation’s program. One suceessful operation encour-
aged ather nearby asseciations to follow a simifur pattern.
Seme features of this pattern are described below.

1. The membership was divided into “small agricul-
tural units,” each consisting of 50 or more farniilies in one
area,

2. Prior to the tillage seasen, the families in each unit
prepared a request form for the entire unit, listing indi-
vidually all fields that were © be served and the time
when service would be required.

8. The board of directors of the nssociation, with rep-
resentitives from each unit, then decided on the order
in which units would be served. Usually units making
ently requests for early service weuld be served first, but
an order of service was established and announced pub-
licly so that units to be served last could hire outside con-
tractors if necessary.

4. A supervisor was appointed for each tractor or
group of tractors working together. The supervisor was
in charge of all decisions about the tractor(s} under his
jurisdiction and was responsible for carrying out the work
specified on the work request forms which had been ap-
proved and scheduled by the board of directars, Only the
supervisor was authorized to collect money for the work
done by the tractor.

5. The approved work request forms were duplicated




in their completed form, and one copy cach was sent to

the association office, the tractor supervisor, the tractor
operators, and the chief of euch “snall agricuttural unit”
< This same form had hlanks where the pgricultural uait
chief, the tractor eperator, wnd the tractar supervisor
would all sign when the work was completed.

6. After fuel costs, drivers wages, and minor repair
costs were dedueted from the gross tractor incotne. 3 per-
cent was deducted from this balance and paid to the
tractor supervisor as his wage for seevices.

7. Credit aceounts were permitted for tractor service
and were handled in coniunction with fertilizer credit
accounts,

8. The drivers were sons of members, and received one
week’s training from the conunercial fivms from which
the tractors were purchased. Two drivers were wed per
tractor, and were paid on an houely busis.,

% The tracters were purchpsed with special low-in.
tevest, governmentsponsoted lvans available to the ase
saciation for a limited time and in limited amount.

16 The number of tractors wis iuufficient for the
needs of the favmers in the association. Therefore, the
a-sociation had taken on the ageucy for selling tweowheel
ssasters ta bath members and ronmerabers in the area.

The suceess of dis particwlar pssociation in providing
tracior services depended on many ficters, a major  ae
being an intensive effort ot thecougin management, utiliz-
ing the knowledge of persons trained in such manage-
ment to assist others in this work. A very large amount of
time wag spent by members and officers in executing
these management procedures, but apparently this non-
meonetary investinent was werthwhile.

During mere recent chservations in 1976, it appeared
that private ownershin of tractors = for beth custom
service aperation and private wie — had become so come-
ton that tractor eperation by fapners’ aweciations had
coased to grow,

Government Stations for Custom Qperation

As found in the 1968-1969 survey in Thailand and Ma-
Iaysia, povernment-sponsored tractor stations were instru-
mettal in introducing the ideas of tractor uze and con-
tract eperation. Farmers tended to feel that, since the
tractors were owned by the government, tractor service
should be provided to them either free or at a partially
subsidized cost. When tractor services were charged at a
rate high enough te allow private contractors to make
money, these contractors tenced to enter the area. When
lower rates were charged, there was less activity on the
part of private contractors until the demand greatly ex-
eeeded the tractor station capacity.

The usual procedure was for a group of farmers with
adjacent lands to join together to petition the station
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far service, After the petition was veeeived, station per.
sonnel surveved the work site and arvanged for the date
of tractor seevice aned the kind of equipiment to be dis-
patched, Tn Malasis, pavinent for ivactor services fre-
guently was made diveetly to administrative goverment
offices awd forwarded to the centrnl trensury. The only
veturn to the station was theough its annual appropria-
tiom for operating budget. Thus, deiversand other station
personnel were ot responsibile for collecting niney,
However, this sort of budget management encouraged
statton. mamagers to operate only the portion of their
tractor stock that was in the best mechanical cendition.
Basicallv, management was aimed at providing the most
service from a fixed operation hudget regardless of the
value of the tractor inventory Tsupplicd from o separate
hudget). Profit earning by (ractor StIONS wis Hot aong
the primary ebjectives considered in establishing these
stations,

Resides encouraging the stnt of wacter contiaet G-
tions, these tractor stutions smetimes sepved as both an
initlator and o check on conunercial tactor s cee
charge tevels, especially in the ey stuges of canirg o
activity. Generally, tractor service From governeseit sta-
tions was distributed evenly to farwes with all cown of
haldings.® Semetimes, however, seevice wis restricted to
those partieipating in certain extension programs aimed
at establishing new production areas or introducing new
€rop types.

During the 1968-1969 survey in Thailand and Malay-
sia, three large private or semiprivate firms were found
which hought or processed maize, tobaceo, and sugar
cane, respectively. These fiems oflered custom tractor
service te farmers who later would sell them their crops
for processing and marketing. In the case of wohaceo
sugar cane, these firims were the sole buyers for the crop
i a given area und thus were able also te extend eredit
for tractor service costs. Repayment was aceomplished
through deductions from crop sales payments.

In alt three instances, however, these Arms found that
their costs for operating tractor custor services, per unit
of work done, tended to be higher than the geing charge
by independent tractor custom service operators — once
such operators became established. Thus, after some e
these firmms discentinued these services in favor of the
independent operators. Tn one instance, certain inde-
pendent operators were put under contract to furnish
these services in the name of the firm so that the credit
aspects mentioned above could be continued.

STt was found in one instance in India that a puldic sign-up
register, indicating the sequenve in which farmers would be
served helped fatmers anticipate the thneliness of services that
would be provided, and helped avoid problemns with influential
persons requesting service out of sequence,




Logistics Problems of Large Operators

Farmess’ associations, government tractor stations, and
large processing and marketing firms all suifered major
economic and management problems in effering custom
tractor services. The extent of these problems was such
that they could not compete with small-scale, indepen-
dent operators, The reason for this state of affairs was
determined when an economic model ef the system was
made which included faciors related to wavel distances
and costs, as well as the probability of a given wactor’s
being able to service 2 given proportien of fields at any
distanice from hoine, and so on (3). Manipulation of this
model, which contained actual parometers found in the
1968-1969 survey, showed that the majer problem was
that of communication hetween customer and tractor
owner. A 60 to 70 hp wactor could serviee the land of
more farmevs than the tracior ewner was fikely to know
personally. Thus, he had e seek work in areas where he
was not well acquainted, and under such cireumstances
hie: could not find snany jobs in any une spat. This meant
that travel time and cost per unit work done increased a3
he got further from home. These problems becarne mag-
nified as the number of tractors at any one central loca-
tion increased, not only because these tractors operated
at a greater average distance from home corapared with
the single tractors, but also beeause tractors from large,
centralized operators, when operating seme distance
from their base, had ‘o compete for work with tractors
fram the lecality itself, for which communications could
be made on a personal asquaintance basis.

Large, centralized operations also faced more complex
. administrative problems usually invelving many more
formalities. Single-tracter operators were usunily family-
managed and employed family members, so problems of
trust, responsibiiity, and reliability arose less frequently
than in a more impersonal organization. Twenty-four
hourperday operation also was more administratively
compiex under formal administration than under family
management, Family-managed tractors usually had the
decision-maker in the operating crew or in daily contact
_ with the crew. This, in combination with more close-to-
. home operation, provided a distinct advantage over the

" more extended and structured monagement networks
associated with larger groups of tractors. On-the-spot
bargaining, charge rate adjustment tn suit various field
conditions, and aveidance of contracts to till extremely
-Yough fields, could be done more realistically when the
- decision-maker was in the field. In all the above respects,
the operator with one or two tractors found himseii
a better management position than a formally organized
agency with numercus tractors operating froms a cen-
tralized location was able to provide.

Tractor Sizes for Custom Operators

Tractor sales agents serving Thailand and Malaysia
initially offered miainly teactors in the 23 10 33 hp range,
since these represented the smallest units manufactured
by the cempanies represented, and small tractors were
thought to be most suitable for small farms with swall
ficlds. However, as custamn service became the main
method of tractor operation, buyer demand rapidly
shifted to the 45 to 70 hp models — aimost to the exclu-
sion of the smaller tractors. The reason for this shift was
that operators quickly diseovered that driving laher costs,
management efforts, and repair charges were little dif-
ferent for a small tractor than for a large one, but that
the rate of income was directly proportional te tracter
size. Thus, under the swringent economic conditions in
which tractor use became established, only the more
economically viable uperations using the larger tractors
were nble to suevive. In addition, the larger tractors were
better able to handle disk-plowing aperntions under the
rugged conditions on recently eleared land or for rubber
planting.

it was found that even 70 hp tractors, when equipped
with appropriate implements, could serve field sizes as
smadl as 0.16 ha without undue reduction in operating
efficiency. This meant that farmers with small holdings
or small field sizes, or beth, were not excluded from ser-
vice by the choice of 45 to 70 hp tractons.

In areas having irrigation developments to permit
double-cropping of rice, soils have gradually become
softer. Under these conditions the larger tractors have
increasingly encountered traction problems. Two-wheel
tracters in the 7 to 12 hp range, when equipped with spe-
cial wheels, have been able to operate on soils impassable
to the larger tracters. Thus, there has been a market for
these very small tractors as well, even though they were
not a3 economical to operate as were the large tractors.
Even in these small sizes, the eapacity of such tractors
generally exceeded the work requirements on holdings of
the purchasing farmer, and their costs (including loan
repuyment) exceeded his rate of income generation from
farming opecations. Purchasing farmers, therefore, found
it necessary to operate even these simall tractors in custom
service until the loan was repaid. This helped make trac-
tor service available to the farmer's neighbors, and basi-
cally improved the economy of tractor use for all con-

- cerned by spreading fixed costs over a greater number
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of acres served. However, because of the general char-
acteristics of two-wheel tractors, they did not travel to
areas very far from home, Consequently, their annual
usage was approximately 400 hours — a factor contribut-
ing to their higher operating cost per unit work done.
As time has passed, various developments in Thailand
and Malaysia have affected tractor sizes sought by farm-




ers. In both countries there has been o great deal of
management experience and knowledge gained on trac-
tor use and on crop productivity inevease. In Malaysia,
where rice prices have remained very strong, farmers in
double-cropping areas have found themselves in o suffi-
ciently goad econaric position to afford stmall four-wheel
tractors in the 13 to 20 hp range. These tactors are weore
convenient becouse the operator con vide. Management
skills have helped minimize the high costs that might
otherwise be associated with such tractors, Nevertheless,
these tractors are frequently operated in custom service
on o locakzed basts — more or less veplacing the two-
wheeled teactors in this pattern, Tractors of this size.
whet eguipped with a wetland rotary tiller. special tives,
and special wetland wheel extensions, can cope with
trsst soft vice felds.

In Thailand a different pattern has emerged with
eany focal manufacturers producing very low-cost two-
wheel tractors and some fourwheel models of up e
23 hp. This, in combination with the vise in price of -
ported  tractors, hus cowsed a partial shift w private
ownership and we of these stnall machines, with custom
service being timited to local areas enly.

Providing Repalr and Maintenance

In hoth Thailand and Malasia, the key to providing
custen tractor opekators, with local facilities for repairs
and for supplying spare poarts, has been the nature of the
credit sales contract. In most eases the eredit wos pro-
vided by the wacter distributor. This meant that the
distributor’s financial status depended an the productivity
of the tractors in the field, and it was the distributors who
were in o position te obtain spare ports supplies and teain
mecharics - which they proceeded 1o de very effectively,
Furthermore, sales arvangements cafled for Ineul sales
agents to receive tanch of their income from the monthly
paytaents made by truetor owners, Thus, when a truetor
needed repair, the sales agent und distributor felt the
impact financially along with the tractor owner, This
tnpact was poarticularly severe when the breakdown
occurred during a critieal work season and especially
when the tractor was working on a 24-hour-per-day
schedule. Consequently, the nature of the credit sabes
contract caused each of the three parties to be motivated
to perform its respective funetion, to get the tractor back
wte operation as rapidly as possible.

Distiibutor training of mechanics was aimed at up-
grading the staffs of allied lecal sales agents. However,
after some time a pumber of these mechanics started
their own tepair businesses. Although this placed an addi-
tional training burden on the distributors, it also allowed
local capital to be mobilized by the mechanics to help
increase total repair capacity. This ultimately bepefited
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both disteibutars and sales agents by helping to keep an
nereasing nutnber of traetors in productive operation,

Where government loan programs were offeved for
tactor purchase. two special program features Twlped
ensure provisions for repalr aud maintenance: (a) loans
were approved for only those mukes that were locally
wepresented by osades aeent with adequate supplies of
spare parts and with an appropeiate nunber of trained
wechandes: and (b) purchases were made anly fram foeu
siles agents and at prices negotited with themn, This
altowed each agent sufficient profit 1o maintain his vepair
facilities,

The training of tractor drivers could, by reducing the
incidence of tractor breakdown, casily save more than
the cost of waining of each driver during his first year
of work, And once the driver was trained, he would he
able o make savings vear after year, hringing o strong
reburn many tmes greawr than the funds invested in his
training. Ciovernment agencies realised this and inst-
tuted various training progroms reuging in duration from
& hours to 3 menths. In all coses. the number of appli-
wants far exceeded the openings available, amd the num-
ber of graduates wis far below the total of new tracter
drivers and mechanies entering the dield each vear.

I early pragrams in Malavsia, persons selected for
training were these hoping to find joby in these new ac-
tivities, but positions frequently weni to relatives of trac-
tor owners and not to those receiving training, However,
as time went by, some of those who received training
earlier tended te lead their emamunities in adopting
miechanieal tillage.

Procedures for selecting trainees tended to concen-
trate training on these whe were already involved in
tractor operation, either through their fanily connection
ar through their membership in a farmers' asseciation
that ewned o tractor, Tt was found that when the chiof
driver of a farmers’ associntion 1eceived teaining, he
could effectively supervise and truin subordinate drivers,

Energy Aspects of Custom Operations

In each instance where the author has encountered
custotn operations in the Far East, there has been an
accompanying change te increased agriculiurat produc-
tivity, and this increased productivity has permitted trac-
tor use to become financially feasible. At the same time,
the use of tractors has permitted the pattern of increaged
productivity to become operationally feasible, Tt is im-
pussibie to detertnine which came first, which is cause
and which is effect, or which one is more essential. In
each instance the increase in productivity involved the
more intensive use of agricultural land — Asia’s most
critical agriculturai resource - and the expenditure of
more fuel or electrical energy (3, 14},




Using economic parameters from the 19681969 sur-
vey, the cost of energy delivered to farming eperations,
per rated horsepower hour, was 537 cents for custom
operated tractors, 10 cents for water buffal, and 80 cents
for a working man. It might be expected that changes
found in 1976 would be those that teok place in the
direction of wsing tractor edergy to displace man and
anima! energy. Despite this expectation, it was found
that changes toward increased productivity actually in-
creased demands for both tractor power and manpewer,
with animal power remaining mostly unchanged. The
use of energy from tractors was applied very judiciously,
mainly for tillage. Data from three cases studied in Thai-
land, Sri Lanka, and the Philippines in 1976 indicate
that on-farm tractor use cansumed, on the average, an
energy equivalent of 37 liters of diesel fuel per hectare,
and that this amount represented anly 13 percent of the
average total fuel and clectrical energy use associated
with the praductivity-incrensing technology, with mest
of the vematning 85 percent of the energy use going to
fertilizer production and erep processing (5). The role
of custom tractor operations in these cases was to supply
eaergy at high rates of flow at the appropriate time to
make the new production-increasing technelogy feasible
from & scheduling standpeint, and to do this in a manner
that was economically feasible.

- Summary

Custom iractor operation is a management method by
which the technology embodied in capitai-intensive single
teactor units can be made available to low-ncreage, capi-
tal-short farmers of the Far East in & manner that is
economically and techaically efficient. This technology
has made available to these farmers the resource of field-
work energy at costs lower than they had known pre-
* viously and at rates of flow that Inr exceed anything they
= had experienced before. This new resource. with its spe-
cial cost and flow choracteristics, has permitted farmers

to reorganize all of the production resources at their com-
mang to achieve inereased levels of productivity.

Custern tractor operation requires the development
of an extended fechricul-sociul-economic siructure — all
parts of which must function etficiently, and all partici-
pants in which must share in the benefits gained. Because
of the complexity of such a structure and because of the
large number of interdependencies involved, there are
aumerous epportunities for the structure to perform with
a refiability level less than that required to meet the
time-dependent needs of crop production operations,
Experience in the Far East has shown, however, that it
is possible, with orderly and cooperative human perform-
ance combined with attention to management detail,
to develop and maintain an effective and efficient system
structure so that custom tractor operation can satisfac-
torily meet the feld-work needs of low-acreage [armers,

However, as these favmers have been able to increase
their precluctivity and have achieved an impreved rate
of eapital aceumulation, they have genewlly chasen to
invest this capital in small tractors for private we. Al
though this usually invelves higher costs per unit of fleld
work done, it does give farmers greater independence and
increased control over their production resources. The
history of countries with a fully developed agrieulture
has indicated that these incrensed levels of operational
independence and control have been accompanied by
further increases in productivity.

Custom tractor operation ean thus be recognized as a
passing phase in the technological development of agri-
culture - a phase that permits the introduction of low-
cnit, high-flow-rate energy as a production resource
under economic conditions where ownership of traciors,
even small tractors, for private use would be financially
infeasible. As such, custom tractor operation has been &
means of accelerating agricultura!l productivity through
the use of this energy resourece.
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he subject that Is under discussion here is overwhelm-
ing — related as it is to such a large and complex
continent encompassing 47 countries, with an equal num-
her of differing economies, and varyving stages of agricul-
tuval development. To simplify the task, T would like to
confine my remarks to what Massey-Fergusen's ap-
praaches are to providing agricultural mechanization in
the developing countries in Africa.

1 will disenss some of the praducts we sell, how we sell
themt and why, sewe of the support that Massey-Fergu-
son provides, and what cur manufacturing philosaphies
are. | will conclude with some pervonal comments about
the problems and epportunities facing African agriculs
ture it the eaming years.

The company that has become Massey-Ferguson had
its heginnings in 147 in Canada. In 1867, the first ex-
port order frore Furope was received and we embarkeg
on the road to becoming a multinational company. In
1977, our worldwide velume was $2.8 billion of which
fess than 7 percent wos in Canada, Our products ore pros
duced in 92 factories in 30 countrivs — half of which are
developing nations. In fact, about 30 percent of our total
business takes place in the developing countries. Our
products have heen sold in Africa for over 50 years, Last
vear's sales in Africa amounted to ghout 8170 million, or
& percent of the worldwide total.

Basic Touls and Farm Equipmeni

Moussey-Ferguson's farm machinery sales in Africa can
* be divided into three distinct groups: hand tools, animal-
drawn implements, snd medern trnctors, implements,
and harvesting machines. The basic tillage and cultiva-
tion tool for many subsistence farmers is the hand hoe
which we produce in several sizes for distribution through-
- out Central Africa. We make about a million of them
S every year. We also produce a range of animal-draft
. implements in Africa. These include moldboard plows,
-cultivators, spike-tooth harrows, ridgers, and planters,

_ The sates and distribution channels of hoes and ani-
‘mal-draft machines differ from those for Massey-Fergu-
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son tractors and tractor-related equipment. Because of
the relatively low price and simple technology, these
products are sold (o whelesalers who specialize in ser-
vieing the local trader. The lacal trader is the supplier of
cooking pots, eleth, blankets. matches, foods, and all
manner of goeds tequired by the vural papulation of
developing eountrics. While the trader eften sells the hoe,
plow, ar whatever, to the farmer for cash, he may fre-
quently take payment in the farm of raaive, eges, live
stack, ar some other commodity.

To simplify repairs of the aninaldraft machines, o
umiversal wreneh is supplied which fits all of the nuts
and belts on the niachine. Shares, sweeps, and tines are
of standard diniensions and are stocked by the trader as
well. Several improvements have been made to these
machines over the years, but eare has heen taken to re-
duce ulisclescenice wherever posible by not changing the
physical dimension of the parts.

Because of the need for these basic tools, we have had
little trouble in shipping from one country 1o annther —
although freight costs can become prohibitive when long
distance is involved. Among the interesting facets of sell-
ing animal-drawn tools is that colors often are very
important. Green, which symbelizes fertility in tribal
cultare, is o popular color for animal-drawn implements,
but color preferences differ among various tribes,

Before continuing, I would like to comment on the
shortcomings of these kinds of products,. We must not
underestimate the hard work and plain drudgery of using
hoes from dawn to dusk under a hot, African sun. Apart
from hund-harvesting sugar cane, there are few tasks
that are less enjoyable. The use of animal power and
stightly more advanced tools increases the work that can
be done in a day's time, but it does little 1o reduce the
drudgery and the fatigue of the farmer at the day’s end.

Problems in Using Animal Power

One of the basic problems in using animal power in
Africa is that at the time when scedbeds must be pre-
pared, the ground is at its hardest—zt the end of




winter, or the dry season —-and the animals way be in
their poorest condition because of fodder shortuges. The
peak work requireruent thus coincides with rthe lowest
point in the animal’s fitness cyele. Another problem is
that draft wnimals consuwine great quantities of feed, ¥vie
dence of their consumption was provided recently by a
Polish :r;{rit.ulm al official who estimated that if Polund's
present 2.5 million horses could be rveplaced by tractors,
the saving in feed would be encugh to ruise § million
pigs each year.

In the late 19605 and early 19705, o number of agri-
cultural experts felt that animal-deawn machines would
decrease in quantity as tractor power took over, We
have seen a leveling-off of sales of these tocls, but have
not vet seen @ definite decrease in demand. Population
groweh, of course, has wuch to do with *hw QRgEHBE
demand, Perhaps another veaon Is the hportant vole
ab oxen i the secieeconomic structure of wany teibes,
A man’s wealth and social status ave divectly ditermined
by the number of oxen he owns, The price of a bride is
sually agreed uwpon in terns of a certuin number of
exen. A man with many oxen can alford many wives,
and it & usuatly the wives whe have the sk of wsing
the hoes while the men discuss polities o some other
vitally important subject. Young men and hoys e often
the ohes who are delegated to it the Tand with animals
and antenaldrawn tools,

Why is o company like Massey tquufaon mtm‘ektvd in
fand hoes or antmaldiwn Ml anme wann sepesen
far less than | percent of ity worldwide sates mkume.’ We
believe thut these products help farmers who have the
desire to be more thun just subsistence Farmers, Animal-
drawn plows or planters can often mean that the fazmer
- for the fist thine = cun begin to do more than st
burely feed his Family. He niay be uble to wove from syb-
shiterice inte an e%(‘haﬂq& or eash crop econatmy, even i
only on i small scalte. In most areas, 3 to 10 heetares of
funel, well farmed, can produce o significant exerss for
sile or barter.

We have found that in an economic climate that pro-
vides o farmer with real incentives to improve and ex-
pand production, there is o definite progression from
hand tools to animaldrawn machines, to used tractors
and implements, to new tractors. Sonctimes this progess-
ston tikes place within a relatively short period of one
lifetime ; in other instances it will be generations in de-
veloping. Much depends on the policy of the government
voncerned, and the development of extension services,
support facilities. and fooed marketing systems. 1 would
like to discuss briefly some intermediate forms of agricul-
tural mechanization — that is, what exists between ani-
mal power and 33 to 40 hp conventional tractors,

74

intermediate Forms of Mechanization

Much work has been done, especially in Adrica, in
developing small tractors and winches to replace animals
aud which, 1t is heped, will cost less than new or usid
conventional tractors, Among these we the Monowheel,
designed in the United Kingdom and tested {n Afriea;
the Kabanvolo in Ugandas the Vinkadd in Swazilind ; the
Swidl, a Hght-weight winch; and the Spider. which is a
winching tractor. ‘Twouwheel tractors which are popular
in Japan and China have also been tested in' Africa.

The Monowheel, Kabanyolo, and Tinkabi are tractors
designed to handle mounted implements such as a single.
or twe-furrow, 8- or 10-iach plow. Of these, the Swazi-
lind-procuced "Cinkabi is probahly clasest to being s conn
wierciad suecess, The Snail is a selfepropelled winely which
palls an wnimaldraft ope of iniplament across the field
o @ eabile, and the Spider uses the wineh principle but,
instead of having two wheels, is of a trievele design per-
mitting the wineh opetator o vide. The implement
aperator on the Spider st walk hehind g contral the
anplement. Most of these machines have heen designed
to be assembled locally from various power and trans-
mission eamponetits.

The Internationul Institute of Trapical Agriculture
(IFFAY at Thadau in Nigeria has been experimenting
with twoewheel, walk-belhiud (ructens siinilar to those
used in Jupan. The TITA is working on o total farming
svgten: seing o voviate of st oapd yof just the mecha-
nization aspect of tropical farming. They are studying
crop selection and the use of various mulches to control
weeds and conserve moisture, and have developed i row-
crop planter which penetrates a heavyegrowing muleh to
deposit single sceds at even spacing.

My own eompany, and ot least two of our eomapetitoes,
have at various timmes built prototypes of small interme:
diate tructom for the developing world, In alt of these
intermediate machiney, traction, stubility, epetator com.
fort, safety, wnd solatively high cost have been basie
problems. With the added need for service and service
training, parts, and sales network, no company has as
vet found the way to a commercially viable project using
intermedinte-powered machines.

At present we are working with various research and
government departments in the broad arca of interme-
diate wechanization, and most of this work is taking
place 1n Africa. It is not yet clear whether a cornmer-
cially snecessful, inespensive small tractor or tractortike
power unit which works well in the various crops and
farming conditions of the developing world is possible,
Two men, John Kilgour and C. P. Crossiey, from the
United Kingdom's National College of Agricultural Engi-
neering, have written differing papers on the subject.




These have been publishied (n the JubveAugust 1976 and
May-fune 1977 fssues of World Crops, aud | ostrongly
recotmend the papers o thse of vou who are nterested
tn this subject,

Oue of the fuctors that ate dampering the widespread
acceptonce of intennediate techoology by the  stall
fartner s pevchological. T involves stagus - these e
chines do not look like teactors, When the farser has
the desive uad the financing to wake the move from and-
wiabdrawa tnmpletnents to mechanical power. he does
not want o machine that appears to him, his family, and
his neighbors to be something designed for a poor, mar-
ginal farmer. He would much prefer a good recongdi-
goned. semall, wsecd actor which evervone will bmanes
diately recosnize as being superior, and the ownership
of which will enbiinee his status,

From un economie sabddpoing, o wed wacior with two
or three used buplements may cost about the same as
new intermediate toachine with the teols to perform the
satme functions, The wsed tuctor almost certainly hos
superior perfermance, compured o the intennediote
machine. The fuel consunption of the two, to tll equal
atnounts of lanel, will probably be lower in the used
tractor hecane of meee effictont tracian with wrighl
transfer. The skill required to operate the tvo machines
and the traiping needed to acquire the skiil will be abouw
the same. In terins of serviee — the ease of repair and
the availubility of repaiv parts -~ the ueed seactor probe
ablv has an advantage.

been selling it developiog counteies for many years,
MasseyaFerpuson tuw bad disteibutors established for well
over 30 yeure b tnost parts of Africa, We have tratned
aperators aned service people foe many, many years, and
becarse of the population of tractors aud machines, the
parts inventories to suppott thein ave far more available
than those to support o few new, shusuil, isrermediae
machines, In saving this. T do not contend that there
are ne jmmobilized tractors sitting in developing coun-
tries, ‘These things happen. far too often, but they will
almost certainly happen with parts for intermediate
machines ag well, When [ read sbout the extensive
problema of immobilized farm machinery in USSR and
other planned-economy countries, [ am led to believe
that the multinational fartn machinery conipanics are
doing o reasonably good job of keeping their machines
working. Our industry is working with the governments
of several developing countries to improve the parts and
service support te agricultural machinery, ‘Training,
which 1 will discuss later, is one way of improving the
sttuation to a considerable degree.

~1
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tneentives for Production:

The question of increasing foad proaduction, reducing
drudgery, amd umitaming or dmproving el unem-
ploytuent i net just a gquestion of wechautzation, Prob-
ablby the wost itnportant factor w et Barmers nust ave
astrong incentive to produce at higher levels than thase
of subsistence furtuers, who wage only o keep their
farnilies alive. Tou frequenty, the cheap food price poli-
cles of governsents in developiig countries result in little
iwcentive o produce more fomd. Alsa, there must be
markets for the extra production, This requires an entire
transportation system of soads, tucks, railways, or other
foras of saitable trunsportation. If roads, they st he
abl-weather ones, enabling o steady How of food from
the praducer 10 the warkets, Fheve must also be some
Lind of storage and processing Gacilities and, of course,
wsvstern of vetail disteibaatiou.

The entive syster of facilities Tor ellicient distribution
of foed within & conmtry, ot ot i prodic o the producer,
sak and dees create wmany emiploviment opportunies -
many of which st be o the rurad e, As agricolare
develops aud prospers, the purket for agrieultural sup-
plies - - fertilizers, pesticides, herbicides, and machinery
expinids, us do the purad minkets for elothes, radios,
hieyeles, sewihng machines, sud ol of the other products
needed by o dynaenie population,

Agricultural developiment is o comaplex syster of hun-
dreds of interrelated fuctors, Even in highly planned and
tightly controlled econonies, the course of agricultural
development hus not been sinooth, But it must take place
if we are to fertd the evel-oipamBng world population,

What do lage, multinationnd farm wachinery com-
paariied do to assistin the mechanization of the developing
countries? {n Masev-Fergson, we do many things, and
T would like to touch o some of the most imporiant,

Owner Training Programs

The company has always believed that agricultura]
development and expansion can only be achieved -
the support of sitnubtaneous programs of educatic -
training in the production of agricultural markineny s
its efficient uiilization, To obtain the greates: productivity
and longest life from agricultural machinery, the owner
or operator must know how to opecate, adjust, and main-
tain it. The training needed to provide this knowledge
is particularly inportant in developing countries where
many farmers have little or no prior experience of com-
plex wechanical equipment, Mussey-Ferguson provides
this instruction through comprehensive owner-training
programs. These programs include courses for distribu-
tars, agricultural advisers, and government personnel,
onssite instruction in local clsses and with mobile train-




ing units, and operators’ wanuals with other struetiosal
material,

As with ol mechanical equipinent, noresal wear and
ugage of ageicultural machinery reguives skilled wechan-
foy ancd servicernen to take repaies s replacetuents,
Well-teained and properly equipped mechanics e vita!
to the achiovernent of effective o wechaniaation, Mass
soy-Fergusor provides service training 1w dealers ond
distritutors around the world - - and to government end
agricultural school structors - in ous many teaiving
centers, by sending ont feld technicians, and theough
special eassite programs, setvice anids, technieal bule
tetinis, too Bty wall charts, and other trainiug aids,

The compatyy adso provides steuction for deater
and distributor parts personnel at training centers and
through onsite classes conducted by owr field parts spe-
ciulists. We have a cadre of highly trained instructers
who undertake specific training assignnents on ereiery,
ard who wre supplied with very cuvefully developed
tdning aids and couwrse material. We have o large tain-
by center at Soneledgh i Euglund, which bag hecome
the facal point of course content and teaining materind
developruent for most of the world, Al of our wavelling
tnseructors are trained ot Stoneleigh, and diseribigors
send their stafls there for training and refresher courses
on a regular basis,

We also train staft for vious governments. An exs
areple of this wig o recent request from o Nowth Al
can country to train 25 selected voung web o becotie
farm machinery mechanies, workshop supervisors, and
trainees. All 2% wainees went to Eoglund for 32 weeks
for instruction in elementory technical tratning at a
technici! college, and for practical field operation and
workshiops training at our Stoneleigh Training Center,
They then returned to theie own country for four weeks
of earefully supervised ensthe job training.

At the end of this J6-week period this group was ea-
pable of performing all but the highest rechnieal levels
of fault diaguesis, repair, aperation, and adjustinent of
farm machineey, Twelve of the most prowising teainees
were slected for 20 weeks of further waining back ot
Stoneleizh, This session included fuither intensive tech-
nieal tralning, ag well ag workshop munogement, persoii-
nel supervision, perionnel recruitment and selection, and
warraily and puarts systetns and procedures. Their final
‘training was in instructional techriques and course de-

‘velopment. The top four students were then given an
additionai four weeks' training in specialized systerns,
These youny men ate now back in thelr own country,
managing workshops and training others.

o We'supplement our onsterzitory training instructors
with fuliv equipped mobile training schools consisting of
arge teadler trucks, with the trailers fitted out as class-

rooqas, complete with slide and wovimg pictwre equips
tent, cut-away models, their own electric genemtors,
and se one These schools are very elfeciive in wking
CRHRING O FeInote areas,

AMassev=Ferguson distribagtors inmost Afvican countries
have their owa taining centers, complete with clags
roots, workstiops, aud tields for dewwstrating aud west-
ing, ol they wse waining aids and vourse materials pre-
pirved by Massev-Ferguson. Fhey ewsplov fuli-time trained
instructors asud often tie their taining into the county’s

formal edurationad sisten,

Agricultural Advisory Servicos

Magsey-Ferguson alse b s sgricubtural wlvisory sev-
vice, staffed with quadified agrcviiead experts. When
reqquestedd, this group provides developing counries with
guidance in the selection and application of farm -
chinery for specilic projects.

Loca! Manufacturing Projects

Mussey-Fevguson also partivipaies in loead favm -
chinery assembly and wonufactaring prejects in develop-
ing countries, At present we ave involved in wraetor as-
serbly projeets in Bgvpt, Moroceo, and Libva, and we
are cugrently negobinting with govepnments an
cind interests in several other Afvican nations for assems-
bly/manufocture and technical assistance. Our technical
services and speeial operations divisions wese formed
provide this special assistance (o local manufacturing
projects, For several yeurs we have had o liconsing ar-
rangement with o manufactrer in Kenya that allows
him to produce several of our implements locally.

It must be recognized that in almost every case where
developing countries have gone into the local assembly
or manufacture of traciors and faidy sophistonted -
plemnents, the eosts ave higher than for imperted ma-
chines. The unit costs of producing one 1o three thousand
tractors in & country with a just-emerging industrial base
R hever compare to the costs of producing 80 te 100
thewsand tractors in o well-equipped, modern facory
using highly skilled workers. However, local nessembly
and manufacture do reduge o some degree the eash
outtlow of the developing nation.

Farmn machinery manufacturing tends to be more
capital intensive than labcr intensive. The amount of
lubor tequired varies inversely with the amount of capital
invested in plant and machinerv. Frequently we find
that officials of developing nations insist upon the very
latest techmolugy avidlabie when enablisiing facories,
For example, numerically controlled machines produce
components much faster than less sophisticated machines
can, and these advanced machines require far less man-
power, This i+ a delicate aren, involving national pride

el comper-



and the personal seositivity of people. A showcase trctor
factory with the mest moders egquiptnent can be o suantet
of great inportunce to politicians, The fact that using
less autetnated equipwient to produce the sume end
praduct wordid genetate wore stployient by often fost
in the development of a project.

When a developing country decides to move inte Jocal
manufactuee, 1t wuadly  avites several  nwbtinationa
companies to subtit propesals, Competition is very high
and not confined to North Amevican or West European
compaties. Sare Bast Furopean cotpunies are especially
active i prowetig theiv own tractors wne know-hew.

o the Future, it is unlikely that the bighly developed
agricultural nations will be uble o expand food produc-
tion at the eate they have achieved since World War LL
Little tand remains that can be added to production and,
while preductivity gains can be expected from improved
crop genetics, fertilizer, and mechanization, the real gains
in food production must come in the developing couns
tries. The developing countries have nereased food pro-
duction abeout 12 percent since 1972, but populstion has
inceeased by 133 pereent. Figure b illustrates the per
raphia foad production of developed, centrally planned,
and developing countries. Table U campares food produc-
tion in millions of metrle tons compared o population.

Asowe have sad, i hunger is o be olminated i this
world, the futuee growth in feod prodaction must come
from the deve'oping workl, Somehow, the developing
countries pmst feed thetselves, This will require agri
cultural mechanization, but pwelmmigation is only one
of the fuctors 1 this development, The progress will not
be withouwt problems, and some sethucks. Intelligent
planing and hoplemettation ave needed.

Much of the future growth of companies such s
Massey-Ferguson will be in the developing countries, We
are wware of this, and we are equally awaee of our re-
spemsibilities ine participating in teiv development. Bt
as we Jave said, wechanization wone s not the answer.
The tining, pace, ane forme of the roduction of agri-
cultueal echnology nuast be plannied and carsied out in
such o way us 1o aveid any secial disruption and eco-
nomte dislocation.

Farm snechanization and the displacement of labor in
developing countries is o coutentious issue which { do
net intend o get inte at this pointe Bue T do commend
to vou two booklets - “The Pace and Forme of Farnn
Mechanization in the Developing Countries™ and “Uhe
Effects of Engine Power on Development and Employ-
ent” = which have been published by our corpany in
an effort to present a ludanced view of the problem,
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Jo Casvao: This morning it was mentioned that agricul-
ture is precdictable. [ believe that every action wuwle by
planners, particularly in the agricultural sector, will lead
to o certain effect. We live been discussing the problem
of agricultural technalogy for developing nations, and
one solution that every speaker is teving to suggest is the
mechanization of the siall farms. T believe that this is
net o wew approach. For example. in the Philippines,
as P, Khan showed us, locally moamdaciared agrivul.
twral muchines abready hove heen made avaituble there,
and D Ralis told we about the efforts to mechanize
India’s fartns since 1962, My question is, what is the
present stage of success in the mechanization of stoall
farms in the developing nations? Do you think that 100
percent of the farmers woukd go into mechanization with
their b to 10 hectare farms despite the increasing price
of oil, or should [ sav, the energy crisis?

Jo 8 Baekis To expect that 100 percent of all Bumes
would do any one thing is really not very wise in tenns
of what technology will do. There will be some fanners
whe are best seeved be stnall tracters, there will be some
wha will be best served by inmproved antmal-drawn b-
plernents, and there will be other farmers who, on the
short tern, will be best seevedd by wsing tractor hiring and
whn, perliaps, of the longer tevm, will prefer to convent
to their own, personally owned, power. [ think that what
our cotfe.cnee i eeally ahout. s orting out what i
appropriate technology and the thing that T would like
te ermphasize is that technology is inherently quite lim-
ited. It just does not work for everybody at all times. In
fact, most of us take it for granted that the equipment
on the dealer’s showlfloor in New York state is quite
different feemn that in Indiona. When we go overseas we
think everything is going to be the sime and we are
beginning to learn, with the experience of the last 23
years, what the whtle differences are, and shout hew
any numbers are involved in different categories. We
do not know enough, though, w deterrmine exactly what
is going to be needed. That Is my philosephieal attitude
but 1 cannot give vou real hard numbers,

W, . Cuancevion: In regard to sotne percentage Ag-
ures. for Thailand and Malaysia, surveys have shown
that, in one vear, the tractors operated in custom hire
serviced a number of acres that was approximately equal
tor half the number of acres under nonpermanent crops.
This means that less than half of the work was done by
tractors, but if we take this balf and divide it by the
typieal number of operations per crop which tractors

Audience Discussion

potentially might complete, it might be only half. This
means that possibiy 30 peveent, or sumwething of this sort,
of the total potential werk the tactors might have pee-
formed ou the fields of these two comntries, was aetually
done by the tractors. The average farn size for those
hiving tractors in Thailind wos about 10 hectares and
approximately 4 ar 5 heetares in Malavsia,

ML Mebavanine: ik that the extent of wecha-
nization of small furms should depend on the small furm
operators perecption of what good mechanization i
gaoing to do — in other words, his perception of the need
for mechanizatiow. | think many of us from outside these
countries tend to feel that we have wovs of decpening or
intensifving the small farmer’s perception of that need,
and I do not believe that owsidse thought is necessarily
bad. [ think the real question is whether we approach our
effort to deepen his jrereeption fram o marketing point
of view ar from the viewpoint of supply ar of develop-
ment -~ that s, by making un effore 1o understand his
areeds and help him move forward, not coming in fremy
the outside with a sert of prepackaged fornmla,

B B Nestmick: T st wanted o thank Mr, Kishida
and Mr. Hakes for insisting that the private, free enter-
prive, profitamotivated system is one of the best for foad
delivery systems. | wanted to ask Mr. MeLaughlin
whethier [ heard hits correctly. T believe be saicd tht
American agrieulture was terribly wasteful, [ assuine he
meant that to be in terms of energy. The current figure
that Dr. R. €. Ward {rom Celorade State University
gives on the use of energy in agriculture - - ar in the food
systemt, | should say — is about 16 percent of the energy
use in the United States. But do nat blame all of that
on agriculture beeause 5.5 percent of that gees to the
production of foed and another d percent goes to the
prepugation of foedd in restaurants and away from home.
I would then ask if that was what you meant or, if not,
what was the hasis of your ngumption that American
agriculture is extremely or terribly waseful,

MeLavaartas: First of all 1 said the Aincrican food
systemn, as all of you bave pointed out, is terribly wasteful,
I do not want to back away from the question. T'o e
the American food systeny inchudes producers, processors,
transporters, equipment suppliers, wholesusiers, and re-
tailers — and, as a4 matter of fact, consumers. The most
waste probably occurs when you drive home from the
supermarket with a 3,000-pound vehicle and forty dollars’
worth of food. The waste is in the system in the United




States, not on the producers’ end. | agree with that, On
the other poitt that you wade, 1 want to say something
about post-harvest losses because it seems (o we those
figures vary, We get the FAQ (Food and Agriculture
Ovganization) figures, that 13 te 40 percent of the ho-
vest is lost in some of the developing countries, after
growing, Clearty, if sowe of that coubd be reduced, say if
it could be cut in balf, we bave gone o Tong way wward
sabving the world food problet, at least temporarily. And
it seens to me that post-dwevest loss is one of the areas
maost susceptible to indigenous echnological advance, |
krow that the FAO has funded sotae projects in Africa
- truining progeams for focal people en how to build
pest-resistant storage structures, giving them their choice
of maybe Gve systers. Bock to your basie poitt, however,
[ think t:e big waste 5 in the foad svstern, anvwhere
from the packaging of cereals in boxes that look prety
but do not contain very much nutrient value, on up to
any number of examples we might nowe. Sometimes we
think there ought to be sore reseavch that goes through
the whole food system, to find out whether an uncon-
seiomahle profit is being wade at some wersect in te
process. My guess i that there probably is no single
place where this happens, and therefore we bave mit even
higger problem, because that means the whaele system,
except to the producer from the B gate, is wasteful,

E. W, Hawes: | would just like to odd that 1 think,
wherever vou look n tevins of agricultural technology
teclay, it tends to be petroleum-hased and the whaole
question of farte machinery i3 an evolutionary rather
than revolutionary kind of development. T think that
probably for the next few years, certainly. the world will
devote adequate petroleunm sesources to agriculture to
produce food. [ think the alternative of peaple going
hungey s completely unnceeptable to any nation in e
world, and I think it is probably far better for urban
people te walk te their jobs instead of *aking rtheir eats,
than it is te ask the farmers to produce less for the sake
of consesving sorne Fossil enerey.,

Y. Kesrewa: | would bike to comment o one thing, The
agricultural mechanization syster in Japan is eften seen
s usihg too much over its margip in the mitter of energy.
But I would like to say that the power necessary for pro-
ducing one kilocalorie of farm product is smaller there
than in America. According to 2 comparison by Yoshi-
kuni Kishida in 1968, 4,000 keal of food were produced
per horsepower in Japaa, compared with less than 1,000
keal in America. At that time we ased more than 3 hp of
tractor per hectare, but still the energy wed for food
production was much less than here. And the basic
constituent of designing machinery for the Japanese mar-
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ket abready was concertied about the Joss T the case of
the thresher. we have to design on the basis of o chan,
to keep the loss of the geait at beast under 002 10 003 per.
centc But | oean see that inomany cses the developing
coutitries are resivicted in thelr resources, and hat neans
we sGIE have o consider how we can save ey, how
we can save wateniabs o make the wehnology work.

Moelovamoax: T think, with respect 10 ULS, pgricaliuee,
there is considerable vesearch going on o lower the
enevey dnput. For exampae, sotne of the plan geneties
vesearch which i going inte developing seeds that are
plratosvuthetically more efficient or cae fix their own
nitrogen, biologival poest conurol, anything that can re-
duce the petrolmn input inta pesticides or fertifizers
would, it seemis to e, improve the officiency of U8,
agriculture from the standpoint of energy wse. It would
also benefit the small farmers in poor countries, because
if you can build improvement o the seed, so it does
not teed to have o lor of fernlizer snd irrigation wates,
virs tight be able w belp thesn ot oo,

K. ML Peanson. T owis wondering, relative o the last
comment thae Mr. Hakos wisde, just what kinsd of re
search are the motonsed manufacturers doing to eventu-
ally replace machinery that is operated with increasingly
expensive and apparently searee petrolewn prowicts!

Ftakes: Well, T ean ouly speek for one company. | do
not presume to know what our competiters are dong in
this field, and we all play it elose to our vests beeatise it
wouldd pive ur a decided commercinl advintage if we
were the first to bring sut a new generition of wwuctors
or combines or whatever, using something other than
petroleum as the fuel. Over the last 10 years we have
spent several mithon deliars Tooking st ahernative types
af encrgy supplies, testing then, We have also warked
closely with & nurmber of institutions that have develaped
new concepts in fuel, but ar this stage. and heeause of
the commereinl nature of it, 1 really would not like 10
chiseuss the speelfic woy tat we are now spending our
ey, Perliaps one of my espetitors here we ald like
0 CONELHE.

Cuancetron: On that wopic, you hear. this morning
about the use of alcohol us a2 motor fuel as deriv-J from
sugar cane in Brazil, and this is one possibility that is
under investigation on a very larg~ scale at this time. A
second possibility, which [ understand has heen held in
reserve by the people in Sweden, is the use of roducer
gas from wood chips as & tractor fuel, and units are
available to be moumed on tractors to provide tis power
from wood chips i petrolenn is sot available, It causes



a reduction of power output to approximately 80 percent
of the original level, and the tractor seenss io he able to
function noemally. This sort of research is being carried
out by a number of universities here, and IRRIT ( Inter-
national Rice Research Institute) is working on this and
I know at least one major company that is working on
this method of supplying power to tractors without re-
sorting to petroleum fuel.

Hakes: One comment zbout the Brazilian experiment
= it uses alcohol as an additive to gasoline or diesel fuel,
not as a replacement for them.

Bavnis: I have been in Brazil for the jast three years with
IMBRAFA, the federal vesearch organtzation for Brazil
in azricalture, and the statement that T would like to
make is this: They de have plans now to substitute aleo-
hel far 20 percent of Yeir gasaline consumption, by mix-
ing it with gasoline, by the early 1980s. But this is not
th+ir total program. They are talking in terms of going
into siraight alcohol, and there are small engine manu-
facturers who are testing engines operating on anhydrous
alcohol. And T just wanted to add this ane paint beeause
it is very closely related te this subject. The major manu-
facturers o multinationals, T think, have a unique e
spsenaibility in terms of this, and I ask this question: Can
the multinationals make derisions that weuld previde for
deficiencies in individual nations, rather than in terms
of a weighted average of the world? Afiter ali, the savings
of a two-dollar galion of fuel wi' buy a technologic:’
development that sixty cents in savings would not buj.

Haxzs: T am not sure that 1 understand the last come«
ment. You are asking, can we make decisions in respect
to the individual conntries rather than or o worldwide
or countrywide bisis? Yeu, certainly we can. But to de-
velop different proxiuets for each country increases the
development cost und often increases the nmount of
toolage and capital investment required. We do have n
very real responsibility to our shareholders to praduce

engoing revetue for themn. T would like als.. to say that

our product development work conivs from the profits
that we do or do not generate, whereas some of the very,
very interestic work that you saw today {and T do not
- discount it at all} was funded by inetiiutions, foundations,
“and 3o on.

J- A. STewanrt: One comment regarding fuel conswmnp-
-tion. We have two tractors on our farm, one very large
‘one and a medium-sized tractor, and I want to tell you
- that the farm machinery manufacturers who made those

tractors_have provided increased efficiency in fuel con-

sumpdott. We use less diese] fuel per acre with the very
large wactor than we did with the medium-sized ractor,
and T think the companics are doing a magnificent job
in trying to work out this energy situation, The question
that I want te ask is for Dr. McLaughlin. Tie mentioned
that if we have incrensed use of technology in the de-
veloping countries, this will help in the towl food pic-
ture, and I believe he also mentioned, if 1 heard him
correctly, that the Nerth Americar continent would have
te export increased supplies of fond by the vear 2000, |
theught I heard the ligure that we would have to double
the exports. I{ I dud, can we have the technology and the
facilities to produce and export that amount of foad?

McLavenuas: Yes, vou heard me correctly. although 1
did not say “increased technolomy™ in the poor coun-
tries but “increased agricultural produciion.”” The North
American eontinent now exports about 100 million tons
of grain a year. That is up frem 35 million tens in the
last 10 vears, which is far more than deuble. But I think
the real question is, if the aumbers we are dealing with
are aceurate, and if the demand - the gruin require-
ment — in developing market economies is going te go
;> 350 million tons by the end of the eentury, and if the
current production patterns continue worldwide, then
100 millien more tons will have to come from the North
American continent. What 1 tried to say was, 1 think
it is most unlikely that the North American continent
can produce double the export grr*a ond take care of
its other ongoing consumption increases.

Stewart: | support this because, at the present time,
for example, we are exporting over 50 percent of the
soybeans that we raise in the United States and our stor-
age facilities and our transportation facilities are now
beginning to be taxed. T think yeur ohservation is correct
and I think this is another serious point of attention if
we want to participate in helping the total world faod
picture.

Kiuszipa: As to how we ean improve the encigy con-
sumption to promote mechanization, one great possibitity
another 20 years or so from now is utilization of the
microprocessor. If we can compare a human being and
a machine, human beings cannot utilize their power very
effectively. And now the microprocessor and similar kinds
of systemns are rapidly down in price, so maybe in the
near future every farmer can order one of these special
systerns direct [rom the factory. Then he can automati-
cally make the systems work as he desires for his individual
farm. ‘This kind of systemn ean assict the operator in the
develaping country. Many people think this kind of tech-




nology is too saphisticated, oo complicated, but T think
this kind ef technology is needed, certainly in the case
of Japan anct the United States. to boprove the fuel
consumption of tractors and other kinds of machinery.
Many manufacturers are now working on i, in hoth
Japan and the United Seves. Yestevday [ ovisited one
company, Dickey-John, which s doing research and is
now selling such o product o fncrease the efficieney of
utilization in tructors sud other mochivery. Maybe this
kind of techuology is ane of the solutions ta the problem
of enerey use,

JoR. Caseneer: [ want to make o eotnment about effi-
ciencies and energy. Beware when vou listen o these,
hut [ am going to give one to vou anvway, If we look at
rice production we find that in the United States we
tequire about 6.3 mdliion W7 per ton of rice while
in Japan they do it a little e efficiently at 6.2 million
HEU's pee ton, Then we go to Tuiwan and it goes up
te & milltion BT L per ton and in Tndia it s up to around
19 million BT per ton of rice. Sa vou might say that
the nclusteial comnteiey of Jupan and the United States
are producing food move efficiently, That is true in re-
gard te energy, but it s hased in Loge part, particularly
in this countey, on fossl fuels. And T would recommend.
to any who are interested in this matter, the very good
hook culled Eneegy and dgriculture in the Fhird World:
o Report to the Encigy Policy Broject of the Ford Foun-
dation,

Keastipa: [ would tike to udd another comment abowt
the pricitg policy of form products. The government of
Jupan heavily s beidives farmers, even in this day and
age, For example, this vear the Jupanese governtnent
spent 9@ percent of the totul gross national prodduct on
agriculture. but agricultial production provides onle 4
peesent of total GNP With this subsidy, the Japanese
favmer can get more income than the average U8,
farmer, The Jupanew faones hag only 11 heetares for
phe average gross incote of 5.5 milhion yer. © chink §
can say this i mere than UM, faemens receive, except
for sotue on the bigger facrns. ‘Fhis shows that simall farn-
vy, with sbtable help from government, can get the
better ¢ ditions that ity people have, Other very good
examples are Koren and Thailand. After the government
started supporting the rice price, it dropped very quickly
it both Thailand and Kerea. Now, these two countries
had the same problem as Japan — that is, a surplus of
rice. All three countries have started regenerating the
transplanting of the rice arew, but dhis policy may be
faling in the case of Japan because the Japanese farmer
can easily increase the vield per hectare by 1) percent,

ML Esaavs Finterpret that as cesating an effective
denand among the stall farmers, as was desceibed here
eatlier. They receive an income that pennits thea o he
it the economic streurn and to sutisiy their demands.

W T, Breoneor: Fiest a statement and then o question.
We have beer Gitking abowt the Beazilian experience in
the use of aleohol as fuel and how they will pechaps be
completely on abcobol fuel by 1947, What has not heen
tatked sbout is the even more ambitious projeet of going
te the production of charcoal from forests, which will
ke care of steel producion and other usese And this
leacks e to v question, We have been talking about
agriculture, bat the forests are i wuch greater jeapardy
than our agriculture. Now | know that the industry is
doing guite well, building foresiey hinvesting machinery
for cutting from 3 te 7 or 8 trees per minute, but T have
vet to find wmuch interest in building machinery for for-
estry. § am wondering what the panel Jeels abour this
subject af veforestabion, now that we know how to out
the fovests down,

Cuaneertow: T omight say that recently at Davis we
started a ferest engineering program, and Liaong the re-
seitrciy prejects there now, we have had primare emphasis
ot planting systems. If you look at the current papers
appearing i the Amevican Society of Agrienltural Engt-
neers jeurnat on the subjeet of forest engineering, there
is ptieh more interest now in planting systems, as apposed
to harvesting ustents s we saw eatlier. And it Jooks as
if the planting syseins group is going w cateh v, pro-
vided somebody does not think of something else to do
with the fand when the planter qets there.

Ksioa: 1 weould tike to make another comment about
multiple-cropping and its mechanization. T think that
wultiple<cropping is a kined of cnergyasving messure to
produce move foad, especially in tractor-powered coun-
teies, Hut the need to design sudtable machimery to mechine
nize the multiple-cropping method is great, beeawse the
concept of dedigning machinery for multiple-cropping
reciiiires a Dittle different approach, Abo, iv multiple-
cropping meihiods, machinery should be designed for
groupy of crops. In many cases in Earope and the United
States their machinery system is designed for one crop,
Perhaps a systems approach is needed to design a set of
machines for mechanization of a gtoup of crops. In the
case of Asia, especially in tractor-powered regions, if
they can introduce a multiple-cropping method, with
the smcilost pecsible investment in machin ery, this is the
best way to increase their income, ond this approach to
mechanization is very important.




For me to stand up here and tell you what you heard
during this conforence would be insulting to vour
intelligence, so I do not plan o do that. I weuld like to
make some observations -— or to indicate some things
that | was surprised at, I guess I should say. One of
those was that, it seems to me, we have conceived the
notion that mechani+ation technology development trans-
fer can be the same kind of process as the bivlogical
techrology development wansfer. T think that mechani-
¢al trchnology developmient trausfer and it iniplementa-
tion is in some sense much more complicated than the
biologicals are, and to cany the two examples in our
mind sometimes does not serve us well. I think there are
some fundamental differences. One difference in the
developrnent of mechanical technology and transferring
it and implemenzing it in another place is that the pro-
portion of the process that sust be done by highly trained
people — those with a Ph.D. or the equivalent — is less,
it seams to me, than it is with biological tezhnology.

Second. I think that emulion il government policy
tend to he much mere involved with the whele <juestion
of mechanical technology development anrd its imple-
mentation than with bielogy. The systems that are neces-
sary to serve the purpose of support are mare difficult
for the mechanical technology than these for the biologi-
cal technology. And I think another difference that will
increasingly affect whao happens is that private com-
ponies are able somehow to capture the gains of mechan-
ical technology mere easily and they play a bigger role
than we have found in the biological technology de-
velopment.

‘The discussions about whether to mechanize are not
very useful. Farmers are mechanizing, there is no ques-
don about that. Thet is not to equale mechanization
‘with tractorization, but many farmers, if not most, are
- 'mechanizing. We need to know more abcut the eco-
| nemic, sacial, and institutionnl effects involved in dhis
.. process, and spend lews time arpuing with each other
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ahout whether it ought to accur oy net, when it is already
going on in force. I would suggest that another confer-
ence like this ought te consider some specific studies of
mechanization as it has been adopted by farmers, because
I think we argue with one another to a large extent be-
cause we are not talking nbout the same situation. We
find eurseives in a paradox of being correct and yet dis-
agreeing because we de not have the same basis for
diseussion,

I guess | was surprised that we did not cover some of
the more geneeal topics that might have been more
widely discussed because we do not have the great dif-
ferences in specific situations. Some of these would have
been, for example, the effects of price policy for agricul-
wikal commodities en mechanization. What eauses the
disequilibrium in the foreign exchange rate in texms of
investment and in tenms of development of mechanical
technology, import taxation, quotas, and so forth? In
other words, what kinds of policies cause individual
farmers to perceive their costs differently from what so-
ciety perceives as 18 costs of mechanization? Those kinds
of topics, it seems to me, are easier to discuss than
whether mechanization displaces labor, because that is
a very local, specific kind of question,

It was surprising that we did not henr more abiout the
nonngricultursl henefits of mechanization. We heard a
fittle bit about relieviag some of the irksomeness of work,
being able to transport more efficiently, making life »
little nicer on the furm, and having some way of keeping
the farmer’s sons there. These are real benefits that are
difficult to quantify, but that does not make them less
real.

All production, of course, is meart to be consumed,
and that is in & sense a consumption benefit. I liked Dr.
Sen’s answers during the opening session. His basic an-
swer to several broad questions that were addressed to
him was, “Tt depends.” 1 think that, to a large extent,




i what b am teving to say. We have argued i sone
instuenees because it depends on which exarple you want
tor talk about. We cannot aftenrld te fight with one another
as economists atgl engineers, howsver, | think we should
tecrn Lo get off ench others” backs i generad discussions,
and do something together in particaliy, because solving
she problers dine we have in food production and teche

nology developient, be e biodogical or mechanical, s
very dithiculs. as ot nationad and iteenational research
centers are fiading eut, more and wore, The sooner we
begin to sit down and discuss these problems with vach
other, and ty w understand each other beter, the
faster we will ke progress in partivular localides, and
that is where we need the action,

At a briefing session in the conference headquarters are,
from left, John S. Balis, Amir U. Khan, and Yoshisuke
Kishida, with J. Terry Iversen and Polo F. Triondis of the
University of Ilinois, Office of Continuing Education for
International Aflairs. Many of the confereas from abroad
planned *o visit various agricultural equipment manufac-
turers, educalional instilutions, and research stations dur-
ing their stay in the United States.
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AGRICULTURAL TECHNOLOGY FOR DEVELOPING NATIONS
Farm Mechanization Alternatives for 1-1) Heetare Farms

University of fllineis at Urbuna-Champaign

May 23-24, 1978

Tuesday, May 23
5:00-7:00 p.m.  Registration
6:00-7:00 Hospitality Hour
7:00-8:00 Banquet
8:00 Intraduction of Progeam
Roy E. Harvinglon
Iateaduction of Keynote Speaker
Murtha Savia
8:15 Avpress : Agricultural Technology
for Inereased Food Preduction in
Developing Nations: Problems
and Opportunities
Samar R. Sen
G:00-9:43 Audience Discussion
Wednesday, May 24

6:30-10:00 a.at. Faner Discussion: The Socio-

economic Tmpact of Farm Mecha-
nization in Developing Nations
Earl D. Kellogg, Discussion
Leader

Maere-Feonomics of Farm
Mecl.oanization
Folke Dovring

The Socint Consecpuenees of
Mechanization
Wiliiam G. Fhiesenhusen

The Package Approach to
Agricultural Improvement
Douglas Ensminger

10:30-11:45

1206 xoox

{15400 poa.

4:00-4:45
4:45-5:00

5:00

Locally Manufactured Small Farm
Equipment for Asian Farmers
Amir U. Khan

Audience Discussion
Luncheon

Panti hseussion: Developing and
Marketing Equipment for Smiall
Furras in Developing Nations

Merle L. Esmay, Discussion
Leader

Agricultural Technology Transfer
and Value Conflicts in Developing
Nations

Martin M. MeLaughlin

Introdueing Farm Equipment to
Smalf Asian Farms: The Experi-
ence of the Japanese Farm
Equipment Industry

Yoshisuke Kishida

Tireducing Tractors under ‘Fweniy-
five Horsepower to Small Farms
John 8, Balis

Custom Tractor Operations in
the Far East
Willium J. Ghancellor

Munufacturing and Marketing Farm
Equipment fer Africa by a North
Ameriean Firm

E. William Hakes

Audience Discussion

Coniference Summuary
Earl D. Kellogg

Adjournment
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Joun 8, Bacs s an agriculoural englueer serving as chief
of the Rural Development Division, Bureau for Lutin
Ameviea und the Caribbean, U8, Agency for Interna-
tional Develapment, in Washingten, D.CL He joined the
Ageney in 1967 and has served in variow administravive,
achvisory, and techrical positions in [ndin, South Asia.
Pakistan, the Near East, Sri Lanki, Jordan, Yemen, and
Latin: Araerica. '

He received Buchelor's degrees in agriculture and in
mechanical engineering from the University of Wisconsin
and a Master’s degree in agricultue ] engineering from
Purcdhue University, and undestook advanced studies in
agricettural econarics at Cornell University in 1973
174,

After serving as assistant professor of farm power and
machinery in the department of agricultual engineering
at Purdue University, he joined the faculty at Allahabad
Agricultueal Tnstitute, Allababad, India, serving ax pre-
fessar of agricultural engineering during t9R2-1967, Dur-
ing his tenwere in Indio be undertook research in animal-
drawn farm machinety and o study of small tractos.
under a grant feotn the Ford Feundation,

Witttan o Cuancrrtor is a professor of agricubiural
engineer-ng at the University of Califernia in Davis. He
s @ graduate of the University of Wisconsin and helds
Master’s and Ph.D. degrees from Cornell University.

During 19621963 he was a visiting professor of agri-
cultural engineering at the Univerity of Malaya. Kuala
Lumpur.

He s a member of aumerous scientitie, professional,
and honorary societies and has puthered many techuical
papers in hi¢ areas of interst, which include agricul-
tiiral o mechanics, vice diving, forage hiarvesting. farm
machinery systetny monagement, energy use in agricul-
tural production. international agricufrur) developnient,
mechanizition of agrleulture in Adin, and informmtion
handling in agricultaral tasks.

Forke Dovexe joined the University of linois in 1960
as professor of land economics. He holds the Ph.ID. degree
in economic history from Laund University in Sweden.
hit native country, and served on its fuculty in agrarian
history untii 19323,

As & Rockefeller Foundation Fellow he studied in
Rome, Geneva, and England before joining the stafl of
the United Nations Food snd Agriculture Organization
in Rome, as statistician and then economist. At various
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tines be has served as o consubtaint o the United Nations
Economic Cotnnision for Burope, the U8 Ageney for
International Bevelopment, US, Department of Agri-
culture, and the International Bank for Reconstruction
and Developuent.

Fle ts outhor of several books and nuwerous aeticles on
tand reforin, workd food problems. international finance,
and retated topies.

Dovaras Exsanxaer is a professor of rural sociology at
the University of Missouri and president of Mid-Missouri
Associated Colleges and Universities, He has degrees in
agricubture and rurad public welfare from the University
of Missouwrt and the PhaD. degree in vaval sociology from
Cornell University, e las worked in the areas of rurad
sociclogy and agriculiaeal cvonmuies in Missouri and
Fechiana, During 1939-1931 he was with the US, Phepart-
ment of Agriculture, Bureau of Agricultural Feonamics
and the Fedesl Extension Servive, He served s coordi-
nitor of forelgn teaining with land-grant colleges and
universities and wus a member of the United Nations
Foad and Ageiculture Organization Latin Anveriea Bx-
tension Conference.

He wus the Ford Foundation representative for India
and Pakistan, 19311953, and for India and Nepal, 1953
1970, Ih 1972 he was co-chairman of the Banpdadesh
Entergency Relief Fund and later served on the Tun-
zanian Food Sector Team for the UL, Agency for Inter-
national Developinent. He has been o menber of the
Cummittee on Populition and Food of the Food and
Agricultere Organization and wis cliaitman of its 1975
Symposium en World Papulation, Foed, and Agriculture
in Rome,

He hae held many offices and boord and commitiee
wiemberships in professional, educationul, and govern-
mient organizations, national and werldwide, His publi-
cations include several miajor works on world agriculture,
fond problems, and development and he is presently
writing a book on world hunger and poverty, as co-author
with Paul Botani, aimbassador to the Usited States from
Tanzania.

Merte L. Esmay is a professor of agricultural engineer-
ing at Michigin State University in Last Lansing, He
s graduated from South Dakota State University and
earned Master’s and Phd). degrees in agricultursl and
structural engincering from Tows State University. He
has held academic appointments at these institutions and



at the University of Missouri, and hos served in adminis-
trative and advisory capacities with various technical and
prefessional organizations.

In international affairs, he has worked a3 a consultant
in Pakistan, Venesuela, Japan, Kerea, Paland, Italy, and
Taiwan, and has conducted research studies in Argen-
tina and Pakistan, He served as chief of the Michigan
State Universitv=U.S. Agency for International Develop-
ment Contract Team in Taiwan in 1962-1964.

He has worked with agricultural engineering educa-
tional agencies in Brazil, Japan, and Indonesia, and is
the author of two books and many technical papers and
bulletins in the fields of agricultural structures and agri-
cultural mechanizi:tion in developing countries.

BE. Waaiam Hakes is director of product management
in the department of implements and general machines,
Magsey-Ferguson Limited, Toronto, Canada. He was
graduated from the University of Colorads with a degree
in economics and worked with Ferd Motor Company in
Dewroit, Michigan, from 1933-1958.

He has worked with Mussey-Ferguson far tweaty years
in various sales and marketing assignments in the United
States, United Kingdom, southern Africs, and at the
company's woridwide headquarters in Canada. From
19701974 he was director of mavketing with responsibil-
ity for all sales and marketing in nine countries of soutk-
ern Africa. Since 1974 he has visited several countries in
both East and West Africa and many developing coun-
eries in Latin America and the For East.

_ Rov E. Hammuncrox has been a product planner in the
. product planning department of Deere & Company since
- 1971, He is an agricultural engineering graduate of the
University of Missouri and s o registered engineer in
 the states of Tlinois and Miswouri.
He was n development engineer in the produet de-
velopment department of Deere & Company from 1950-
1960, and from 1960-1966 wus punager of the depart-
_ment. While in product development he received more
than twenty patents on farm equipment.
. From 1966 through 1971 he worked as an agricultural
engineering consuliant for the Ford Foundation in New
" "Pethi, India, while on leave of absence from Deere &
“Company. He has visited research institutes, fanners,
“and-dealers in Denmark, England, Germanv, [taly, Spain,
Russia, Japan, Taiwan, Indonesia. Kenya, Mexico, and
“Guatemala. He worked on the World Food and Nutri-
‘tion Study of the National Academy of Sciences in 1976.
He 'currently serves on the board of directors of the
ities ( [llinnis-Towa) World Affairs Council, Inc.
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EanL D. KeLtoue joined the University of lllinois in
1971 as an assistant professor in the departinent of agri-
cultural economics, specializing in hasic ecanomics and
agriculiural development. He was graduated feomn Kan-
sas State University and holds the Ph). degree in agni-
eultural econamics from Michigan State University.

He sorved with the U.S. Department of Agriculture in
19721973 as rural development coordinator, participat-
ing in the development and eoordination of rural devel
opment plans and serving as liai.on between the Depart-
ment of Agriculture and ether federal agencies in the
effort to extend some of their programs to rural aveas in
coopetation with the Department.

In international affairs, he has been 2 consultant to
the Nigerian government in the deveiopment of their
third Five-Year Agricultural Dievelopment Plan. He
served as a preject specialist in multiple-cropping nt
Chieng Mai University, Chieng Mai, Thailand, during
19751977,

Amir U, Kuay is director of the agriculiural machinery
program for the International Rice Research Institute in
Rawalpindi, Pakistan, ilis academic degrees, including
the Ph.D. degree in agricultural engineering, nze from
Michigan State University.

He has engaged in research and design of fuan ma.
chinery at Michigan State Universsity, East Lansing; at
the tractor and implement division of the Ford Motor
Company, Birmingham, Michigan: at Voltas Limited,
Ballard Estate, Bombay, India; and at Agrimae Indus-
tiies, Rampur, Uttar Pradesh, India. He helds fourteen
agricultural machinery patents in the United States, the
Philippines, and India.

He has directed research and development of agricul-
turil machinery programs for the Government of India,
New Deihi, and for the International Rice Research
Institute, Los Bafios, Laguna, Philippines. He has served
on advisory coramissions and boards of varieus erganiza-
tions engaged in agrieultural development in Pakistan,
India, and the United States, and he s the author of
articles and papers on the mechanization of tropical
agriculture and on appropriate technology for the de-
veloping countries.

Yosusuke Ktsuioa is president of Shin-Norinsha Com-
pany, Lid., Tokyo, Japan, which publishes Farm Me-
chinery and Agricultural Mechanization, weekly and
monthly journals, respectively, and various books on
agricultural mechanization. He also is editor of Agricul-
¢ural Mechanization in Asin which iz published for the
improvement of agriculture in the developing nations.
He has a degree in engineering from Waseda Univer-
sity, Tokyo, and worked for Satoh Zoki Farm Machinary




Agricultural engineering is the branch of engineering
that seeves agriculture - the eldest and largest industry
i America and the world, bt is divectly concerned with
the tmeans for providing food and fiber to 6ll the basic
ngeds of all mankind.

The American Society of Agricultural Engineers is
devoted to the promotion of the science and art of engi-
ngering in agriculture, encouraging onginal research.

The Interfaith Center on Corporate Responsibility is a
. rational coulition of religious groups working together to
convey their concern for social issues to the corporations
represented in church investment portfolios. Members
agree that, as investors in businesses, they also are part
owners and therefore have the right and obligation to
" mwnitor the social responsibility of corporations, and to
. act, where necessary, to help prevent or correct corpora-
tion policy that produces social injury.

National Ministries of American Baptist Churches, a
member of the Center, has urged that agribusiness com-
panies develop technologies appropriate to patterns of

The University of Illinois has for mose than 100 years
- been among the nation’s most distinguished state univer-
sities. To bring its threefold functions of teaching, re-
search, and public service to the entire state, the univer-
< sity has expanded to include three campuses with more
. fthar 200 major buildings and nearly 56,000 resident
o students. Its library of more than seven million items
‘makes it the fifth largest among all the nation’s libraries.
.o 'The oldest and largest campus is located at Urbana-
~iChampaign. Chartered in 1867 under the auspices of the
‘Morrill ‘Act of 1862, which established the land-grant
colleges ‘and -universities, the University of Illinois has
~been a leader in many fields, including agriculture. The
‘University’s department of agricultural engineering has
for many years had a cooperative relaiitnship with the
.~ farm equipment industry in the United States.
International activities in agriculture have included
. teaching, research, and continuing education. Since the
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AMERICAN SOCIETY OF AGRICULTURAL ENGINEERS

fostering engineering education, and advancing standards
of agricultural engineeting. The Society develops, col-
lects, publishes, and distributes engineering information
through meetings, conferences, and printed materials.

The Society has helped explore a number of critical
world issues in its recent national meetings and in special
conferences. Its international relations committee helped
in planning this conference.

INTERFAITH CENTER ON CORPORATE RESPONSIBILITY

food-raising in which small farms {under 10 hectares;
may remain productive, They believe that food availabil-
ity will improve if farm equipment is designed to periorm
in confunhction with stall-scale farming methods and the
use of draft animals, This concern was raised with Deere
& Company in 1976, This conference is a follow-up of
that concern and represents an important first ir the
area of corporate responsibility. It is the first time that
a program of this kind, on an issue of importance
throughout the world, has been funded by a corporation
and jointly sponsored by a university, a professional
organization, and the churches.

UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN

early 1950s these have been expanded to provide techni-
cal assistance in world agricultural development. The
University's commitment to international agriculture has
included such projects as the International Soybean
Program, the training of foreign specialists, and the
building of agricultural institutions in developing nations.
It has received a new impetus with the passage of Title
XII of the International Development and Food Assis-
tanice Act of 1975, which provides for the involvement
of U.S. universities in solving the food and nutrition
problems of the developing nations. This legislation
makes it possible for the University of 1llinois and simi-
lar institutions, whose skills helped to make possible the
remarkable advances and growth of U.S. agriculture in
the last century, to apply their considerable research and
teaching expertise in the effort to improve the current
world food situation and to prevent the occurrence of
even more serious shortages in the decades ahead,
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