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INERODUCTION

- On December 5, 1969, the House Foreign Affairs Subcommittes on
National Security Policy and Scientific Develdpments, in"accord with
1ts concern for scientific and technological advances affecting foreign
policy, held a 1-day symposium/hearing devoted to the Green
Revolution.

‘The Green Revolution, of course, refers to the effects which have
resulted from the introduction 6f the recently developed high-yield
cereal varieties into the'less-developed cduntries of Asia, Africa, and
Latin America. * ° - i “

The objectives of the subcommittee in holding the symposium/hear-
ing were several: i}

Hirst, we hoped to acquaint Members of Congress more fylly with
the Green Revolution pbenomenon, from the development of the new
seeds by American-sponsored agri-scientists to their social, political,
cultural, and economie Impact in poor countries.

Second, we wished to Ering together in one place at one time for
discussions and an interchange of ideas a group of outstanding special-
ists in. various aspects of the multifacetedg subject, in order to reach an
Integrated understanding of the Green Revolution.

Third, we wished to help draw some conclusions about the best
methods of maximizing and extending the benefits of the Green Revo-
Tation, while ameliorating possible adverse effects. This would include
providing a forum for recommendations for future U.S. policy on
agricultural development abroad, particularly as embodied in the for-
eign aid program.

%‘inally, we sought to produce a subcommittes publication on the
Green Revolution whigh would be both current and comprehensive.
Therefore, to the papers and comments of the participants have been
added several appendixes which include other relevant documents and
materials.

Although the format under which the day-long program was con-
ducted departed from the usnal pattern of subcommittee proceedings,
the symposium,/hearing moved along smoothly, largely because of fine
cooperation and deep interest on the part of the participants,

All of them men with national reputations and busy schedules, they
devoted themselves to their roles In the program with deep serious-
ness and high intelligence.

The subcommitiee also benefited from the presence of a consider-
able number of invited observers, representing departments and agen-
cies of government, colleges, and universities, business and industry,
11_}'_&311gicaus groups, foreign embassies, and other interested orcaniza-

10115,

Through questions asked from the floor and statements submitted for

the record (see appendix TI), the observers contributed to the value of

(1)
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the symposium and of this subsequent subcommittee document on the
Green Revolution.

The dominant theme which emerged from the symposium was that,
although much has been done through genetic engineering of seeds to
mgrease agricultural production, the task of feeding the world’s hun-
gry millions has only just begun. Ahead are a multitude of other diffi-
cult problems, including-trotiblésome effects arising from fthis tech-
nologieal innovation, e

Although there was no easy optimism about the future, participants
expressed general confidence that difficulties are surmountable if they
are approached with firm purpose and constant will by leaders and
peoples of the world. In otﬁer words, mankind can be fed, if we men
choose to do so. i

"Fo that transeendent effort, therefore, this volume is dedicated.

CugareNy J. ZABLOCKT,
Chairman, Subcommittee on National
Security Polwcy and Scientific Developments.

JANTARY T, 1970.
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‘KSYMPOSIUM ON SCIENCE AND FOREIGN POLICY: THE
GREEN REVOLUTION :

FRIDAY, DECEMBER 5, 1969

House 0r REPRESENTATIVES,
. Codxaorree oN Horkiew AFFAIRS,
SUBCOMMEIITEE 0N NATIONAL SecUrITY Poricy -
AND Sorex1ric DEvELORPMENTS,

Washington, D.C.
The subcommittee met, pursuant to call, at 9:30 a.m. in room 2172,
Rayburn House Office Building, Hon. Clement J. Zablocki (chairman

of the subcommittee) presiding. ..

OPENING REMARES OF CHAIRMAN ZABLOCET

* Mr. Zasrocrr. Mr. Secretary, gentlemen, my colleagues, friends: It
is indeed a pleasure and a privilege for me to chair today’s symposium/
hearing on sclence and foreign policy, spongored by-the House Forelgn,
Affairs Subcommittee on National Security Policy aud Seientific
Developments. . . .

- The subject which has brought us-together-here has'been called, in 3,
shorthand phrase—“The Green Revolution.” - ‘

While the'use of a slogan like “The Gireen Révolution” is perhaps
unscientific in tone, the term expresses graphically the drafmatic
changes which are taking place in:the less developed countries becouse
of the introduction of Ehp high-yield cereal varieties=-the so-called
miracle grains. C '

These changes, I believe, are inadequately understoed by the Ameri-
can public generally and, to some extent, not fully underStood ‘here in
Congress. ) , . : .

Although more than one-gquarter of all dévelopment-loan. funds dur-
ing the past several years have been spent on advanced agricultural
technology, there is little awareness of the full import of what has been
happening as a result. - et

The revolution in food preduction which has heen spurred by the
recent technological advances in agriculture are certain to have rami.
fications for our Nation’s foreign policies. It is not too early to make
an assessment of its effects. .

That 1s perhaps the most important.reason for the convening of this
SyImposIm, .
OBJECIIVES OF SYAMPOSIUM/HEARING

We in Congress are interested in being more fully acquainted with
this phenomenon called the Gireen Revolution. Through our support

(3)
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{or foreign assistance, we have been an integral part of what has been-
called the greatest success story of foreign aid since the Marshall plan.-

If we are to convey an understanding of this achievement to our con-
stituents, we must be sware of the full scope of the Green Revolu-
tion—from the development of the cereal varieties by American agri-
scientists; to the economie, social, political, and cultural effects which
have resulted from introduction o]% these grains in the less developed
countries, .

The subcommittes’s purposes here today, however, go beyond being-
instructed. ;

We also have attempted to bring together in one place for discussions
and an interchange of ideas a group of leading experts from a number:
of disciplines in order to create an integrated appreciation of the
Green Revolution. .

In that effort, the subcommittee has been particularly fortunate. We_
haye been able to gain the cooperation of an outstanding group of
Ammericans to deliver papers and to serve as panelists.

e are honored as well by the presence here this morning of the
Secretary of Apriculture, the Honorable Clifford Hardin, who will
deliver the keynote address.

Moreover, there are here today, sitting in the audience as observers,
many individuals who might well be sitting here on the dias as partici-
pants. We look forward to their making a contribution to the dialog.

We invite your comments and questions.

_ Inaddition, everyone¢ who is in attendance as cbhservers here today is
invited to submit brief written comments on matters covered in the
symposium.

Those statements will be published in the printed record of the pro-
ceedings. They should be in the hands of the subcommittee no later
than 2 wesks fromtoday—December 19—in order that we-can include
your remarks in the record.

By including such statements, together with the record of today’s
proceedings and other relevant materials, the subcommittee hopes to
compile as comprehensive a volume as possible on the Green Revolu-
tion. T .

Moreover, we hope that today’s session will result in some consensus
on means of maximizing the benefits of the Gireen Revolution, while
ameliorating possible adverse effects. This may include recommenda-
tions for new departures in U.S. programs and policies,

FORMAT OF THE SYBIPDS].'UBI/ HEARING

In carrying out its objectives today, the subcommitiee has chosen
a format somewhat different than the usual hearing procedure.

Today there will be three séssions, Bach-will begin with a paper being
presented by one of omr distinguished participsnts. Following the
paper, a panel of three discussants will make statements. .

Following the panel’s commentaries, there will be a question period.
First, T will call upon my congressional colleagnes for questions to be
put either to-the author-of the paper, or to-one of the panelists. Then
questions will be in order from any of the participants.

If time remains when those questions have been exhausted, we will
open the session to questions from the floor.
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INTRODUCTION OF SECRETATY FARDIN

At this-time it is my pleasute to introduce our keynote speaker for
‘the day, the Honorable Clifford M, Hardin.

Born on an Indiana farm, Dr. Hardin received a Ph. D. in agri-
cultural economics from Purdue in 1941 and subsequently taught at the
University of Wisconsin. - ‘

In 1944 he moved to Michigan State University where he ulti-
anately served as director of the MST) experimental station and held
ithe positionr of dean ‘of the school of agriculture.

In 1554 Br. Hardin became chancellor of the University of
Nebraska. While serving in that capacity, he helped establish the
new Attaturk University in Turkey-and program for agriculture in
‘Colombia. : . .

He was president of the Association of State Universities and Land
'Grrant Colleges in 1960 and has served as chairman of the American -
‘Council on FEducation’s Committee on Institutional Grants Abroad.

He was-sworn in as Secretary, of Agriculture on Januvary 21, 1969.

Although his present responsibilities require primary sttention to
-domestic agricaltural problems—of which there ave many—he has had
4, 1ongstan§ing interest In international agricultural development.

May I present the Secretary of Agriculbure,.the Honorable Clifford

-

M. Hardin. Dr. Hardin. k

STATEMENT OF HON. CLIFFORTD M. HARDIN, SECRETARY OF
AGRICULTURE

Secretary Harpry., Mr. Chairman, Congressman Ross Adair, dis-
-tinguished members of the panel, and members of the audience:

I feel almost X should start with an apology this morning.. I am
poing to speak from a manuseript -which is the second time I have
-done this'since I have been in Washington. .

I don’t know whether this proves anything or not. I guess not,
-except that L will get through more quickly, Mr. Chalrman. :

I am sure you will agres, also, that it is difficult to be asked to key-
‘nofeka, sympeosium that has such an impressive roster of panelists and
‘speakers.

pYc.u have assembled here individuals with wide and varied experi-
-ences with the (Green Revolution, the term now generally applied
to the development and use of new grain varieties.and the application
of modern techniques to subsistence agriculture. . .

Your program and the fund of Jmowledge which these men .will
brin%’ to bear on each of the topics assure a stimulating and informa-
‘tive day. . .

With that in mind, it odeurred to ine that my most useful. contri-
bution to a gathering such as this would be to attempt to offer some
perspective from which to view the Green Revolution that will be
discussed in’detail by our panelists and speakers. 2 L

In other words, T am not going to try to cover the swwhole thing in
my presentation, K . - s . . . 1

T

. -
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THREE PRECERTS FOR THE.GREEN REVOLUTION

It seems to me that we should approach the Green Revolution with
three precepts in mind: )

First, we should understand what it is not, as well as understanding
what 1t.1s. ) )

Second, we should understand that there is no magie in technology
unless it is applied.

And third, we must remember that projections of the world food
problem are just that—projections; forecasts of what might happen
‘tomorrow based on our information available today, and that is sub-
ject to change, .
I “MAGNIFICENT ACHIEVEMENT

First, there is no question about what the world agricultural revolu-
- tion is: It is a magnificent achievement and one that offers new hope to

developing nations. ) .

Several factors are involved in this revolution. Among these are
growing awareness in many developing countries of the importance
of agricultural. improvement, a willingness to devote more of the na-
tional resources—material and hwmnan—to it, and to recognize the
importance of increasing the standard of living for producers of food.

n too many countries they are still following a cheap food policy
for the people and preventing the farmers from participating fully
in advaneing standards of living, .

This is not the way to get the job.done. ,

The development of new high-yielding varieties of wheat and rice
%&s had a dramatic impact and has ereated worldwide excitement and

ope. :

s I look over the group in the audience, I know most of them are
well aware of the Rockefeller and Ford support for developing the
dwarf wheats in Mexico that are being planted now in North Africa,
the Middle ast, andracross South Asia.

. Department of Agricultuie economists estimate that these improved
vatieties cover about one-sixth of total wheat acreage in West and
South Asia. They make. an. admittedly difficult estimate that these nesw
varieties might add about 20 percent to the production in this area
this year compared to what it would have been without them,

Two new tropical strains of rice, developed at the International
Rice Research Institute, a combined Ford-Rockefeller Foundations
venture in the Philippines, now cover about 7 percent of the riceland
in South and Southeast Asia. Xt is roughly estimated that they might
add as much as 9 percent to production in this area this year.

I “NO-2LAGIC IN TECHNOLOGY™

Figures like these are exciting, but they may lead to the erronecus
conclusion that the Green Revolution as it exists today is a total and
lasting solution to the hunger problem. It is not,

It is adding, as the figures show, to food supplies there there have
been shortages. It is increasing incomes and enhancing life in some
areas. Bub 1t does not contain within itself the capacty to malke the
large invesbment in such things as irrigation facilities, in internal net-
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works for marketing and distribution, or to mdke the farm dnd con-
sumer policies necessary to realize its potential. ’ i

This is what is implied in my second precept.for viewing the Green.
Revolution : There is no-magic in-technology unless it is applied.

The progress to date indicates to me that we have the technology in
hand or in sight to feed the world’s population of 2000 A.D. better
than they have ever been fed. But only if we put it in the right place,
and use 1t correctly—and that means an effort of unprecedented mag-
nitude by all nations, developed and developing. : ~

Tt means a commitment from the devéloped countries to-male the
technology available. . . )

It means a commijtment—and a heavy one—from the developing
countries to make the adjustments they must make to use it properly.

They must be prepared to invest the men, money, and materials that
are needed to create the internal institutions—the schools, the pro-
grams, the trained personnel—without which the technology cannot
be put to work. . : :

Food that spoils because of lack of storage facilities does not help.
build heaithy bodies; food that can’t be distributed for lack of market.
facilities ills no stomachs beyond the farm; miracle varieties produee
- no miracles without the proper fertilization, water, and tillage.

These are some of the factors that must be faced if the Green Revo-
lution is to fulfill its promise as a rinciplal vehicle: for reaching the
ultimate goal—that of providing all people with a nutritious diet.

How many people and how much food will be available 10 years
from now, or 20, or more, we don’t kmow; we cannot know.

As all of us know, estimates, opinions, and forecasts of the size and
scope of the world food problem have fluctuated—and widely. Con-
cern over food shortages was expressed in the late 1940%s, had dimin-
ished by the eariy 1950’s, and then turned to alarm in 1966 on the
heels of 2 drought years in India and two crop failures in 3 years in the
Soviet Union. )

In the face of this, the Department of Agriculture and other agen:
cies urged expanded production. Ouyr farmers responded, and at the
same time record grain- crops were produced in the Soviet Union,
India, Canada, Australia, Western Burope, and South Africa. .

By 1968, the world supply of food exceeded effective demand and
export markets were drying up. That is a situation that exisis still
today. ) .

S0 we have had world feast and world famine projected alternately
four times over the past 20 years or so—twice in the past 3 years.

-IO. PROJECTIONS SUBJECT TO CHANGE

We must, of course, assume something with respect to the future in
order to male plans for the future. But there is a strong tendency; I
think, to project from present conditions withount accounting enouglh
for variables. Weather, for instance, can cause as much as 25 percent
fluctuation in agricultural production, and obseure other changes.

We must remember that we have had generally good weather world-
wide the past 2 years, and that conditions of market-surplus will not
necessarily extend to the future if we experience average weather in
the years immediately ahead.
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Additionally, the history of new varieties has generally been that
in field use they eventually become-susceptible-to local disease and in-
sects, redueing yields until countermeasures axe faken,

We haven’t had this with the new crop varleties to any degree. T
suppose it is possible that they will escape it, but probably not. They
will be susceptible to attacks-and.niew resistance types will have to.be
developed, which will be, . . . - P

But it does mean-a slowing down temporarily, though not a cessation

of the progress. . : ) -
. Future: consumption is difficult to pin down. Last April, the Palki-
stan people were visiting the Department, working on their Public
Liow 480 contract for this year. They told us:that they would need no
wheat, no Public Law 480 wheat, this year.

They said it with great pride, that they might.even have a bit of
a surplus this year as a result of the new crops, They were back in
September, just-a Iittle over a month ago, pleading for 1 million tons
of wheat, after 4 months. They described @ near famine condition in
RFast Pakistan. They explained that their production forecasts were
generally holding up, but they had underestimated market, supplies, or
the reaction-of people, people in the producing aress, were eatingmore
with their improved income and: so on a.ng feeding more of their .
locally grown feed to their locally grown’livestock, and perhaps.eating
more of it, though-this didn’t:come out.

EFFECTS "ON U.5. FARMER

Anyway, it didn’t come to the market and they couldn’t move it to
East Palastan. So this means, I think, that, 2s we look 2head, thereisa
temptation for many to look at this as competition tothe U.S. farmer,
and to point out that we must vevise our export plans for the future.

T should like to say that I don’t think it means this at all. There is
a p dt‘assibility that it could temporarily reduce demand for US.
proaucts. ) : . o

“On the other hand,. it could work the other way. I think you could
build a logical case that as levels of living rise, and diets improve,
and particularly the animal parts of the diet, it could be that with their
cregsed . affleence 1n some of these developing countries, they will
actually import more rather than less.

This is more apt to be true in the long run, perhaps, than in the
shortrun. . -

Then there is another hazard in making these forecasts, and particu-
larly the rosy ones, because forecasts of surplus food lead the public
and some others to think that the job is all done.

Most of us here know that it is not, and far from it. But if people
generally believe it is done, then it-is hard to get the support,-if is
hardto gét thetask accomplished. )

There i5'an immense task ahead,-one that will require the best efforts
of the affluent as-well.as the poor, becanse there is no question that the
developing countries will need ail the help the developed countries
can provide. : .

‘The important thing about the Green Revolution, despite the “ifg”
and “buts” that I have raised. with you this morning in this pre-
liminary statement, s that agricultural Gevelopment, where it is
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:ge}ided, is off dead center. It is moving, and in this movement there
1s hope.
MI]? Zaeroorr, Thank you, Mr. Secretary. We certainly want to ex-
press our deep appreciation for your coming here and giving this fine
keynots address. We kmow of your tight schedule. You have given us
some of your valuable time this morning. : :

We realize you have other commitments, Mr. Secrstery, and I un-
derstand you would desire to leave now. Whenever yon wish to, feel
freeto doso.

Secretary Harorw. Secretary Freeman will be here and he will be
be glad to take over, I am sure.

Mr. Fremaraw. Thank you for the delegation,

SESSION I: THE GREEN REVOLUTION AS AN HISTORI-
_%%%’HENOMENDN : WEHAT HAS HAPPENED, HOW AND

Mr. Zaprocer. In welcoming both participants and observers here,
T certainly should have pointed out how grateful we are that so many
of you from your busy walks of life have come here today. I know that
this program will be very enlightening and fruitful to all of us.

In my introduction, I said that there would be o priority of questions
in_which the Members of Congress would have the first opportunity.

We operate under the 5-minute ruie; I might say, for Members of
Congress in hearings. :

Then we will entertain guestions from the panelists and then, of
course, questions from the observers. Let me just amend that a “bit.
If there is a pointed question fhat an observer wants to 'develop,
please do not hesitate to atiract the attention of the Chair.

‘We wouldn’t, however, want anyone to take the trend of discussion
off the track. Otherwise, we welcome questions from anybody in the
room at any time. We hope to be able to keep some sense of order,
however.

At this time, T would like to call upon my colleague, Gov. Vernon
Thomson, to introducesthe panel.

INTRODUCTION OF DR. XMYERS

Mr. Tromson, Thank you, Mr. Chairman. .

Ladies and gentlemen, our program this morning indicates that
the next paper will be presented by Dr. George Harrar, president
of the Rockefeller Foundation, a distinguished professor of botany
and plant pathology and noted agricultural specialist and administra-
tor, .

Yesterday, we were notified that Dr. Harrar had come down with
the flu and is feeling miserable. He is ill and consequently will not
be with us. We are, however, very fortunate o have with us Dr. Will
M. Myers, who is vice president of the Rockefeller Foundation.

His official title is vice president in charge of agriculture, medical,
and natural science program for the foundation. Dr. Myers will now
address himself to the subject, “The Green Revolution s an historiea]
Pphenomenon, what has happened; how and why.”

Dr. Myers,
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STATEMENT OF DR. WILL M, MYERS, VICE PRESIDENT IN CHARGE
OF AGRICULTURE, MEDICAL, AND NATURAT, SCIENCE PROGRANS,
THEE ROCKEFELLER FOUNDATION, ON BEHALF OF J. GEORGE
HARRAR, PRESIDENT, THE ROCKEFELLER FOUNDATION, NEW

YORE, N.Y.

_ Mr. Myers. Congressman Thomson, Mr. Chairman, members of
the panel, ladies and gentlemen. Dr. Harrar is, indeed, very sorry that
he was unable to be here today. Fle has been anticipating for some time
the pleasure of participating in this extremely important symposinm.

When he talked with me yesterday morning to advise that he really
would not be able to come, he asked that I express his regrets to you.
He did want to come, but.his doctor was very firm in insisting that he
remain home in bed. .

"He has prepared & paper, which you either have or will have. I
think 3 would be unwise for me to altempt to read Dr. Harrar’s ex-
celent paper. He advised me that he would not himself read it, since
it would already be available for you to read. Instead, he said he
would, and I shall, therefore, in order to emphasize them, speak about
p?rticular points that Dr. Harrar has made, and to elaborate on some
of them. -

1067—68 HISTORIC YEAR IN HUNGER FIGHT

"The year 1867-68 may go down in history as a major turning point
In man’s continuing struggle against hunger. The Green Revolution
which we are discussing today became a recognized phenomenon in

“that year. In that year, the Republic of the Philippines became, for
the first time in recent history, self-sufficient in rice. India’s 196768
food harvest, was 12 to 15 percent. greater than the best previous har-
vest they had ever had. West Pakistan produced enough wheat and
almost enough rice for its own needs during that year. Kenya devel-
oped a surplus of corn,

We have estimates that in South Asia, largely in wheat and rics,
and largely in Pakistan and Indis, approximately 9 million tons of
food crops were produced in addition to what would have been pro-
duced under normal circumstances in that year. The value of this addi-
tional erop was, at world market price, about $1 billion.

This phenomenon—the Green Revolution—has opened a new era.
Mannow can dare to hope for a future without hunger. Nations] lead-
ers in the developing countries can now view their agriculture as -4
Tesource, not as a liability. Rural people can begin to participate in
the market ccopomy. Rural resources can be generated for improving
education, health, transportation, and other services. Markets for
products of industrialized nations can be opened up, And there ars
many other advances made possible as a result of the Green Revolu-
tion. . .

Coming as it did after a period of despair, when many eminent

authotities had -concluded that the collision befween soaring popila-
tion and limitations on food supplies was unavoldable, the Gresn Rev-
olution brought new hopes to the hearts of-man, new courage to strug-

gle harder to win the war on hunger. .
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FORCES IN SHAPING THE GREEN REVOLGTION

As pointed out in Dr. Harrar’s paper, the Green Revolution sprang
from a coalescence of many efforts and many advances. But the thing
that finally made the difference, that triggered the revolution, was
the use by many farmers in the developing countries of vastly superior
technologies of produection in wheat, rice, and maize and, to a lesser
extent, in the sorghums, millets, and potatoes. !

The key factors in thesepackages of superior produetion technolopgies
were the improved varieties of wheat, rieé, and maize and the other
crops that had been deliberately. engineered by the plant breeders to
take maximum advantage of sunlight, water, fertilizer; good manage-
ment, and other practices that were used with them. With this comi-
bination of varieties and superior practices, the farmer now had-the
capability of ‘producing two, three, or even more 1imes per acre the
amount that he could produce with his indigenous varieties und the
traditional practices he had been using.

This is not to suggest that the improved technologies were solely
responsible for the Green Revolution. Dr. Harrar pointed out there
are many other forces that have been developing and gathering mo-
mentum during the quarter of a century of efforts to stimulate agri-
cultural improvement in the developing countries. L

These include, among many other things, the following:

() The fraining of large numbers’of scientists, educabors, exten-
sion specialists, and~other agricnltnral specialists, through training
programs both In the developed countriesand in the developing coun-
tries themselves. . ) o

(2) The development of agricultural institutions—colleges and: uni-
versities, experiment stations, exténsion services, ¢o-ops, and so forth—
that were required for the national and local agrienltural programs.
These institutions had been built or strengthened in many of the de-
veloping countzies through efforts by a large number of bilateral and
multinational agencies. - '

(8) The emergence of an enlightened political leadership that rec-
oghized the dontributions and potentialities of agriculture and that
waswilling to ztdb]%t policiesand to.allocite resources for the develop-
ment of thatagriculbure.’ ~ ’

(4) The existence of economic incentives for the farmers to produce
more; prices that were higher, generated either by scarcity of food or
by government guarantees of minimum prices, and input subsidies,

(5} The development of an agriculiural industry to supply Improved
seed, fertilizer; and other agricultural chemieals, machinery, and other
requirements to the farmers so they could put into practice on their
farms the improved production tec{mologies now available,

And there were many others, But the thing that made the difference,
I repeat, was the availability of a vastly superior technology, espe:
cially the improved varieties that could respond with greatly increased
yields to the other components of the technological package. :

ORIGINS OF THE IMPROVED CERBAL VARIETIES
R p . .

- CAs is the case with all great events, the Green Revolution did not
just happen. Xach of the components or forces that came together
so dramatically in 196768 had been developing for many years. In
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hig paper, Dr. Harrar has traced the origin of the improved varieties
which, as he has pointed out, were the key to the paclage of produe-
tion practices which, in'turn, was the key ‘to the generation of the
revolution that became-so, visible in that year. ,

One might, with. wheat, in referepce to the development of these:
varjeties, 7o back to Gregor Mendel in the middle of the last century
ot to the wheat breeders. of the late-19th dnd. early 20th. century,
Willism Farrar of Australia, Engledom of England, the Howards.of’
Trdia, the Saunders of Canada, and many other ploneers, including-
a Japanese scientist whose nime is unknown to me today. In rice there:
were 2lso many pioneering plant breeders, Japanese, Chinese, Indian,
and, other nations and a few Americans. In maize one might start
with- G. H. Shull, E. M. East, D. F. Jones, F. D. Richey, H. K.
Hayes, and others. | L . .

. But, quite appropriately, Dr. Harrar beging his wheat story with
Mexico, whers he, in 1943, hegan the cooperative program.between
the Rockefeller Foundation and the Goveriment -of Mexico: which
was to: do. so much $o generate the Green Revolution. Joining him
almost at the deginning was Norman Borlaug: whose: lifetime devo-
tion to-better wheat has-culminated inithe development of theiso-called
Mexican svheat varieties, T

These varieties have short, stiff stiaw, which was.derived gerietically
from varieties developed: by-the Japanese plant breeder,-whom I men--
tioned previously. It is inferesting to recall that these varieties were
seen an. production and experimental plots in Japan by Dr..S. C. Sal-
mon, then wheat specialist in the USDA., who went to Japan in the
early days of SCAP to be head of the Agricultural Research- Branch,
of the Agricultural Division. | - S

He sent seed of these varieties back to the United States-wherethey
were.used in wheat breeding programs at Washington State University
and the T.S. Department of Agriculture, At-an early-dafe,the varieties
were sent to Mexico, where Dr. Borlaug began to use them as parents
in the development of the dramatically superior new dwarf wheat
varieties which have come tobe known as the Mexican wheats,

These varieties are now-revolutionizing wheat production in Mexico,,
the Middle East and North Africa, and South-and Kast Asia, and are
having an importent impact almost everywhere in the woild where
wheat Is grown as-an important crop. |

NATORE OF IMPROVED RICE VARIETIES

The fizst of the improved rice varieties for the great rice howl of
South-and Southeast Asia came from Taiwan and, especially, from the
International Rice Research Institute at Los Banos in the-Philippines.

These varieties, too, have.short, stiff sttaw so that they cam produce
- much higher yields without Jodging. They have stiff, erect leaves that
maintain a maximum exposure to the sunlight in these areas of the
tropics where -often the intensity of light is a Jimiting factor in total
crop yields. They are insensitive to the length of day; that is, their
flowering and maturity is not controlled by changes 1n length of day

versus night. Therefore, they can be planted at any time during ithe'"

year and produce 4 crop in approximately ‘the same numbér of days.

<
i
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They mature in about two-thirds of the time of the tall, late, indigenous
varieties of the tropics. As a result, three crops can be produced in a
single year if water and other facilities are available. Therefore, the:
total productive potentialities per acre of land through the rice-grow-
ing tropics has been magnified dramaticaily.

EASTEST PART ACCOMPLISHED 'S0 TFAR

Dr. Harrar emphasizes, correctly, that swhat we have accomplished so
far is miniscule compared with the total needs. Secretary Hardin made
this point to us in his opening remarks. We must continue to recognize-
this very important point. I we relax our efforts now, man’s dream
of freedom from hunger will never be realized. What we have accom-
plished so far in the Green Revolution is the easiest part. Vastly-
greater efforts will be required to sustain it in the areas where if 1s
now occurring, and to extend it to the vaster areas of the developing-
world where it has not yet become a reality.

What the Green Revolution has done that is so important is to
change attitudes, to provide hope, to point the way for even more-
rewarding advances in the future. We now are convinced we can win
the struggle against hunger, at least through the next few decades,.
hopefully Ullti% we have been successful in coping with the problem-
of ,%rowing opulation. .

he developing world is nearing the takeoff stage, so far as its-
sgriculture is concerned. What is needed now are relatively massive
efforts to push it forward. These will include assistance from the-
richer nations through such agencies as our U.S. Agency for Inter-
national Development; assistance from the international agencies—
FAO and the UNDP, and the international banks; from the private:
agencies, ineluding the philanthropic foundations; from business in-
terests in the developing world, and, most critical of all, massive
efforts on the part of the people and the governments of the develop-
ing countries themselves. If they do not exert such efforts, none off
the efforts from the outside will ha;ve much success.

With sufficient and collaborative efforts among all of these, man
can, T repeat, hope to attain his dream of {reedom from hunger. But
the task is so big that it cannot be done by a few. It requires all of’
us working together. The time is now, and the time is short. If we
fail, if, for example, the richer nations should abandon or lessen
their efforts now because of other pressing problems, the opportunity-
may be lost, never to be regained.

We will sink orice more into a sea of despair to wait for famine
and chaos to overwhelm us.

THREE REQUIREMENTS FOR ¥FUTURE PROGREESS

To sustain and extend the Green Revolution, we need, as Dr, Harrar
has pointed out, at Jeast three things.
st, there must be effective programs to cope with what has been
called the later generation problems. After increases in production
are attained and production exceeds the needs in local areas, there are-
needs for facilities, institutions, and mechanisms for colleeting, stor~

38-612—N0——2
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ing, processing, transporting, and marketing the excess production
from areas in which it oceurs to other areas of great need. Secretary
Hardin pointed out, for example, the need for the West Pakistanis
to move their surplus grains to East Palkistan where there still is a
defieit. ’

There are additional second or later generation problems, which,
I am sure, members of the pansl will refer to, I shall not attempt,
therefore, to discuss them now.

Second, we need massive research and traning programs to develop
new and even better technologies for the areas in which the present
ones are superior and, in addition, for the much larger areas of the
developing world where those which we now have are not especially
adapted, A

Third, further development and strengthening of national and
local institutions in the developing countries are required to provide
them with capabilities for their own sustained future development.

MAGNITUDE OF RESEARCH NEEDS

X wish to refer particularly to the magnitude of the research needs.
T believe there is no greater danger to the possibility of continuing
with the advances in agricultural development which have begun than
complacency which comes from the false agsumption that we already
have all of the technological developments required; that now-all'we
have to do is to apply them. You may recall that Secretary Hardin said
v~ have the technologies available or in sight. I would stress, and I
am. sure he would, the “in sight” part of his statement. We know that
the necessary technologies can be developed ; we do not yet have them.

I shall not take time to document in detail the magnitude of the re-

search needs. I shall only summarize by saying that those of us who
have been studying the needs believe there will be required, in the
developing nations of the world, research éfforts ecomparable in mag-
nitude to those which provided the technologies that have undergirded
agricultural abundance in the United States and the other developed
countries. Furthermore these research efforts must be carried out in a
much shortened time frame. We do not have-a century, as we did in the
United States, to develop the improved teclmologies required in ‘the
developing countries. Increases in agricultural production are needed
now.
" We have had substanfial experience with intensive country pro-
grams, such as described by Dr. Harrar in his paper—the Mexiean
agricultural program, the Colombian agrieultural program, and the
Indian agricultural program of the Rockefeller Foundation, for
example.

This experience tells us that, if there were sufficient time, we could
through such country programs do the research to develop the tech-
nologies for increasing agricultural production, and conduct relevant
training programs to produce the necessary numbers of agricultural
specialists to staff the institutions of the developing countries. But
there are not enough resources to develop simultaneously in all of the
developing countries the required national institutions and programs
for research and the training of people that will be necessary tosustain
and extend the green revolution.
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SILORTAGE OF AGRI-SCIENTISTS AND SPECIALISTS

The luman resource is most limiting. There are simply not enough
scientists and other agricultural specialists to staff all of the institu-
tions and programs needed in -the developing countries on a country-
by-country basis, even if the developed countries were prepared to-
provids all of their agricultural scientists and specialists to carry out
the task and there is not enough time, I repeat, to continue to do the
job of developing institutions, programs and people, country by coun-
try, seriatim.

What iz needed, we believe, is a shorteut, 2 method which makes
meximum use of the limited available supply of superior trained
persons for the combined and closely relate£ tasks of research, rele-
want’ training, and expediting the developinent of national and lpeal
institutions and capabilities in the developing world.

INTERNATIONAL AGRICULTURAL RESEARCI INSTITUTES

Dr. Harrar refers to. the international agricultural research insti~
tutes. These do, we believe, provide this kind of a short cut.

At each of bixe;m, a,smangroup of highly competent scientists have
been assembled to carry out intensive, multidisciplinary research on
some of the major bottlenecks to increases in agricultural production,
In specific-crops, as is.the.case with rice, wheat, and maize,-or in agri-
cultural systers, as is the case, for example, with the agriculture of
the humid tropics.

This same group of highly competent scientists provides relevant
traiming to large numbers of people from the developing countries
with which they are cooperating. They serve ag a hub and a catalytic
foree for the development of a network of cooperative research and
program activities involving increasing numbers of national institu-
tions and national scientists in agrieultural development programs
related to the mission of the respective institutes.

There are now four such institutes. The first to be established was the
International Rice Research Institute at Lios Banes in the Philippines.
The second was the International Center for Maize and Wheat Ym-

rovement in Mexico. These are both now fully developed and operat-
g institutes. The other two are newer. Their programs and their
staff are still being developed. One is the International Institute of
Tropical Agriculture at Ibadan, Nigeria; the other is the International
-Center for Tropical Agriculture at Palmira, Colombia.

These institutes are antonomous international institules. Each has
its own international board of trustees to which the director and staff
of the institute have full responsibility. They are not, as they are so
often thought to be, simply dependencies of the Ford and Rockefeller
Foundations. The two foundations took the lead in establishing the in-
stitutes, The two foundations continue to provide funds, at the request
of the institutes, for part of their core operating expenses. The two
foundations, again at the request of the institutes, also assist in pro-
fessional and administrative matters. We are extremely proud of
these institutes. But they are not our institutes. The institutes manage
their own affairs and direct their own programs. They seek and ob-
tain support from-other sources. '
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That these institutes have provided an effective mechanism for help-
ing generate, sustain, and extend the Green Revolution is evident, I
believe, from the record.

I hardly need, even if time were available, to repeat the record, I
shall cite just one figure. In the appendix of his paper, Dr. Harrar
reports estimates that the imcrease 1n rice crop generated to date in
South and Southeast Asia as a result of the varileties and improved
technologies developed at the Infernational Rice Research Institute
had value of approximately $114 billion,

GREEN REYVOLUTION: “NEW HOPE TO MAN

In conclusion, I repeat first that the Green Revolution has brought
new hope to man, a faith that we can, some day, be free from hunger
in. this world.

Second, the accomplishments to dete are very modest compared
with the task that remains. We .are at a major turning point in agri-
cultural development in the developing countries.

With the kind of massive efforts of which we are capable:and which
I hope we can bring to bear on this problem, we can push agricultural
development in the developing countries to the pomt where it will
have o self-sustaining momentum. :

T end, then,.by emphasizing, as Dr. Harrar did, that we can sneceed.
The question is whether we wilk. The more important question is, T
think, Can we aiford to fail? '

Thank you.

(Dr. Harrar’s paper follows:)

‘TER (GREEN REVOLUTION A8 AN HISTORIOAL PEENCMENON

(Paper prepared by J. George Harrar for Symposium on Science and Poreign
Affairs, Subcommittee on National Security Policy and Scientific Develop-
ments, House Cumm‘ittee'on Foreign Affairs—December 5, 1963)

The “Green Revolution” is the phrase now widely used to describe the dra-
matie changes that have been taking place in levels of food grain production
in many of the developing nations. These changes have indeed been revolutionary
in their effect on traditional agricultural patierns and production figures. The
mogt important aspect of this phenommenon is the hepe it offars of the possibility
of grodually elimipating .chronic hunger, malnutrition and the all-too-frequent
famines from regions where they have long been ever-present fthreats to ‘the
society.

In general terms, the “Green Revolution” came about as the result of a
growing understanding of the food needs of many of the disadvaniaged nations
and the defermination to undertake positive action toward the congquest of
bunger. For well-documented reasons, the economic development of many of
the less advantaged countrics has not Kept up with that of some Western
nations whose economies have forged ahend tremendously since the early 194(’s.
Bound by tradifien and lacking the specirum of rescurces and manpower neces-
sary 'to maximize natural resources, these primarily agrarian countries rernain
largely in a state of chronie agriculiural underpoducticn. Before the develop-
ment of systems of rapid communication and transportation, the plight of the
less-developed areas was only vaguely understood and efforis to be helpful were
small, scattered, and often not directed to the most critical concerns,

AMEETING WORLD FOOD NEEDS

During the past fweniy-five years, varlous cooperative pregrams ‘to increase
food production have been initiated by Uniied Wations agencies, nationsl gov-
ermments, and private organizations. These efforts were in mo small degree o
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response to. 4 growing awareness of the need o help fhe less-developed nations
to help themselves attain a more sccelerated economic growth. They fook many
forms, some of them proving hizhly effective and others much less s0. In view
of the threats.of hunger, malmirition and starvabion which perenmially con-
front substantial parts of the world, agriculture, especially food produciion,
wag a natural and obvicusly focal point for many assistance prognams. Numer-
ous theories were advanced which were unfertunately not practical under the
-diverse conditions prevailing 7in fhese countries, and efforts to effeat sudden
breakthroughs in increasing world food supplies were equally disappointing.
Titimately, it was recognized by some that the problems of agricultural develop-
ament in the less-advanced nations could not and would never be solved from
the outside. Rather, they would have to be tackled in place, and many small
battles would have to be won before there could be any expectation that the
war on hunger could be satisfactorily concluded.

Barly esperience tavght that 1o single technologieal application could con-
tribute very much to the advance of agriculture. Rather, proper soil and water
management, the use of agrieultural chemieals including fertilizers, the control
-of pests and pathopens, and other technological inputs are jnsufficient unless
-economic necelerators such as credit, vrice support, adequate fransportation
-and marketing systems, and the continuing improvement of agrieultural edu-
-cation are all available and applied in coordinated fashion.

“THE *‘BIOLOQICAY. PROBLEM™

Most important of all, however, is-the fact that all of the technologies and eco-
.Domic¢ inputs that can be brought to bear on the solution of food production
problems will be unsueccessful unless the biological problem is selved. It has
not always been clearly understood that in most of the less developed world, the
varieties of food erops traditionally grown are of low maximum genekic potential.
“Throuch a long process of field selection, many have become adapted to unfavor-
able conditions and to that extent are “rustic” in their habits, ‘Therefore, when
they are subjected £0 the benefits of modern technology, materials and manape-
‘ment techniques including the application of fertilizers, improvements in yield
are limited by genetic factors and on occasions such increases are uneconomic
dn terms of the added costs. It is now clear that at the heart of the “Green Revolu-
tion” are these varieties of food plants that have beer deliberately engineered
to take maximum sdvantage of sunlight, water, fertilizers, and other inputs
with the result that with pdequate management they can be expected to produce
gsaveral times the yields of the traditional uninmiproved wvaristies. These varieties
‘have given the “Green Revolution” a sound economic base.

The recent dramatie progress in inereasing the production of food grains on.an
international basis represents the progressive coalescence of many different ef-
forts—large and small, individual and collective. It is fully recognized that en-
lightened political leadership, the investment of largzer capital resources in the
agrieultural industry, growing numbers of trained scientists, technologists and
teachers, the entry-of business and.industry into the agriculiural seetor, and many
:other factors have contributed to the suceesses thug far obtained. Nevertheless,
it hns been the eonfidence, based on visible evidence that the impreved varieties
can and will, -under appropriate management, double, treble, and sometimes
multiply six or seven fimes the customary yields, that has made the difference.
Without this knowledge and assurance, based on experience, the “Green Revolu-
Hon would not have come into being.

Today, we recognize that what hos been secomplished is minuscale in terms of
the total need. It is massive, however, when we consgider the extent to which it
‘has changed attitudes and- convinced stefesmen, scientists, farmers, 4nd business
“leaders that the status quo need not maintain, They have new accepted the -fact
that it is nossibie greatly to increase yields on the same lands which for centuries
lhiave been-grossly underproductive. .

Over the last quarter of a century, we have seen & variety of mmultilateral,
bilateral and private eiforts to improve food.production in the developing nations.
International ‘agencies such- as the Food and Agricultural Organization and the
Tnited Nations Development Program have conducted' agricultural programs in
many countries. United" States foreign assistance programs, vnder the Agency for
International” Development and 'its predecessors, have rendered invaliable as-

- gistance and encouragement to the agricultural industries of the Jless-developed
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Dations, The United Statesland-grant colleges,.under eontract or other arrange-
Inents, thave dore much to raise the.level of agricultural education:and research
‘netivities overseas. United States business and-indusiry have alsoubrought their
experience and resources to.bear on theiproblems-of strengthening. agricultural
economies. And, there are numerous other governmentsl.and private programs
<which have made valuable contributions toward increasing world.food supplies.

- ROCKBFELLER FOUNDATION WORK' IN MEXICO

..Given the-cbvious and continuing importance of all;of the above-efforts, indi-
vidually-and in concert, it might be.appropriate to point out-here that one of the
very earliest steps—clearly germinal—toward reversing a national food-deficit
position was the crop improvement program initiated in 1843 under a cooperative
arrangement between the Government of Mexico and The Rockefeller Founda-
tion. At-that time, Mexico, in the face of 4 rapidly growing population, was obliged
0 purchase-abroad substantial tonnages.of bread grains. Working together, the
Mexiean Government and the Foundation identified the problems which hgmfed
production, established priorities, and jointly went to work to close the existing
food gap. X .

The first.and most obvious.fact was.that Mexico was deficient in the prqauc-
tion of supplies of eorn and wheat required as basie foods for the national
population. Next it was essential to learn why these deficits existed and whether
and how it'might be expected that the gap between supply and demand could be
clesed. It was quickly determined that the -varieties of wheat commonlr_,r used
in Mexico were low in qualify, poor wielders, and -were highly susceptible to
pests and pathogens, which regularly resulted in limited production, or om
oceasions brought about heavy crop losses. It was also determined that soil
and water maonagement as practiced was not conducive to maximum produc-
tion, and that the use of fertilizers, pesticides and herbicides svas minimal.

The first.step, after arringing for appropricte land and equipment fo-be-pro-
‘vided by the Mexiean Government, was to bring together world collections of
wheat and-corn and put them into comparative yield lests in the various ecological
areas in Mexico swhere these crops were widely cultivated. The superior sirains
were Identified, selected, -and muliiplie@ and tested for productivity, adapta-

-bility and pest and disease resistance. As rapidly as information was obtained,

breeding programs were begun in order to.combine desired gusalifies from two
of more varieties into a single hybrid. Ultimately, it wasg possible to produce
mnew varieties which were obviously superior to those whieh they replaced.
"These provided visible evidence of the possibility for improvement and at the
same time created a foundation of genetic materials on which- to build for
‘the future.

Genetic research and iis adaptation was carried out 'in conjunection with
Tesearch in plant pathology and entomology, weed control, seed bed prepara-
‘tion, cultivation praetices, water utilization and storage problems. It was
Tecognized that unless the approach {o problems was through a systematic
effort refecting 2all recoghized production problems, the desired goals could
‘not be achieved,

TWEIL¥E YEARS TO DEVELOP NEW HIGH-YIFLD VARIETIES

It required approximately twelve years to develop new varieties, fo demon~
gtrate their potentials for increased yields, to multiply and distribute =eeds
of tbe mew varieties, and by demonstration bring about increased utilization of

fertilizers. and other agriecultural chemicals within a management systeme

designed for maximum yields. The food 'grain gap'in Mexico-was closed’ in
the mid-1950’s. Today, Mexico, with -a--population that has doubled since 1943,
can. and-does-satisf¥ its annual requirements for the production of wheat and
torn. This was nol the result of extending the areas planted to <hese crops,
out rather the product of improved mahagement, technology, the nse of agri-
«ultural <chemieals and feriilizers, the essential economic acceleratorg, and,.
anost cerdrally, theo development -of high-yielding, well-ndapted. disense- and
pest-resistant varieties which enabled iexico to treble annual yield figures.
The new wheat and corn varieties, during -their several: stages of develop-
ment were ifested widely, not only in Mexico but in many other eountries where
it was fheught that they might be: useful. In this way, an early multiplier
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effect -of i the; Mexican program rwas: produced Today, as a result of further. -
experience: and broad-scale, mternatlonal testmg and reﬁnmg, these now well- ~
known:‘Mexican wheats hive aproven their! enormous’ value in’ couutnes thousands
of. mlles distant 1nclud1ng Indla Paklstan,iTurkey,lAfghamstan T11q1s1a Keny
and. ‘even  the United :States Wh1ch now ,grow- substant1a1 acreages of “heats
whose genetlc composition was de51gned in Menco I -
. Stimulated; by the success in Mexico, somewhat sumlar ventures. were. under-,
taken in .Cglombia, Ecuador, Chile, and 1ater in’ Tndia, “with outredch into
many other countries. Each of these COODEI“ltlve efforts, gave added confirma-
tion- to the.philosophy that well-reasoned carefully . planned and sc1ent1ﬁcally
based production projects could "add sxgmﬁcantly to food production levels
and at the same time provide.foundations for natiohal agncultural develop-
ment programs. which were economlcallv sound:. In” each country, maJOl empha-
sis - was .placed upon the hramlng of’ young scientists and othels who would
ultimately,accept resp0ns1b111t1es for, future leadershlp and actwn —

AS efforts -to improve wheat and ¢ofn on an mternatloml ba s'»; progressed,
it became clearly-evident that there was ‘at least equal need for concentrated
effort toward the improvement of -rice.production in.the rice bowl of Asia and
other rice-producing countries. In 1959, the Ford Foundation and The Rocke-
feiler - Foundation jointly embarked upon, a project -to:establish the Inter-
national Rice Research. Institute.in. the Philippines. Today, this Institute is
known world-wide, and its success in developmg hlgh-yleldmg, well-adapted
rice, varlenes for many regions parallels the experlence with the “miracle wheats”
.of MeXxido!' The- Philippines: now 'produce all the rice required.for its national
consumption 'and “has a_small export surplus. India, Pakistan, Indonesia and
other Asian countries are taking increasing advantage of the.-‘“‘miracle rice”
varieties, and they are now rapidly being introduced-into rice-producing coun-
tries in Africa and the Western Hemisphere. As continuing research-provides’
new methods, materials and further improved. varieties; it can be expected

_that’ through well-conceived production programs, the world demand for rice
can be satisfied within the foreseeable future.

Currently, other projects are under way dealing with sorghums, mvllets
potatoes, and grain legumeés, and there.is- evidence that, based on exper ience
it should be possible to make rapid strides toward improvements in-these and
other ‘crops adding significantly to the world food budget. Coincidentally, work
is being intensified on forage and pasture crops and the nnprovement of animal
protein- sources as an added dlmensmn to the eﬁort to increase world food
production; -

In all of these undertakmgs, efforts to add substanmal.tonnages to the world
food grain budget have included: comparable efforts to improve their nutri-
tional quality. Progress in this direction illustrates that double benefits can
accrues from the production and wide utilization of highly efficient crop va-
rieties that -aré also rlcher in the compounds essential for human growth and
energy.

The international 1nst1tute concept is now w1de1y accepted, and there are
four such institutes now established or being established: the rice research
-institute in the Philippines, -an international corn and wheat center in Mexico,
and two tropical agriculture research institutes located in Nigeria and Colum-
bia. As the programs of the last two develop and expand, it can be hoped and
expected that the still underused tropics can_ begin rapidly to increase their
contributions to world food supplies. It is mterestmg to note that the four
~institutes are now receiving support from national, bx-natlonal multi-national,
and- pr1vate Sources

PROBLE‘\IS OF THE GREEN REVOLUTIO""T

It is fully recogmzed that all revolutlonS, even ‘“‘green” ones, produce prob- . .
. lems as well as benefits. And those who have had some responsibility for gen- = -

-erating the “Green Revolution” are fully aware of the problems, both fore- .
seen and unforeseen, that wil arise: But these problems have their- principal
origin not in any technological deficiencies in the programs, but rather in the
fact that the radical and positive changes in yields place in imbalance other
factors such as storage facilities, transportation and marketing systems, and
the- back-up economic machinery required to absorb satisfactorily in a short

period of time the very large increases in tonnage of food grains. Neverthe- °
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Jess, problems created by abundence are preferable to those that arise from
chronic underproduction. For the first time, there is now hope that world
food supplies can be increased at rates which will ultimately lead to the eon-
«quest of hunger. With inteHigent and vigorous leadership, a growing supply
of manpower for scientifie and technological respm;smlhtles, in conjunection
with increased understanding and suppert by the public sector and the farmers,
the *Green Revolution” can grow into a major instrumentality fer providing
food and energy to millions now undernourished and maQequately fed.

The “Green Revolution” is a bold venture, fraught with risk. It has, however,
already made major contributions to the well-being of millions of people in
many countries and thus bears witness to the faef that eareful evaluation, sound
scientific and economic planning, and sustained-effort can overcome the pa_thology
of ehronie under-production and gradually bring about rapidly increasing eco-
nomic advanee. A formula for success can be designed for any area that has
-avallable the new adapted plant varieties and the other inputs and accelerators
‘that must be applied in logieal fashion.

BENEFITS OF THE GREEN REVOLUTION

At the same time that it has accelerated and intensified conventional agrieul-
ture, the “Green Revolution® has brought in its wake certain beneﬁts»tha_t-go far
‘beyond simply increasing supplies of food, important as this may be.The income
-of many populations is' moving up substantially, enabling them to purchase a
-greater variety of foods and zlso to buy the products of urban-based industry.
They are now beginning to participate in nn expanding market economy, thus
contributing to the demand for the products and services fromn the urban
sector. There is increasing evidence that the new weslth that is being generated
in rural communities iz eontributing to local self-help efferts to improve ednea-
‘tion, health, transportation, and communieation, Perhaps the most hnportant
-change, however, is in the attitudes of rural -people—the remlization on their
part thai improvement of their condition really is possible and thai they can
Pprovide a better life for their children.

The expansion of world economies through intensification of agrieulture may
also provide major and direct benefity to the developed mations, parficularly
in %he expansion of cash markets for an ever broader range of -industrial
products,

The real challenges lie in the future. It is imperative that momentum not
be lost and that the program be permitted to extend and expand as rapidly as
possible, building on sound foundations Farmers almost everywhere have shown
that they are ready and eager to do their part. They must, however, have the
gupporting services and materials essential to their task. Once they understand
that improvements are possible and thatf these will bring concrete benefits to
themselves and their families, they will accept change with-enthusiasm. Neverthe-
Jess. agriculture is a fragile industry, always subjeet to the threat of losses-from
natural causes. Moreover, because it must seek continually to inerease produc-
tivity on limited areas of arable land, agriculture must necessarily be a dvnamic
-and ever-changing industry. The success of the “Green Revolution” will @Wtimately
-depend upon politieal leadership, financial support, ¢comemic planning, con-
‘tinning support to agriculiural research and education, the applicetion of new
technologies to increasing production, and the cooperation of the private sector.

CONTRIBGTIONS ‘OF TFOREIGN ASSISTANOE FROGRAMS.

I would like to coneclude with a general remark or two concerning our foreign
-assistance programs. Many eritics of foreign aid claim that little or nothing has
‘been accomplished. o spite of the expenditure of vast amounts of money. they
say, there has been much waste and little accomplishment either in material
progress or in international understanding, There is no doubt that many of these
large and far-flung programs have had a relatively low level of efficiency, espe-
cially during their early stages However, asiexperience s gairied, priorities
clearly defined and refinements made, visible progress begius to emerge. Today,
there has been sufficient time and enough experiénce to demonstrate that manvy
of the foreipn-aid efforts have been exceptionally effective, and-in their formal
and informal interaction, these efforts can become synergistic. If the “Green
Revolution” is to continne to advance the well-being: of people in many lands,
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" .
this cooperative aid must be mainiained and improved. From rather modest
beginnings, the potentinls of these programs haove now been demonstraied. But
future success depends on the degree to which there can be coordination of
effortamong all the agencies and organizations involved.

To lustrate some of the accomplishments of the “Green Revolution” there
are. appended. some of the production figures which have now become available,

APPENDIT
MEXICO

In 1843, Mexico averaged wheat yields of 11:5 bushels per acre; half .the
wheat needed was imported. By 1964, 37 bushels per acre were the average and
the country had wheat available for export 25

In 1944, Afexico imporied 431,000 tons of Wheat: today (1968) it -exports
€84.500 tons. In 1940, agricultural products were 19. 7 «percent of fotel imporis,
By 1967, the percentage ‘had dropped {o 11.4 percent. In 1940, agricultural ex-
perts were 18 percent of total exports. In 1967, they were 65.4-percent. All of thig
was done in a twenty-vear period in which Mexico’s population grew from 21
million to 37 million. (2)

In the early 1940's Mexico's average yields of wheat and corn were so lIow that
any improvement, however slight, would automatically benefit the entire economy.
The national average wheat yield was only 11.5 bushels per acre. Maize pro-
duction averaged a pitifully low 8 bushels per acre (about one-fifth of the TS5,
average in the Corn Belt), (3)

But by 1953, Mexico had closed ifs food gap in the production of both.corn and
wheat and had addiiiongl quaniities of other food and related basic crops to
meet national needs. By 1968, national average wheat yzelds exceeded 40 bushels
an acre, or almost four tlmes the 11.5 bushel average in 1948. Corn yields were
double those of 25 years earlier. (The corn yield had been 8 bushels per acre; in
1968, it was - about 16 bushels an acre.) Poiato production was more than tnple
that of 1830. {3)

Dr. Theodore W. Schultz, economist at the Umvers:ty of Chicago, has esti-
mafed thaf, on the basis of a survey, Mexico is today drawing interest at the-
rate of 600 percent per year on all of the investment made jointly by the Gov-
ernment of Mexico and The Rockefeller Foundation in its corn and wheat
improvement program, .
INDIA

In India, 18,000 fons of the-Mexican-wheats weredmported in 1866. In the 1967-
1968 seasom, ‘6 million fcres were sown to «dwarf wheats, 18 percent of the-
country’s wheat acreages. This 18 percent produced much more than its pro-
portionate share of the total crop for that season—an estimated 40 percent. (1)

In 1965, India began a program of Iugh-yleld varieties which set a goal of
32.5 million acres ‘by 1970 to 1971; last year’s crop -season saw 18 million acres
already planted, which centributed 'to the most successful year in recent Indian
agricultural history (some 100 million tons of food grains, 11 million tons over
the previous record year of 1964—1965.) (4)

Ejghty-eight million acres of India are devoted to growing rice. (In 1%68)
6 miliion acres have been planted to the new dwarf varieties. (5),

The new agricultural technology creates skyrocketing demands for agricultural
supplies and,eqmpment. For example, it is expecied that farmers’ use of fertilizer
in India will rise more.than six-fold in seven years—from 600,000 tons in 1863
1964 to 4 million tons in 1970-1971. (6)

The National average yield (wvheat) in India in 1968 was about 1300 kilo-
grams per hectare, or about 50[} kllograms above the 800 kilogram average for the-
period 1962-1965. (3)°

Within two years of its importation of the new dwarf varieties of wheat from
Mexico, India had planted them on nearly 7 million acres, or 20 percent of the
country’s total ' wheat acreage. (3) .

.. - © PAKISTAN™ ) .

Pakistan hasg pltmted approximately 2 million acreas’ of Memcan wheat for
harvest this spring (1963} and hopes to-plant up-to 1 million acreas./of Inter-
national Rice Research Institute rich this year. (T)

In 1965, Pakistan bought 350 tens of the imported Mexicar dwarf wheat for
seed. These 350 tons were planted on 12,000 acres where they vielded a 50-fold
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incresase, four times the normal Pakistani yield. From the increase, 300,000 ncres
erg planted, ineluding 35,000 one-acre demonstration plets in 18,000 villages. In
1967, Pakistan imported 42,000 additional tons of Mexican dwarf wheats, These
new varieties have helped end 2 20-year food grain deficit. (1)

Pakistan hasg planted about 3 miltion acres, or about 30 percent of its total
wheat acreage. (3) .

Traditional food-importing nations like . . . Pakistan are becoéming self-suffi-
clent and have the prospect of becoming net food exporters. (4}

TUGRKEY

1967-1968-crop season in ‘Furkey : 60,000 farmers participated, representing 19
of Turkey’s 67 provinces. These farmers planted about 17,000 tons of Mexican-
origin seed on 425,000 dcres, throughout the coastal areas. An average vield in
excess of . ., H2.1 bushels per acre was obtained, which contrasts to an average
¢f not more than . . . 22.8 bushels per acre for native wheats in the same ares.

The value of the increased production has been estiinated at $28.6 million.

In January, 1967, AYD helped the Turkish government purchase 50,000 tons
of dMexican wheat seed for 1967 fall planting n the coastal areas, AID also pro-
vided the services of 12 United States county agents-farmers through a contract
with Oregon State University.

The value of Turkey's increased production has been estimated at $23.6 million.
The total costs to the Government and t¢ the farmer for seed, fertilizer and
ather inpufs were estimated at ‘$18 million, giving & net profit of more than $3
million on the I967-1968 program, -~

BAO and RF.and the Mevxican Government gave Turkish scientists training
in Mexico on the nesw wheats.

In the 1965-1908 season, a farmer planted 4 few kilogramsg of two wheat varie-
ties sent fo him by AID technicians. Mhis attracted the attention of neighboring
farmers, and about 100 joined together to import 60 metric tons of one variety
for {he 19861967 crop. .So, over a three-year period, the number of participating
farmers in the constal areas jumped #rom 1 to 102, and then to 50,000,

¥aght hundred Turkish agricultural technicians were mobilized and trained
to man the iremendons extension effort.

PHILTPPINES AND SOUTHEAST ASIA

In Southeast Asia, the Philippines already ¢laims to heve become self-sufficient :
Malaysia predicts that she will be self-suilicient by 197L; Indonesia by 1973.{4)

Traditional food-importing nations like the Philippines . . . are becoming self-
sufficient and have the prospect of hecoming neifood exporters.(4)

In the Philippines, the area planted to the “miracle rice” inerefsed to around
400,000 acres by the end of last year, not inelnding about 190,008 acres of two
other improved varieties released at the same time. ('7)

In the Philippines, for the 1968-1969 crop year, 12,3 percent of the total rice
acrenge was planted to IR-8, the most popular of the new rice varieties. (9)

ABIA IN GENERAL

It was recently estimated that the new rice varieties have now added approxi-
mately 315 billion to ‘the Gross National Products of the “rice bow?!” countries.

The total area planted to the nmew improved varieties has expanded at great
speed in the last two years and is estimated to exceed 15 million acres this year
over E:he wheole region. It could expand further 30 million acres or more next
year.(T)

The International Rice Research Institute developed new vapieties of rice
which reach yields of § to 7 tons-per-2-47-peres instead of the 2 tons thatf had been
the-norm in Asia. (2}

The U8, Department of Agrieulture hag revealed that in Asia alone the outi-
mated acreage planfed with the new high-yield varieties rose from 200 aeres in
19541965 to 20 million in 1967-1968.(4)

The dwarf wheats have given & fertilizer response in . . . India and Pakistan
of the order of 1T to 30 ipounds of grain for each pound of nutrient furnished,
as compared to 11 fo 16 per pound of nufrient for the local unimproved kind. (1)
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The farm sector now constitutes from one-third to one-half of most Asian econ-
—<omies. Yt'is conceivable that the'2 percent rate of increase in food production pre-
-vailing during the early and mid-1960s could accelerate to 4-5 percent yearly
-over the nexk few years, provided marKets can absorb the additional outpuf. The
.additional purchasing power thus generated for both production and consumer
. foods will stimulate n more rapid rate of growth in the non-farin sector, The net
« efféet-shonld e '@ much more rapid rate of overall econdmic growth than would
-otherwise have prevailed, If ‘the Asian agrienltural revolution continues, it could
- well become the most significant world economic development sinee.the economie
. rebirth of Buropefollowing World War I1.(10)
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Mr., Troason. The panel members that we will be privileged.to hear
-are Mr, Orville L. Freeman, former (Governor of the State of Minmne-
-sota and the former Secretary of Agriculture, and presently president
of BDP International; Washington, D.C.; Mr. Willlam S. Gaud,
Executive Vice President, International Finance Corporation, Wash-
ington, P.C., and former Administrator of the Agency for Interns:
tional Development.

Mr. Fraser.

INTRODUGCTION OF FORMER SECRETARY OF AGRICULTURE IFREEMAN

Mr. Frasgr. Thank you, Vernon.
T had sought to have the opportunity to say a word or two.about
these panel members. It sort of illustrates that all good things come in
airs. Just to the left of former Gov. Vernon Thomson is-the former
overnor of Mimnesota, &:man who I remember most fondly ashaving
given me my first job when I got out of Taw school some 20 years ago.
It illustrates, I think, that lawyers, in his.case, can.amonnt to some-
thing. i
Se%retary Freeman was a graduate of the same law school, the Uni-
versity of Minnesota; a Purple Heart veteran of World War IX; a
three-term Governor of -our State, and appointed Secretaiy of Agri-
culture by President Kenmedy at age 42, -tﬁe youngest man ever named:
40 that post.
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' He served during the period in which the U.S. inv‘olven;ent in the
development, of agriculture overseas reached new and impressive
heights. ’

After retiring from the Department of Agriculture, he became pres-
ident of EDP Technology International, a firm which is organized to
bring about. better management through the use of computer and
systems fechnology. '

Might I say a word or two about the other panel members? Then
they can all proceed.

INTRODUCTION OF MR. GAUD

The next panel member also shows that lawyers can amount to some-
thing. The former Director of ATD began his career as a frial lawyer
in New York City. Among his many distinguished achievements
should be recorded that he was the first person to use the term “Gureen
Revolution,” a term which he employed in a speech to the Society of
International Development in March 1968.

He was Assistant Administrator of ATD for the Near East and
Southeast Asia, beginning in 1961, Deputy Administratior of ATD
in 1964, and then, of course, Administrator in 1966.

Again, it was fiuring his tenure in the ATD Administration that
ALD came to place new emphasis, to put new resources, behind the
development of agriculture in the developing world.

He resigned his post with ATD in 1969 and is presently Executive
Vice President of the International Finance Corporation.

INTRODUCTION OF DE. HARDIN

Finally, we have another pairing. One might say that when you have
seen one Xlardin you haven’t seen them all. We have another Hardin
with us. Lowell Hardin, who, in a sense, will represent the Ford
Foundation.

_ L might express the persona]l thought that I wish some of our other
colleagues would have been here tmigay to learn more of the role that
the foundations have played in making it possible for billions of peo-
ple on this planet to look forward to survival rather than starvation.

Hopefully, it might influence their attitudes with respect to the role
that foundations ought to be permitted to continue to play.

Lowell Hardin is an agricultural program officer for Latin America.
and the Caribbean for the Ford Foundation. He holds a doctorate in:
agricultural economics from Cornell University and: taught at both
Cornell and Purdue Universities,

For 12 years he was head of the Department of Agricultural Eca-
nomies at Purdue, and he has been associated with the Ford Founda~
tion’s Latin America program since 1965.

He has coanthored the book “Farm Work Simplification,” and is a.
Director of the Agricultural Development Couneil ; a member of the
panel on world food supply; on the President’s Science Advisory
Committes; and a member of the National Academy of Sciences Agri-
cultural Board, and a cousin to Secretary Hardin.

Thank you, Governor Thomson.
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STATEMENT OF HON. ORVILLE L. FREEMAN, PRESIDENT, EDP
INTERNATIONAL, WASHINGTON, D.C. (FORMER SECRETARY OF
AGRICULTURE) )

Mr. Fregaan. Thank you very much, Governor Thomson.

_ Congressman Fraser, Chairman Zablecki, distinguished members of
this committee, and ladies and gentlemen:

T think the scope, magnitude, and dimension, of the Green Revolu-
tion and its import has heen sketched very skillfully and effectively
by Secretary Hardin, by Dr. Harrar, and by Dr. Myers. By and large,
the greatest benefit will come from the questions that all of you here
will have from here on, o

I will make two points quickly that might add a little dimension to
‘what has already been presented.

BREARTHROUGHS IN PROTEIN FOTENTIAL

First of all, no mention has been made so far of the whole area of
‘nutrition, and the fact that great segments of the world exist under
-serious jprotein deficits; while at the same time, just as the Green
Revolution makes possible enormously increased volumes of produe-
tion, we also have had some significant technological breakthroughs In
“protein potential.

One breakthrough is, genetie, that is, breeding various strains of
grain with significantly greater protein content. Strong beginnings
Fave been made here,

The University of Purdue has come out with 2 new corn which is
-significantly higher in protein. It is being tested and applied in =
number of places. There are still problems. Yields are Jower than with
-other kinds of corn.

There ars certain taste disadvantages as it currently stands. But the
"potential is enormous.

Humans in much of the less developed world eat corn directly.
"What a godsend it would be to have a higher protein content corn.

There are great genetic nutrition potentials that ought to be pushed
hard. And, that is true not only of corn but also rice.and other grains.
"This is now being researched at L.os Banos and other places.

In addition, the amino acids that make up the elements of protein,
:and necessary trace elements in food o make it nutritious have been
-gynthesized artificially and can now be manufactured, at relatively
low cost.

Liysine is the example we hear about most often. Currently and in-
-creasingly, wheat, for example, is being supplemented with lysine, by
-a relatively simple process,

Four pounds of lysine at a cost of $1 a pound. increase the protein
-content of a ton of wheat by one-third. That is a very, very significant
increase. A. lot of experimentation is going on trying to get lysine and
nutrition. trace-elements in warious carriers such as sals, tea, trying to
:add them to the-kind of things that people doingast.

+S0me .particularly striking work has been -done on nutrition in
Jndia by Allen: Berg, who worked for Bill Gaud ih the ATDprograms.
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" " DEVELDPING HICH NuTmITION Foobs | .
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Another program that some of us collzborated on fhat T think is
exciting is to try to develop new kinds of food or beverages, tailored
to the eating habits-of the people in need. -

There is an old saying that you can take a horse to water but yow
can’t make him drink. ‘ ’

By the same token, you can develop all kinds of nutritional foods:
but how do you get people to eat them ¢ -

Tt is said that peeplé in Indis, daring the great Bengal famine of:
1942, .starved to death because they were umviﬁing to eat wheat. They-
were 1ice eaters. To the extent we can tailor high protein foods to
traditional eating habits, a great deal will be accomplished: '

There is currently, and Bijglr Gaud can corréct me-on this AID spon-
sorship of a dozen or so American food development programs, pri-
marily in Latin America, seeking fo tailor enriched foods in traditional
forms in both beverages and solid foods. Private American food cor--
porations are working hard in this field. L

This area of food technology, concentrating on nutrition and prétein:
needs is » very, very important one. I testified before the Joint Fco-
nomie Committes earlier this week and suggested we ought to have a
food and nutrition policy in the United Sgtates wliere less developed.
countries are concerned.

COUNTERPRODGCTIVE EFFECTS OF PUBLIC LAW 480

" In the mid-1960’s we realized that a substential part of Public Law
480—Food for Peace—may have been counterproductive because it
resulted in recelving countries neglecting their down agriculture, To-
paraphrase some conversations that I have had with ministers of agri-
culture in less developed countries, they would tell me, “T go to the
finance minister and say, “We have to have food.-We are facing serious:
problems.’ He would respond, ‘T have a lot of problems butnot enough,
ISnogej., ;I;f we have a problem, we can always get food from the United

tates.

Such conversations actually took place, So we developed what came-
to be Jmown as the short tether policy. We said to LDC seeking Public
Lasv 480 help, “We want to help you, we don’t want anybody to go-
hungry. But if you are going to receive food from -us under Pubhc-
Lanw 480, we expect you to begin to make a major input into your own
agriculture, and if you don’t do that, we won’ be very cooperative.”

We developed a program between AID and Agriculture to-corry-
out the short tether policy. And it worked. The.budget for agricultire.
and the use of foreign exchangein the LDC movedup sharply.

FOSTERING NUTRITION EOLICIES IN THE LDC'S

I wonld like to see us extend the short tether policy to food and
nutrition. X don’t know a LDC in the world, that has a national nutri-
tion. policy. I don’t know a less developed country that has sat down.
and tried .to gather all the data as to their putrition problem, what.
resources they have to attack malnutrition, and how should they go-
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about developlng a na,tlonal nutrltlon pohcy 7 ‘Every LDC needs a
policy on’ food and nutritiol to supplement the'’ progrflnl for agrlcul-
ture that, over the years mbst'of them' have develo et < T

"It is shaiheful and’ shockmg ‘that ‘there is‘an" ‘estimated 20 million
tons of protem going to waste 111 léss developed count¥ies, THe residiie
when you héve taken the oil crops,' soybeans, cottonseeds; codonut and
peanuts, and squeezed out the vegetable oil, has a high protein content,
yet little' of 1t reaches humans. It is fed to ammals and in “iany plaoes
it is used for fertilizer, What a wretched. ‘wasté thatig!? < ¢
. The first step then should be to usé what is. at hiand and to begm to
apply some of the new nutrition: technology in the less developed
world: So far I-have not observed in‘any less’ developed countries, in
»then‘ political leadershlp, 2 sense of concern aboiit nutrition. If the
current administration is followmg the short tethér policy- and requir®: -
ing’ agrlcultural progress is the less-déveloped countries as a condition
to helping them, and I hope théy are, T would urge ‘rhqt that pol1cy
be extended to requlre a food a,nd nutrltlon pol1cy as Well ) ‘

*.’ THE GREEN REVOLUTION CAND’ EMPLOYMENT _ ‘

~ The second point I would like to make, and T am sure th‘tt Dr Lester

~Brown will bring this into sharp focus this afternoon——it is emphasized

‘very well in his exciting new book, “Seeds of Change,” to be published
»'eerly next year—is the question of employment and riechanization.

1 thlnk we have made somé serious mistakes in'the United States in
cur own ‘agricultural revolution. We mechanized pellmell with the
objective of seeing how much we could produce with as little labor as
possible. Maybe-in the long run it will prove to hayebéén a good- thing, ..
But in the process we dlsplaced millions of people and dumped them
in the big cities. We are paying the price for this in many ways now.

I think we could have made it possible for some of these displaced
people to Stay 1n the’ areas n Whlch they st‘u‘ted but we! 1crnored th‘tt
possibility.. - H
~ One‘of the elements in‘the’ Green Revolutlon that so'far is lmrgely
overlooked is the potentidl for mddltlonal eriiployment. - :

We all know the populations'are increasing at a fearful rate in these
countries. Actuallv population increases are exeeedmg migration to the
cities. And that is producing severe consequences. The slums of Bom-
b‘ty and Calcutta, for example, make those of the Umted States- look

tame, hard as that is to believe. :

In Calcutta there are 100,000 people who ]ust roam and sleep in
the streets; they have no home of anykind. . ..

What can be done with these people? How can they get 3obs2 If
somehow they ¢ould have an income they-would becomé'a real factor in
the economy. What a tremendous thrust and: stimulus  that would be
to progress:-The buying power of the-masses is-what is missing. It
could tr1gger the entire econiomy. e

INCREASED USE OF LABOR

The new. cultural practlces requlred by the Green Revolutmn Te-
qu1re 4 lot, of ‘additional labor. They: call for careful seedbed prepara-
tion; They requiire the application of fertilizer selectively and well.
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They take exhaustive weeding or the weeds will soak uf) the ferti-
lizer. They require the careful application of pesticides. In some in-
stances, double, triple, and even quadruple eropping will take place.

Al of this demands increased use of labor. As the Green Revolution
goes forward, we ought to follow policies of selective mechanization.
Machinery should be used where it will increase both produetion and
labor.

Trrigation is'a good example, ealling for the use of pumps to lift the
water. If you can get the water, you can produce two, three, and four
crops a yeor. That means a sharp increase in the demand for labor.
We ought to mechanize irrigation aggressively. In many Jess developed
countries there is a shortage of labor in peak periods, during planting
and harvesting. That is when machinery should be used to meet heavy
seasonal Jabor needs. But otherwise, the poliey should beto maximize
the use of people, In the process, you can maximize the preduction
from the land, for intensively working the land with people will out
produce mechanization.

The objective ought to be not the greatest per man-hour output, but
rather maximum production using the greatest labor consistent with
total output goals.

POLICY OF SELECTIVE MECHANIZATION

A policy of selective mechanization oug t to be designed in each
country and region and carefully followed. If that is done, jobs for
people, the key to development and progress, can be significantly
expanded.

In the long run, if we could get employment at a level where people
have money to spend for food, the problem of food, hunger, and nutri-
tiog will take care of itself, for people will eat if they have the money
to buy.

Hach country, I would urge, should carefully review and examine the
% tential of the Green Revolution to provide jobs. I would like to-see

.S. policy directed to maximize that use of labor in the agriculture
of the less developed countries. In that way, we could make o very,
very important contribution to the less developed countries and spark
the so-called takeoff point economically by creating purchasing power
in the rural areas of the less developed-world.

T hope those two comments, nutrition and maximum iabor utiliza-
tion, contribute to the discussion. Thank you, Mr. Chairman, for the
privilege of parti];:}pating.

Mr. Tromson. Mr, Gaud.

STATEMENT OF WILLIAM S. GAUD, EXECUTIVE VICE PRESIDENT,
INTERNATTIONAL FINANCE CORPORATION, WASHINGTON, D.C.
(FORMER ADMINISTRATOR, AGENCY TFOR INTERNATIONAL
DEVELOPMENT) "

Mr. Gaop. Thank you, Governor Thomson.

Mr. Choirman, members of the comnittee, and ladies and gentlemen,
I would like to say a few words, and they won’t be too many, about
the effect; the Green Revolution has had on the U.S. aid program. And
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it ‘has had an effect, not only on our own aid program but also on the
aid programs of the World Bank and other aid givers.

Indeed, it has had a very profound effect. For many years, most of
us in the development business have felt that too little progress was
being made in agriculture in the developing countries—completely
inadequate progress.

We felt this primarily for two reasons: First, the individual devel-
oping countries are mainly rural. Their population is rural. They are
agricnltural in nature and in character.

PROBLEM OF LAGGING FOOD PRODUCTION

You can't get overall development in a country most of whose popu-

lation is rural and agricultural unless you ean move the agricultural |

sector and the agricultural sector wasn’t moving, which was holding
back progress. The efforts of a lot of people to concentrate on the more
dramatic business of industrialization just wasn’t getting the country
anywhere.

But the lack of progress on the agricultural front was important in
terms of another overriding world problem and that was the fact that
for a good many years the demand for food has been rising faster than
the production of food. This was due to two things: the population
explosion, and rising incomes in the developing countries which en-
abled the people in those countries both to eat more food themselves
. and to feed more grain to cattle in order to get meat.

The result was that, worldwide, the demand for food was outracing
the supply. .

There svas an easy answer to that—the one Orville Freeman just
referred to. Let the United States and the other surplus food producing
countries provide food to the poor countries who weren’t growing
enough themselves.

This may look like an attractive answer in the short run. But it is a
very poor answer in the long run. It doesn’t gef; anybody anywhere in
the long run. As the Secretary said, we, in the last few years, have
;ecognjzed this and have been following a short tether policy with our

ood aid.

The only sensible answer to this problem is to increase food produc-
tion in the countries that aren’t growing enough food, and that can
grow more food. There are quite a Jot of countries with both these
characteristics. .

As I say, and as Dr. Myers pointed out, people have been working on
the question of how to increase food production for & good many years.
‘This is not an example of instant development.

ELEMENT OF DRAMA IN NEW SEEDS

A great many thl.iﬁs have been going on which have had s cumu-
lative effect. But, by the grace of God and a stroke of tremendous good
fortune, only a few years ago the research activities of the Rocke:tgeller
Foundation, the Ford Feundation, and others culminated in the pro-
duction of the new varieties which produce so much more food than
the old.

38-612—7)—3
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Intrinsically, this was a tremendous development. But from the
standpoint of someone in the aid business, as I was, it was also 1mpor-
tant because it added an element of drama, an element of excitement—
some sex appeal, if you will—to agricultural production.

Any man who saw his neighbor using the new seeds could see for
himself what they could do. Their use spread rapidly in countries like
Turkey, India, Pakistan, end the Philippines because individual farm-
ers could see for themselves what a difference they made.

The normally complicated business of the development process—
how to get o country to develop, how to get people to change them
attitudes—suddenly came down to o very simple proposltion.: one man
seeing his neighbor doing better than he was doing. So these seeds
had & tremendous effect, and they made the job of increasing food
production much easier than it had ever been-before.

HOW AID RESPONDED TO OFPPORTUNITY

They made possible a huge quantum jump in agricultural produc-
tion. "

We in AID tried, as did others in the aid business, to make the
most of this opportunity. We impressed on all our personnel both
at home and abroad, and on all our customers, that increasing food
production was our first concern-—our first priority: :

We reoriented our programs in this direction. We changed: our
organizational structure here in Washington. We sent more people .
out into the field to work toward this objective. We emphasized it in the
areas of training, of technical assistance and of capital assistance—
where, for example, we concentrated more than before on financing fer-
tilizer factories. And today people are more ready to build fertilizer
factories in the developing countries than theu used to he, though still
not ready enough. Similarly, with respect to program loans, we con-
centrated on finanecing fertilizers, pesticides, and other necessary agri-
cultural inputs.

In terms of policy guidance, we tried to persuade the developing
countries to adopt and follow policies which would furnish incenfives
to, farmers to grow more food.

ATl along the line we tried to push this matter of more food pro-
duction above everything else. We talked about it to all who would
listen.

The results, 2s you have heard from a ~ouple of the speakers this
* morning—and as most of you already know-—have been significant.
Not particularly because of ATD’s efforts, but because everybody has
caught this bug and has been working on this problem over the last
few years. . ’

The results are real. They are substantial. They are continuing. But
the most important result, it seems to me—and I amlooking st this
again from the standpoint of one in the development business—is
that the benefits of the new agriculture have been so evident and so
demonstrable that the initiative in demanding increased food pro-
duction has shifted from the aid-givers in the developed counfries
to the governments and citizens of the developing countries.
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LDG’'S TIAVE CATUGHT IDEA

It is the South Asian peasant, the agricultural ministers of de-
veloping countries, who are demanding more fertilizer, seeliing more
training, asking for research institutes, better seeds, and the other
elements of the new agriculture. .

We are not pushing them anymore. They are pushing us. And
that is real progress when you are talking about development,

Before I close, let me be sure I am not misunderstood. I want
to underline very heavily what has been said by Secretary Hardin
and Dr. Myers. [t is not all sweetness and light. Everytlhing is not
coming up roses—or even wheat and rice.

We are at a very early stage of what can be—and I emphasize
can be—a real breakthrough in agricultural development.

But the outcome is far from certain. For example, most of the
progress to date has been made In a very few countries. They are
important, countries, but they are few in number and nearly all of
them are in Asis.

There has been very little progress in Latin America or in Africa.
1 have the same confidence that I believe Dr. Myers and others have
that these new research institutes in Nigeria and Colombia will con-
tribute to progress in those areas.

REQUIREMENTS FOR THE FUTURE

But it is going to tale continued hard work on our part and on the
part of the.developing countries to capitalize on the progress that
has been made to date. There must be continued attention to research.
Also, the LDC’s must continue to follow sensible agrieultural and
pricing policies; they must continue to devote large parts of their
scarce forelgn exchange resources to fertilizer and other necessary
inputs; and there must be continued emphasis on technical assistance
and training. As has already been said, they can’t do this by them-
selves. .

Orville Freeman has a most important point in this business of
employment. Agriculture is and should remain labor intensive in
many of these countries.

Don’t let us be misled by our own past and our own experience.
Here, again, one has to remember, as one does all through the devel-
opment process, that it s not a matter of just taking over to those
countries what we have been doing here.

We have to adapt to their conditions, their requirements, and their
needs. In agriculture, mechanization has worked for us. Buf it will
not necessarily work for all of themm—particularly at first. Remember-
ing that fact is one of the keys to future progress.

1 would sum up this way the situation that exists today: Thanks
to the new variefies and the other elements of the new agriculture,
some of the developing countries have turned an important corner
much sooner than any one of us would have thought possible as littie
as § or 6 years ago. But they are still a long way from home, and most
of them haven’t even started yet. Seo there is still plenty to be done.
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Thank you, Mr. Chairman,
Mr. Troarsoxn. Thank you, Mr. Gaud.
Now we will hear from Dr, Hardin.

STATEMENT OF LOWELL S, HARDIN, OFFICER FOR AGRICULTURE,
LATIN AMERICA AND THE CARIBBEAN, THE FORD FOUNDATION,
NEW YORE, N.Y. .

Mr. Harbin. Thank you, Governor Thomson, Mr. Chairman, fellow
panelists: The analyses that have been made thus far, it seems o me,
show how the Green Revolution is contributing to enlarged food
supplies for the hungry, better nutrition for the malnourished, and
improved quality of Iife for.the less advantaged. .

What my brief discussion will attempt to do will be to supplement
the foregolng comments with some generalizations on what is taking
place, why, and suggestsome possible implications.

As has'been pointed out,.international research teams have demon-
strated that man can develop higher-yielding, more efficient plants.
Suceess with new production packages for wheat and rice have helped
{o create an“environment conducive t6-an-escalation of biological
ddvdnces, - ) , .

FOUR CONDITIONS OF FOOD TECHNOLOGY SPREAD

The production package idea has gained widespread acceptance as
2 Tesearch, and testing concept and as a _veliicle for demonstration,
education;and the spread of new techmology. ’

Let me try to point out four of the characteristics of the situations
in which new rice and wheat production technologies. have spread
most rapidly. . . .

. I. SUBERIOR “PRODUCTION TACKAGE"

First, a superior production package was tested and at least almost
ready for use. Opportunities to raise output per acre not by 5 pereent,
7ot by 10 percent, but by 100 percent or more, and to increase profits
«did in-fact exist. - . - ) .

In other words, the technological guns were loaded: Farmers and
education were not shooting hlanks. .

I COBCMITAENT BY JGOVERNAMENT

. "Second, commitment and leadership were provided by governments.

Education, training, and applied research were supported. This-wwas

not o promoticn by outsiders. Most
by the nationals in the countries: .
. ---Adctions were talken to reduce the price and.intome uncertainty that
farmers ‘faced. That fact has to be underlined. The absolute level of
prices is often less important than the degree of price and income
uncertainty which a farmer faces as he considers adopfing and apply-

ing new production technologies.

of the work-that wis done was done
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III. DOMESTIC FOOD DEFICIT

Third, & domestic food deficit situation existed.

The comment has been heen made that we have seen relatively little
of the Green Revolution in Latin America, Most of the countries
in Latin America did not have the pressure on fcad prices that existed
in India or in Pakistan. Malnutrition is a problem, yes, But domestic
deficit of calories was not such that food prices came under sharp pres-
Silfrq in the Latin American countries, or in most of the nations iu
Adfrica.

With deficit-induced high food prices, highly favorable factor-prod-
uct price relationships were maintained—at least up to that point the’
domestic requirements were met. Rice and wheat in West Palistan
are cases in point. Tmports, in a deficit situation, were ent back as.do-
mestic production rose.

This 18 a fairly easy kind of an operation to inanage up fo the point
that import substitution needs are met—if one has the technology.
Internal product prices were set at high levels which bore very little
relationship, at least at the onset, to world Prices..

The foregoing eonditions do not necessarily prevail in many other
developing nations about which we are now asking: Why has not the
Green Revolwtion moved more rapidly ?

IV. COORDINATED PRODUCTION EFFORT

Fourth, the production acceleration effort was programed so that
more of the required purchased inputs were made available and made
available on schedule. .

Unecertainties were reduced. National organizetions and external as-
sistance agencies got together. These were not programs that ran as
parallel efforts. They were one program. Jointly, the national organi-
zations and external assistance agencies manned, planned, and hglped
execute the effort. .

Perhaps the unsung hero of the Green Revolution is the farmer.
The lengthy arguments that farmers are irrational, that they do not re-
spond to opportunities for enhanced earnings, have, in my opinion,
been largely laid to rest. .

Tarmers have rather consistently responded when it was clearly in
their Inberest to do so.

- Governments are, in. my opinion, today, more than formerly, aware
of and interested in agriculture as a contributor to development.
Planners are coming to understand that farming is a techinology-based
rather than primariTy a resource-based industry.

For example, In Argenting, they are now beginning to realize that
the Pampas are not an inexhaustible resource; that technology has a
place in changing agrieulture and perhaps in changing the rate of
overall development. Argentina is a nation where at least the agricul-
tural sector until recently was characterized by stagnation.

Thus, it has been clearly demonstrated that commodity-centered
and research-based prodnetion thrusts ean, at least under these four
conditions outlined, inerease production. Nevertheless, rising output,
be it industrial or agricultural, is but one of the changes essential
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to an enlargement of human choice. The leap between a successful
crop production program and total development is indeed a great
one. Rice Is a case in point. Over an extraordinarily short period,
scientists at the International Rice Research Institute have essentially
redesigned the tropical rice plant.

AREA AFFECTED ! POSTAGE STAMPE ON GLOBE

They have evolved, tested, and helped to place in use a new set of
vield-inereasing practices. As a result, a technical foundation now
exists for new, high levels of tropical rice production. The advanced
technology, however, fts ideally that relatively small portion of mon-
soon Asiawhere the paddy is most produetive. ] p

At a recent conference at TREI, the scientists estimated that m
South and Southeast Asia only 20 percent of the riceland is under
controlled irrigation.

This 20 percent, of the land probably accounts for about 40 percent
of the production. But the other 80 percent of the acreage is dependent
upon natural rainfall. )

Rice production on rain-fed fields and especially on upland soils has
thus far been little influenced by the recent technical advances—ex-
cept that those who raise rice under the less advantageous conditions
now face lower prices for their product. The same is true for wheat.

To date, most of the nonirrigated rice- and wheat-producing areas
of Asia have been little helped. The first need was for more food.
Thig need is now being met by yield increases on land where rice and
wheat grow best.

If you take a small-scale map and look at it, sometimes T think that
the geographic area where this new technology, the Green Revolu-
tion, applies best appears as a postage stamp on the face of the
earth,

The Gieen Revolution is not, therefore, a package that is ready to
go, here, there and everywhere.

One of the dangers is that we think that the world has all of the
needed technical and economic answers. We push programs but nothing
hap;)el]ls—clineca.use the adapted technology that is required is really not
vet 1 hand. )

Because of the work that has been done, supplies of rice and wheat
are now available—and available at lower prices. From the consumer’s
viewpolnt this is great. Translation of this gain, the more sure supplics
of foods at lower prices, to the improved welfare of all requires 1m-
provements 1n distribution and employment opportunities, to wwhich .
Secretary Freeman just referred, as well as in production. More is now
known about the requirements for production than isunderstood about
the social consequences oftechnological change.

Shifting to the Americas, let us look at the Green Revolution from
the viewpoint of the South American farmer. This farmer sees his
problem less as one of increasing his output than of expanding the
domestic and foreign market for his products.

Access to more steady jobs, the ability of conswmers to buy, the
worsening plight of the many marginal farm families-—these are the
pressing concerns of most developing nations today.

Moves of other countries towards narrow national self-sufficiency
bother the Latin American farmer, too.
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The South American nations, generally speaking, are net exporters
of agrieultural products. The new technologies associated with the
Green Revolution tend to be unit cost reducing. Becanse of this fact,
if Latin American nations are to compete in world markets, they, too,
must keep up with the cost-reducing advantages of improved agricul-
tural technology. Generally, these are output Increasing, unit cost re-
. ducing and they require a substantial investment in research, testing,
adapting, and fitting it to local conditions.

ABUNDANOE: “A PROMISE, NOT A REALITY”

In conclusion, then, widespread abundance, as has been pointed out,
is still o promise, not a reality. Modernized agriculture does not in it-
self guarantee plentiful, low-cost food or full employment. Properly
managed, though, technological advances in agrieulture can provide
part of the ingredients of a better tomorrow.

Through imaginative, persistent applications of science, man has
demonstrated his ability positively to disrupt traditional, low levels of
equilibrium. Perhaps it 1s through its pragmatic demonstration that
man need not be satisfied with an unsatis?actory lot that the (Green
Revolution sperks most elogquently.

Mr. Troasown. Thank you, Dr. Hardin.

Mr. Fraser. Mz, Charrman, X have a note about the questioning.
As I understand the ground rules, the members have the first oppor-
tunity, I will see which members do have questions. Even though I
am & junior member of the committee, T will follow the seniority
system and call on our chairman first.

IIOW CAN COOPERATION BE IMTROVED?

Mr. Zseprocxr. In your presentation, Dr. Myefs, and all three of
the panelists, former Secretary Freeman, Mr., Gand and Dr. Hardin,
you have touched upon the necessity of, cooperation, the need of a
cooperative effort among all agencies and organizations, and particu-
larly with the particrpating countries, the developing countries.

» My question to Dr. Myers and the panelists would be: In what way
can the cooperation be improved?

Further, if we can get necessary cooperation with friendly coun-
tries, would it be desirable and advisable to have the Green Revola-
tion, our agricultural technology, made available to unfriendly
countries, mainland China, for example?

I know this is a difficult question to try to answer under our 5-min-
ute rule. I hope Mr. Fraser will be very cooperative in permiftting the
panelists to take o bit more time than 6 minutes.

Dr. Myers, would you care to comment? How can cooperation be
improved, and do you foresee any possibility of making awvailable
agricultural technology to mainland China.?

A GROWING EFFORT AT COOPERATION

Mr. Myers. Mr. Chairman, this is, as you have said, not an easy
guestion to answer.

Thers 1s, I am convinced from my own experience, a growing effort
being made by the various ngencies. involved in extending assistance
to the developing countries to coordinate their efforts to cooperate
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where that is appropriate, and at least to be certain that their efforts
are synergistic rather than conflicting.

This i3 developed in 2 number of ways. Dr. Hardin and I ave, I
believe, the only ones present today who had the pleasure to attend
a meeting which the Rockefeller Foundation hosted in Jtaly last April
of the heads of the major multilateral and bilateral technical assist-
ance agencies. The meeting was designed primarily to foster mutual
understanding of what the problems are and what the roles of each
-agency—the World Bank, the regional banks, the U.S.-AID, the

* Canaciian International Agency, UNDP, and others—are and how
these agencies could perform their roles more effectively.

There will be a meeting in Ttaly in February of the next level of
people in these agencies, the people who have direct responsibility
for their agricultural programs, to disecuss more in depth how their
efforts can be coordinated more elfectively, to reduce necessary over-
lapping and to produce a catalytic effect which will cause 2 plus 2 to
equal 5 Instead of only 4.

COUNTRY-BASED CONSORTITMS

Some of the most effective coordination is done at the country level.
In many countries there is an informal and in some a formal consor-
tium of people working within the country from the various external
agencies—the World Bank, U.S.-ATD, the foundations, FAQ, and
so forth, The local representatives get together periodicaily to develop
a better understanding of what they are doing, why they are doing it,
how they are doing if, and how they can improve their programs.

1 believe each sgency has always worked carefully to develop co-
operative relationships with institutions of the host country. This is
extremely important, to be sure, :

Furthermore by working through and with the host country insti-
tut.ioglls, the efforts of the external agencies tend to be better coordi-
nated. .

Finally, T suggest that ¢ooperation and coordination cannot very
easily be dictated from the top. It is dependent so much on the indi-
viduals involved that in some places and in some countries we can ex-
pect 1t to be much better than m others, simply because the people in-
volved want to cooperate and make greater efforts to work together.

THE GREEN REVOLUTION AND RED CHINA

In reply to the second part of your question, I believe we can and
should develop more effective working relationships and cooperation
in agricultural development with some of the less friendly nations, in
spite of the-difficulties of doing so.

One of the mechanisms whereby this cooperation can be developed
is through international institutes which we mentioned. The institutes
are not only international but, in a real sense, apolitical.

The staff and sclentists of the International Rice Research Imsti-
tute are, for example, not only permitted access to Burma, but are in-
vited by the Burmese to come in to help them set up their agricultural
experiments, to bring their materials in for testing, and to come back
to help them evaluate the tests, Institute scientists have such access
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because the institute is international and, therefore, presumably does
not favor one side over the other. L.

We have some reason to believe that the improved rice varieties
from the Rice Research Institute, and the dwarf wheat varieties from
Mexico are already being used in North Vietnam and in Red China.
Of course, we don’t really kmow, because none of us has access to this
kind of information, but there have been-such rumors at least,

There 15 much to be gained, it would seem to me, because if peopls
are less hungry and less in want, they may be less difficult to Hve with.

RECOMMENDS “smrorT TETHER” POLICY

Mr. Freeaaw. In terms of cooperation, I think it is obvious that how
you cooperate will depend in considerable part country by country,
and you have to realistically face the differing kinds of economic and
political problems of special countries.

In that connection, I think we are increasingly using the private
sector in some of these things more effectively. One of the wholly-owned
subsidiaries of EDP Technology with which I am now associated
is International Development Services.

‘We have contracts in a dozen or so countries around the world, and
there are things that can be done in varvious places. You can coopet-
ate more effectively sometimes if it isn’t direct government, per se.

I might say to you, Mr. Chairman, and the committee, that there is
an old saying you, have to put your money where your mouth is.

If we ave going to want to cooperate, want to further this, we will
have fo have an aid program and it will have to be financed and sup-
ported, and we will have to have some horses to work with.

I would say that would certainly be éne of the most important
ones. But recognizing we can’t force things on people, by the same
token, I think we oug?at to be very firm. It was my experience that the
short tether policy is an important one, that if we go into a country
and we are anxious to help them, they have to-want to help themselves.

That is a matter of judgment in the individual countries, but I think
it ought to be followed and we ought to have o tough-minded policy
in connection with it, and not throw away resources in a place where
they are really not prepared to do anything. “

If they are, try to cooperate, but cooperation is two-sided. There is
an old saying .that you cooperate and I will operate. That is not the
kind of cooperation that will get things done.

CANNOT LOCK UP TECHNOLOGY IROM CHINA

I think in comnection with China, that is an academic question at
the moment. They don’t want to tall to us about, anything, trade or
anything else.

Therefore, we can’t do very much about.it. But they do exist in the
world. I think it is the policy of this country, and properly so, that
we. should try and tallc with them. A very eloquent language 1s the
language of food and agriculture.

For my part, we couldn't lock up this technology if we wanted to.
If T were makin% the decision and Communist China, wanted to have
us cooperate with them in trying to strengthen their agriculture, I
would vote “yes” and be prepared to do so.
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RECOMMENDATION OF PEARSON COMDMISSION

Mr. Gaop. Mr. Chairman, may I add just a word on. this business
of cooperation?

I agree entirely with what Dr. Myers said. o i

It might be worth noting that the Pearson Commission dealt with
this question at length. It is discussed in their report, “Partners in
Development,” which I am sure you are all familiar with,

They come up with a concrete suggestion, after pomting out the
difficuity of trying to get a disparate bunch of organizations to work
together: bilateral a,ig agencies, multilateral aid agencies, private
foundations, developing countries—none of them with o common boss.
How do you get them to cooperate and work together?

In an ideal world, each developing country would coordinate all of
the 2id that was offered to it. But the developing countries are not up
to doing that. So we have to rely on some other meansof doing it.

"The concrete suggestion that the Pearson Commission made—if you
can call it a conerete suggestion—was that the President of the World
Bank should call a con%erence within the next 6 months or so of the
heads of the various organizations and agencies involved in the aid
business, and try to work out some more effective method of co-
operation. S

1 suppose you might say in a way that that was an admission of
failure in that they were not able to come up with a specific suggestion
themselves. But if it is, T wouldn’t eriticize them for it. I don’t think
any of us know how to go about this.

I do believe that the degree of cooperation hasimproved enormously
over the last 6 or 8 years. Its effectiveness has improved .enormously
over the last 6 or 8 years. There are still a lot of rough edges. I hope
the United States will support the suggestion made in the Pearson
Commission that a try be taken at working out some overall method
of coordination such as they suggest.

“MIRACLE RICE? IN CUBA

Mr. Harpiv. I have two comments. It has been our observation that
cooperation comes at the national level when you have answers that
are useful to people or ways to get to those answers, and your co-
operation is problem focused rather than organization focused.

We have heard that Cuba, for example, is using IR-8 on some por-
tion of her rice acreage. We do not know for sure that they are. If the
new varieties are being used, we do not know how they got there.

But Cuba had 2 rice production problem, presumably. There were
helpful answers to the problem. People are being serveéd presumably
because something conerete had been done about the problem. T agree
with the comment that sciencereally knows and should not know any
international or diplomatic barriers.

There are ways to move that which is known across man-made bar-
riers. Perhaps such. movement is in part achieved by 2 symposium such
as this. We get down to what we really know, what we think we know,
and what we don’t know about how to solve some of these kinds of
problems.
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Mr. Zasrooxt, Thank you. Mr. Fraser..
Mr. Fraser. Mr. Brown had his hand up.
Did you have a question on the same point ?
_ Mr, Browx. On the same thing,
My. Fraser. Why don’t you add your comment ?

LACHK OF COORDINATION IN CONGRESS

Mr. Broww. On the question of coordination and cooperation, I
think a number of the developing countries are finding themselves
in p dilemma today. As they attempt to modernize their agriculture,
their requirements for food aid invariably begin to decline. At the
same time the need for fertilizer and other farm supplies rises. But
these two forms of assistance, food and fertilizer, are not coordinated
in the sense of their being no mechanism to offset, even partially, de-
cimes in food aid with increased aid in other forms such as fertilizer.
Food aid is the responsibiltiy of the Agricuiture Committee and fer-
tilizer and other forms of aid of the Foreign Aflairs Committee; and
there 1s no formal coordinating mechanism between these two com-
mittees. As a result, countries successfully modernizing their agricul-
ture find that they are being penalized by a decline in. assistance avail-
able from abroad for development.

My Fraser. Thank you.

I ean help answer that in one way. Our committes would like to
take back jurisdiction over the food for peace program.

But I think we made one effort and got nowhere on it, so it remains
an unsolved lgroblem.

Mr. Adair?

Mr. Apam. No questions, thank you.

Mr. Fraser. Congressman Findley.

Mr. Finprey. Thank you very much, Mr. Fraser.

DO FOUNDATIONS GET MORE FOR JMONEY?

I have two questions for Mr. Myers. First, why does it appear that
the investment by foundations seems to pay off so much better than
investment through ATID? That may be an oversimplification, but one
gets that impression from.reading about the many successes which
have been largely developed from foundation investment as opposed
to ATD investments.

If there is such a disparity in the investment-benefit ratio betiween
foundation money and government, what can we do to improve the
ratio at the governmental end ?

My second question relates to the appendix item on Mexico which
indicates that Mexico is today drawing interest at the rate of 600 per-
cent per year on all of the investment made jointly by the Government
of Mexico and the Rockefeller Foundation in its corn and wheat
improvement program.

T observe thet that estimate figure does not include the investment,
a very substantial investment, made in irrigation, which would help
to account for the good yield they have had. I raise these two questions
for whatever comment you may wish to make,
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ECONOMIC AWALYSIS OF EFFECTS OF NEW SEEDS

M. Myers, Lot me attempt to answer the second question first. With
regard to it, I must plead some lack of knowledge. As you will note, it
is Dr. Schultz of the University of Chicago who 1s being quoted m this
case. I am not sufficiently well acquainted with the economic-analytical
techniques which were used by Dr. Schultz and his students in making
this kind of an analysis to give a eategorical answer.

It 1s my understanding, however, that so far as possible 1 the eco-
nomie analysis, Dr. Schultz and his students have removed the effects
of ‘other factors that were involved in expanding agricultural produc-
tion, and thus have derived a percentage figure based on the contribu-
tion to agricultural production in Mexico resulting from the
investment in agricultural research and extension programs. If my
assumption is eorrect, and I believe it is, the factor of the 1nvestment
in irrigation facilities, for example, has been removed 1n thelr analysis
of the benefits from the investments in agricultural research.

CAPARILITIES : FOUNDATIONS VERSUS GOVERNMENT

The first question is more difficult to answer precisely. It 1s easy to
take a major success story such as the high yielding varieties and other
technologies generated by the foundations’ investments, and to assume,
therefore, that everything the foundations do is equally successful. We
like to hope that it is, but it probably is not always. We were working
in'this case on a sufficlently tangible, controllable and important aspect
of the total problem, that the results from the foundations’ programs
had’a very large effect on agricultural development. We must remem-
ber, as Dr. Hardin pointed out, that o number of forces also coalesced
to cause the Green Revolution. .

It would be unfair, therefore, to conclude that we are so much more
efficient in our operations than United States-ATD is. T would like to
think we are, but I would not want to try to prove that ws are.

I would suggest some capabilities the foundations have, perhaps not
available to United States-AID, which might be factors in their ap-
‘parent successes.

" In the first place, the foundaticns can select the problems on which
they foeus and the places where they work purely on the basis of
merits as assessed by their officers. The foumdations cannot and are not
expected to work everywhere on everything.

gecond, there is the ability to plan well into the future, knowing
that if the trustees approve a program will be supported for as many
years as necessary. We are, therefore, able to reerunit for our staif
highly dedicated career scientists who know that they will be con-
tinued on the staff for so long as they continme to do the job ex-
pected of them. They know that if they are so successful in getting a
program started, in establishing an institution, and in training in-
digenous people to take over that they are no longer needed there,
that we will have some other place for them to go and something else
for them to do. They can, and we expect them to, work themselves
out of a job. ]

There is no substitute in a scientific program for continuity, ability
to plan in advance, ability to react flexibly as one moves ahead
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and asstirance that the resources will be available to carry on the
program to 1ts logical termination.

Twould suggest that we might give more consideration. to long range
Planning- and commitment in our Government international -dev elop-
ment efforts.

Mr. Frasgr. Thank you, Dr. Myers.

Do any of the panel want to comment further on either of the two

arts?
P GOVERNMENT ROLE IN GREEN REVOLUTION

Mr. Gaup, I would like to add & word on that. Tt seems to me that
the foundations and ald agencies such as ATID have complementary
roles, I agree entirely with Wh&t has just been said, that an aid agency,
and I don’t care whether it is the U.S. ATD agency or any other aid
agency, isn’t the best organization to.carry out a long-term research
function.

I think this can be handled better in the private sector. But I do
thinls thab the-aid agency can perform a useful role in putting up
some of the.money that is needed just as AID, the Canadians and
others are now putting up funds to help support. these research
Institutions we have been talking about.

But I deplore any sucgestlon that ATD take over what T believe to,
be the foundation’s part of the Green Revolution. I.think AID’s
job 1s a very different one. Just. as a foundation has great advantages
in carrying on a long-term research job, AID, if it 4s given -the re;
sources by the Goncrress, is better suited, than the foundation.to carry
on a large-scale training effort, to carry on large-scale technical as,
sistance efforts, to provlde fertﬂlzer _under ‘nopprogram loans, and
to help build fertilizer factorles

I “think, Mr. Findley, it is a questlon of rendermo' unto Caesar
what is Caesar’s and rendering unto God what is God’s. T don’t think
the two sitnations are really comparable. :

FOUNDATION WORK: “TIr OF IGEBERG”

Mr. Harpin. It séefms to me that some of the things the foundations
hove done emerge as the lip of the iceberg. If you Tools at India and
Pakistan in terms of what -actually ha.ppened to move the rice and
the wheat, the varieties were only the handle to the package.

Where did the fertilizer come from? How did it get there? How
avere the people trained ? How was the irrigation plﬂ.nne,d and financed ?
How did- the whole organizational structure get- esta.bhshed at the
village level and up?

These represented inputs not only from United Sta.tes—AID but
irom national and multinational agericies all across the board.. It is
grossly unfair to say that ‘any one ent.l’oy was the architect of this
whole qjob.

It wag a-team effort. Tt requlred very substantial resourcm, human
and finaneIal, that did not and could not come from the foundations.
The total requ:lrements were. Gomple.tely beyond the capabﬂltles of the
foundations. - -

Mzr. Fraser. Any other questlons from members of the subeconi-
mittes ¢

Are there any questions from the audience?
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FUOTURE ROLE OF FOUNDATIONS

Mr. Lyre Scaerrz (U.S. Deparment of Agriculture}. Mr. Gaud,
you suggest that the long-term research effort is in the province of the
foundations. I then in turn wish to ask Dr. Myers: Do you see the
resources from the foundations to do the research task that you out-
lined earlier? . .

Mr. Mxers. I listened especially to the Jatter part of Mr. Gaud’s
statement, that is that much of the financial resources for some of
the long-term research efforts can and should be provided, as they
are now Deginning to be, by U.S.-AID, Canadian International De-
velopment A gency, and others. .

The foundations do not have the resources to do any more than a
small fraction of the total research work that needs to be done in
getting agriculture moving in the developing nations.

We have helped, as I indieated, with the establishment of the inter-
national research institutes. They are now seeking support from other
sources in addition to the foundations. It is our hope that the time
will come fairly soen when we will be minor confributors to the
ongoing research efforts of these and possibly other institutes that
may be developed and that AID and others will be the major finan-
cial contributors,

If I understood Mr. Gaud correcily, he did not suggest the funds
should not come from such sources as AID; rather he was talking
about the continuity of management, career stoffing, et cetera.

My, Frastr, The fime is now 11:30, so we ‘have to end this panel’s
discussion. On behalf of the subcommittee, I extend our thanks fo
Dr. Myers, Secretary Freeman, Bill Gaud, and Dr. Hardin. I think
we owe them all a round of applause.

[Applause.]

SESSION II: THE POLITICAL, SOCIAL, CULTURAL, AND
ECONXOMIC IMPACT OF THE GREEN REVOLUTION

INTRODU,GTION OF DR. MOSHER

Mr. Zaerockr. I will now call upon the ranking minority member
of the committee, the Honorable Ross Adair, to introduce the next
speaker and to present the panelists for session 2, the political, social,
cultural, and economic impact of the Green Revolution.

Mr. Apasr. It is my privilege, Mr. Chairman, to introduce the author
of the sacond major 113&per to be presented here today, Arthur T.
LY{O%E(I'}" tpremdent of the Agrieultural Development Council of New _

ork City.

Dr. Mosher has been active in rural technical assistance since 1933.
From-that year intil 1953 he was closely connected with the Allahabad
Agricultural Institute in India, engaging in a number of experimental
programs of extension methods, ar?‘é‘- serving as prineipal of the in-
stifute from 1948to 1953.

From 1953 to 1955, Dr. Mosher was visiting research professor of
economic development and eultural change at the University of
Chicago, from which he received a Ph.D.in 1946. -
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After serving at Cornell University from 1955 to 1957 as divector of
2 seminar on compgarative extension education, Dr. Mosher was ap-
pointed executive director of the Agricultural Development Counecil
in 1957 and became president of the council in 1967.

The anthor of several books, the most recent being “Getting Agricul-
ture Moving” (1966), he has written numerous articles on problems of
agriculturaf development and served for several years as chairman of
the Research Advisory Committee of ATD.

Dy, Mosher will discuss the political, social, cultural, and economic

impact of the Green Revolution.

STATEMENT OF ARTHUR T. MOSHER, PRESIDENT, THE AGRICUL-
TURAL DEVELOFMENT COUNCIL, NEW YORK, N.Y.

Mr. MosgEr. Congressman Adair, Mr. Chairman, ladies and gentle-
men, I think it is already evident that throughout the day we are going
to have considerable overlapping among these topics, moving back
and. forth among them.

This is probai)ly just as well. So far, at least, we have not hed any
violent differences of opinion. I think this is one of the hopeful signs
of whatis happening with thess new varieties.

One of the contributions they are making is to help us see the whole
range of tasks involved in agriculfural development and of economie
development more broadly.

In outlining the major economsie, political, social, and enlfural im-
plications -dnd effects of the “green revolution,” it seems to me to be
useful to divide them into threa groups.

First, there have been a number of effects of a completely positive
nature that are important and far-reaching, .

Second, there 1s a group of effects that confront us as problems
primarily because we were not ready for them.

Third, here is a set of problems brought on by the Green Revolu-
tion that confront us with hard policy questions involving national
goals both within and beyond agricultural production itsel.

Some of the problems that these create mmust be faced. We could re-
fuse to become concerned. about others of them, but a refusal to become
concerned about others of them, but a refusal to begin to face them
now might lead to much more serious problems in the future.

1. EFFECTS THAT ARE WHOLLY CONSTRUCTIVE

There are many results of the Green Revolution that are unambig-
uously constructive. It has brought an appreciable increase in food
supplies that buy valuable time in the race between food production
and population increase and that simultaneously make inecreased de-
. velopment activities feasible without causing infiation.

It has substantially increased incomes of important segments of each
national population. It has brought a pervasive upsurge of confidence
spreading through the countryside and the political capitals of im-
portant parts of the world.

It has resulted in much greater attention being given to agricultural
development by national governments who now see that their domi-



44

nantly agricultural base need not be a disadvantage, but can make very
substantial contributions to general growth. _ o

It has resulted in greatly increased private investments in farming.
Millions of farmers now reslize that farming can be profitable and
that it can repay capital invested in it at a very satisfactory rate.

Tt has resulted in much greater private investment in agribusiness
enterprises; those businesses that supply farmers with proﬁuctlon 1n-
puts and that maxrket and process farm products.

It has, of course, rezsulte.&J in a greatly heightened awareness of the
value of biological researcl. It is now widely realized that the path-
way to a modern agriculture begins with the application of modern
science and technology to the problems of farming. -

And there is now widespread recognition that new varieties of'crops
can be the carriers of a whole new technology of farming.

TFinally, the changes brought about by the Green Revolution are
demonstrating the interlocking unity of rural and urban, and of agri-
cultural and mdustrial development. ITn doing this they are introdue-
ing o new realism into general planning for cﬁave]opment.

Special note should be made of the encouragement the Green Revo-
lution has given to foreign aid agencies, both governmental and
foundation. '

» All have had a hand in it although it was the Rockefeller and Ford
Foundabions practically alone that began and carried through the most
important research activities that made it possible.

fater, international and bilateral aid agencies played important
nétes. They all now know that this kind of cooperation can be highly
effective. .

Some of these effects constitute objective gains already achieved—
the gains in food supply, foreign exchange conserved, new investments
completed; new patterns of organizational cooperation—ivhile others
change the social, economic, and political climate in ways that facili-
tate additional gains in the future.

II. EFTECTS THHAT REVEAL DEFICIENCIES

The second set of influences of the Green Revolution grows out of
the unpredicted suddenness with which production increases have been
achieved. -

Up until very recently, the predicted rate at which it seemed likely
that production increases could be achieved was slow enough that it
was assumed that other problems that might be involved could be
handled fairly easily as they arose. :

Contrary-to all predictions, the spread of the new varieties-of wheat
and rice in certain parts of Asia has been extraordinarily rapid and
each nation.has been vanght unprepared.

It has been estimated that the area in the new high-yielding varieties
in Asia imereased from 200 to 34 million acres within the period of 4
years from 1964-65 to 1968-69.

- It is no wonder, therefore, that serious deficiencies in arrangements
for keeping up with such rapid expansion have been encountered.
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FSTIMATED AGCREAGE IN NEW HIGH-YIELDING VARIETIES IN ASTal

Year Aeres
196465 e _ 200
- 1965-66 - 37, 000
1966-87 - _ _ 4, 800, 000
19067-68 - 20, 000, 000
196569 - - - - 34, 000, 000

1 Dana G. Dalrymple, “Tstimated Aren of High-Yielding Varieties of Grains in Ten Asian
Naotions,” International Agricultural Development SBervice, T 3. Department of Ageiculture,
November 1968 The 1968-60 figure represents goals,

INCREASED DEPENDENCE ON PURGCHASED INPUTS

One_of the problems that has emerged is the rapidly increasing
dependence of farm production on purchased inputs—seeds, fertilizer,
pesticides, and equipment. . :

The multiplication of pure seed poses problems but the profit to be
gained by engaging in seed produetion is a powerful stimmlus to get the
job done, and the rapid succession of crop generations made possible
by multiple cropping within each year, plus the practice of importing
seed from abroad, makes the task relatively casy.

The substantial amounts of fertilizers and pesticides, however, that
are necessary to get full value from the new varieties are another
matter. The manufacturers of ferfilizer requires either very large in-
vestments ‘domestically or considerable amounts of foreign exchange
1f they are to be Imported. .

Pesticides require less in the way of capilal investment but their
ma.%mfacture is an intricate process, subject to large economies of
scale, .

In addition to seeds, fertilizers, and pesticides the-successful eulti-
vatlon of the new varieties requires certain types of new farm equip-
ment and in certain circumstances new sources of farm power.

In general, agricultural development as a whole involves only rela-
tively minor requirements for foreign exchange but, unless o country
develops its own sources of supply, providing the purchased inpuis
on which the new agricilture 1s dependent can malke very heavy in-
roads into a country’s limited supply of foreign exchange.

From 1960 to 1967, the percentage of India’s total export earnings
required to finance fertilizer imports alone rose from 214 to 20
percent.t

Because the Green Revolution has spread so rapidly there is a
serlons lag in facilities for making avallable the farm supplies and
equipment on which the full value of the new varieties is dependent
and accelerated programs to make good these deficiencies are now
needed. -

RISE IN GASI COSTS OF FARM PRODUCTION

‘Closely assoclated with the increasing dependence of modern farm-
Ing on purchased inputs is an appreciable rise in the cash- costs of
farm production. The cash returns, of course, can be far greater both
to individual farmers and tonational economies.

iBrowh, Lester R,"“New Directions in World: Agrienlture,” Second International Con-
ference on-Wak on Hunger, Washingfon, Ieb. 20, 1965, .

38-612—T0——+4
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One estimate places the increase in GNP in India and Pakistan at
$200 million and $625 million respectively in 1968 and similar addi-
tional increases in 1969.2

But in order fo achieve these increased returns that are possible .
each farmer must first incur increased expenditures for the neces-
sary purchase of inputs. )

An estimabe with respect to wheat in India is that growing a high-
yielding variety and practicing appropriate cultivation techmiques
costs 60 percent more per acre than growing the varieties it replaced.

Estimates with respect to rice in the Philippines have been higher.
Whatever the exact ingreases in a particular location, the result is
an enormous expansion in the need for farm credit, and for expansion
and modernization of banking and financial facilities through which
the credit can be managed and made efficiently available to the
millions of individunal farm operators who need it. :

:_[NGREAS.ED NTEED TOR ALARBETING, BTORAGE, PROCESSING, AND
TRANSPORTATION FACILITIES

If we have been caught short by the rapidity with which the Green
Revolution has spread with respect to arrangements for jproviding the
off-farm facilities on which increased production depends, we are
equally in temporary difficulties because of a lack of adequate provi-
stons for handling the increased production once it has taken place.

These include facilities for marketing, for storing, for processing,
and for transporting the increased production and for financing all of
these operations.

The parts of each country where the new varieties have most rapidiy
taken hold are those where facilities for handling farm produects were
already developed to a considerable degree, but even there production
has been rising much more rapidly than existing facilities are ade-
quate to handle. .

EXPANDED NEED FOR PUBLIC SERVICES TO AGRICULTGRE

Hvery modern agriculture is heavily dependent on a number of
services that must be publicly gprovideg Where these are inadequate,
it places an additional consfraint on the spread of the e&
Revolution.

Farm to market roads to facilitate getting farm products to market
and farm supplies and equipment to farms, an agrienltural extension
service to help farm operators male the best use of the opportunities
evailable to them, a market information service that keeps farmers
mformed about present and probable future prices, and a set of public
policies affecting the prices of farm products and costs of production
are.all important.

In addztion, national systems of adaptive and protective research
are lagging badly in most countries. The international centers out of

-

T¢Een

*Borlaug, Norman .; Narvaez, Ienacios Aresik, Addvar; end Anderson, R Glenn : “4A
Green Revolution Yields & Golden Harvest)” Columbia Journal of Warld Business, vol, Iv,
No. 5, September—Getoben 1969,

I Mann, 8. K., Moore, C. V., and .'l'ohl’, 8 8, "HDstimate of Potential Bifects of New Tech-
nology on Agrienlture inPanjab, India,” American Journal of Agriculfural Econemics, vol
§0, No. 2 (May 1968), p. 289.
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which most of the new varieties have come ean provide basic seed
stocks and information that can be applied directly under o large
number of local circumstances.

They cannot, however, provide the continucus protective research
needed to contrel varying combinations of pests and diseases, nor can
they carry on the adaptive research needed in many areas to determine
optimum combinations of cultural practices for reiions with particular
combinations of soils; moisture availability, markets, and other local
factors.

Consequently, a well integrated program of agricultural research
in each country is essential as a complement to the meajor international
centers if maximum advantags is to be taken of the new technology.

It should be stressed again that the primary characteristic of each of
the foregoing problems is that it represents a Jag in making important,
facilities avallable.

Meeting each of these requirements will require some adaptation
to prevailing conditions ineach country but on the whole the technology
for meeting these problems is in hand and some start has been made
aimost everywhere toward meeting them.

What is required now is primarily & greatly increased effort, much
more investment, and an improved planning process that helps to keep
all of the requirements for a growing agricultural economy reasonably
in phase with each other,

L]

IIT, EFTECTS THAT RATSE IRM[PORTANT POLICY ISSUES

The third set of effects of the Green Revolution includes those that
ralse new and difficult policy issues for each country.

How these are handled will have considerable repercussions on rates
of economic growth and on the soeial desirability of. the outcome. Be-
cause they will differ from country to country and because the inter-
aCti&)Itl;g among them vary we do not know as much about them as we
nee .

They are, therefore, problems with respect to which we need con-
siderable additional research as well as prompt attention.

TENDENCY TOWARD LARGER FARMS

One tendency that is already evident in a number of places is to-
ward expanding the size of individual farms. As men with managerial
ability and accessto capital see the profitable opportunities in farming,
using the new varieties and associated cultural practices, many of them
take steps to secure control of increased amounts of land to which they
can apply their managerial skills.

One result of this is to bring good land under the management of
profit-oriented operators who can finance the new technology, thereby
increasing gross production.

' To the extent that there are real economies of scale of larger farms
this also results in increasing the competitive advantage of large farm-
ers overthose whose farms are still small.

These two tendencies, taken together, are likely to lead progressively
toward an agriculfure made up of fewer and fewer farms. That has
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been the usual development, except in Japan and Taiwan where
steps were taken to prevent it.

Tt can be a wholesome shift, 2f adequate nonfarm employment oppor-
tunities exist for those forced cut of farming, but in most of the de-
veloping countries that condition does not prevail now nor will it for
several decades to come.

TENDENCY TO MAKE FARM MMECHANIZATION MORE PROFITABIE

A second effects requiring policy attention is the tendency of the
new technology to make farm mechanization more profitable. Some
forms of mechanization are certainly to be encouraged: Methods of
harvesting and preparing seedbeds more quickly where that is essen-
Jgial to multiple cropping; artificial grain drying where that becomes
necessary ; the application of power fo water pumping for irrigation;
and adequate implements for precise fertilizer placement and for
pest and disease control measures.

The types of mechanization that are more questionable are those
that primarily reduce human labor, even when that is profitable to
the individual farm operator.

Mechanization that displaces labor may vesult in greater profits
for those farmers who adapt, it, but at a social cost of reduced employ-
ment opportunities and, where the importation of equipment is in-
volved, at a cost to the economy in foreign exchange and often of
public subsidies.

To maximize farm earnings is not necessarily to maximize social
returns.

VARIED TMPACT ON EMPLOYMENT OPPORTUNITIES

A third substantial effect of the Green Revolution having policy
implications is its impact on employment oppertunities. This has
previously been referred to. ’

Much has been said about the race betsveen population growth and
food production. In the long run, the impact of a high rate of popu-
lation growth on the size of the labor force and the consequent need
for remunerative employment for rapidly increasing mumbers of
people may prove to be an even more serious problem.

It is not at all clear what the net impact of the Green Revolution
on employment opportunities is. On the one hand, because of the
more continuous and more careful cultivation that the new varieties
refuire and because of the multiple cropping within a single year that
they make possible, the new technologies actually increase substan-
tially the amount of labor that can profitably be employed in form-
ing inthe absence of widespread:mechanization. -

In addition fo this, the many agribusiness services that are neces-
sary in order-to provide farms with supplies, equipment, and credit,
increase employment opportunities to manage and operate them.

The construction and maintenance of farm to market roads that
hecome increasingly important as agriculture becomes more commer-
cial are another source of employment. S¢ are the construction and
operation of new irrigation facilities to expand the area within which
the new technology can beused.
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And if the increased production made possible by the new tech-
nology results in substantial increases in rural incomes with a conse-
quent increase in the rural demand for urban-produced consumer
goods, then to that extent the Green Revolution increases employ-
ment opporfunities in consumer-oriented urban industries.

Despite all of these ways in which the Green Revolution can in-
crease employment opportunities, the net effect that it will have is
unknown. To the extent that the increased profitability of farming
for those who have access to resources causes them to mechanize in
ways that reduce the amount of Jabor required in farming, the net
effect is bound to be much less than the various increases In employ-
ment opportunities that I have just mentioned would seem to indicate,
and the result may even be a net reduction in total employment oppor-
tunities available in the country.

Even if the net effect of the Green Revolution does not reduce
the employment opportunities, the outcome may not be satisfactory.

Almost every developing country will need nereasing employment
opportunities within agriculiure for at least the next 25 years in order
to lkeep up with the rising size of its national labor foree. No coneeivable
realizable rate of industrialization can keep up with the total net
growth of the labor force in most developing countries at the present
tune.

Most countries will have to inerease the mumber of persons profitably
employed in agriculture if they are to provide employment for all of
their people. .

Obviously, all three of these effects just described are highly inter-
relafed : The tendency to increasing size of farms, the tendency toward
mechanization, and the impact on employment opportunities.

INCREASED REGIONAL AXND LOCAY, DIFFERENCES IN FARM INCORME

The Green Revolution is creating a wider range of farm incomes
in each country, both regionally a,ncfﬁoca,lly. ‘Where the new-technology
1s available for some crops but not for others, those parts of each
country that are suited to the growth of crops for wlhich new tech-
nologies are awvailable will tend to forge ahead while other regions
will'lag behind. :

Moreover, coherent, specific programs promising a quick payoff
are possible for regions to which the new technology is adapted. For
other regions, the most appropriate immediate program. is more diffuse
and cannot be expected to get results so quickly.

The result is regional resentments, dissatisfaction with the national
government, and internal dissensions in governmental agencies.

Iven among regions growing the same crop for which new tech-
nology is available, differences in farm incomes corresponding to dif-
ferences in land resources and to differences in the rural infrastructure
that is available, tend to increase.

Locally, differences in income tend fo develop between owners of
land and other farm operators, and also between farmers who differ
In-managerial ability. ' )

Oneners.of farms can profit more from a given increase in production
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because they do not have to divide the harvest with a landlord, and
they generally have greater accessto credit.

The task of managing a farm which is heavily dependent. on pur-
chased inputs and sells most or all of its products in the market, utiliz- .
ing considerable amounts of credit in the process, is vastly different
from the management, 6f & farm where the skills necessary are those of
cultivation. .

Farmers vary greatly in their ability to handle these new managerial
responsibilities and consequently the new technologies have a tendency
to result in much greater differences in income between different farm-
ers, even among those who have the same area of land at their disposal,
than existed before. . 3 .

The important policy questions posed by these increasing differ-
ences in farm incomes, both regionally and locally, are not so much
problems affecting agricultural growth as they are national problems
of social equity and of politicial pressures. .

Few governments are, or should be, concerned solely about economic
growth, Most of them are also interested in at least a tolerable, dis-
~tribution of income, and every representative government has-political
pressures to help the poorer people and to aid the less prosperous parts
of its country. . ]

The Green Revolution is no more responsible for exacerbating this
problem than is every other economic advance that affects particular
sectors of an economy but not others.

‘What the Green Revolution has done is to give rise to these prob-
Jems in the countryside in countries that are predominantly rural and
there its effect so far has been to inerease the incomes of those already
befiter off iri the parts of each country that already were more pros-
perous. Its effects call for new pelicy decisions that can make its con-
tributions less localized and less confined to only certain classes of rural
people. They call as well for increased attention to nonagricultural
solutions to the economie problems of people living in the less advan-
taged rural areas,

CHANGED PATTERNS OF INTERNATIGNAL TRADE

Next, the Green Revolution is already having a major effect on
patterns of international trade. Every developing country is mow
strongly motivated by a desire for self-sufficiency in every commodity
possible, but, particularly in every food commodity. -

This is an understandable objective, especially in view of the need
to conserve foreign exchange for the purchase of industrial equipment,
and other essential commodities that eannot be produced domestzcally.

However, to the extent that any conntry reduces its imports of a
particular commodity it reduces some other country’s exports. Conse-
quently, every gain made by a particular country in a particular com-
modity tends to change the pattern of international trade. Fach conn-
try faces o somewhat different problem at this point.

Much more attention needs to be given to these problems if rising
production, particularly of rice in Asig, is not to lead to serious foreign
exchange problems among the countries.of South and Southeast Asia
in the near future. :
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DANGER OF BUPPLY EXCEEDING ECONOMIC DEMAND

Finally, preoccupation with taking steps to incerease production has
prevented adequate attention being given to the subsequent problem
of assuring an adequate rise in economic demand.

Because a country had been importing large quantities of rice or
wheat, and because it was assumed that progress toward getting
domestic production up high enough to meet domestic demand would
be much slower than it has proved to be, an adequate economic demand
was talen for granted.

Now, however, several countries are already at or near the point
where additional increases in production may be choked off unless de-
mand increases.

To secure that increase domestically will require either a rise in
urban Incomes or 2 lowering of the price of the grain involved, and
the latfer route would require either consumer price subsidies or lower
product prices to farmers.

Lower prices to farmers might or might not inhibit further produc-
tion increases. The same processes which have led to greatly increased
yields can substantially reduce costs of production, depending partly
on what price and other policies are adopted. :

To get access to foreign markets for a country’s “surplus” would, in
most cases, Tequire more rigorous grading, more careful handling in
storage and shipment, and, In some cases, a shift to other varieties that
would be more acceptable to foreign buyers.

‘Whatever route 1s taken, the success of the (Green Revolution on
the preduction side is leading to difficult policy problems with respect
to economic demand.

The significance of each of the six effects discussed in this section is
not that these tendencies In all cases represent detrimenta] develop-
ments that should be avoided. They are, instead, efiects that have to be
taken into account, carefully considered, mitigated where that is con-
sidered important, prevented where that seems wise, and allowed to
take place unimpeded wherever analysis of the local situation so
indicates. .

Recognizing what the tendencies are, we need much more careful
study in each country to find out what the facts are with respect to
each of them and to devise appropiiate policy responses. Their net
joint effect will be determined by the public policies that are adopted.

There are many important effects of the Green Revolution that are
not discussed in this paper. The changes inherent in the new tech-
nology modify the pattern of rural living, sometimes drastically; the
more continuous care of growing crops throughout the year changes
work patterns, soclal customs and religious observances that mean
much to people. They change opportunities for migratory labor on
which many people have depended.

The rise of new kinds of commerecial and governmental activities in
villages causes changes in socia] structure and status, and gives rise to
new kinds of leadership to the detriment of other kinds. The advent of
new rural organizations changes patterns of local politics and farmer
behavior,

All of these effects are important. They are effects that are not
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peculiar to the Green Revolution; they are inherent in many kinds
of change. . ]

However, both the suddenness and the pervasiveness of the Green
Revolution have, in many regions, precipitated all of them at once,
making them especially disruptive and hard to deal with constructively.

IV, POLICY CONSEQUENCES

While differing sets of local circumstances call for different policies
with respect to individual problems, the impagt of the Green Revo-
lution to date suggests certain general policy consequences for devel-
oped and developing countries alike. . .

1. Continue the process of the Green Revolution with respect to
major cereals and extend it to other farm commodities: Some of the
problems we are encountering arise from the fact that high-yielding
technology has been develo;:e?l for only a few farm commodities.

Yet even for those few the process needs to be continued in order to
meet, new consumer preferemces, introduce resistance to adibcdional
disenses, and fit other sets of local agricultural conditions.

9. Give special attention to the production of fertilizers and other
farm inputs, and to the improvement of irrigation facilities: The appli-
cation of the new technology will be inhibited unless capacity to pro-
duce farm inputs is greatly expanded and irrigation ZTacilities
improved. . .

3. Make agribusiness facilities, farm credit, and public services to
agriculture available in forms that meet the needs of farms of all sizes:
Much of the advantage of laxger farms results from thelr greater access
to capital and to facilities and services. Moreover, their advantage is in
profits per farm operator rather than in production per acre.

Where population is dense, Jand scarce, and alternative employment
opportunities scarce, greater production per acre mav be achieved on
the smaller farms if they have access to the facilities they need.

4. Shift from the objective of self-sufliciency in specific commodities
to that of creating a modern agriculture: “Self-sufficiency” as it is
nermally measured never did mean that & country has as much of a
particular commodity as its people need. '

Instead, it only means that & country is producing at home as much
of the commodity as its people are in a position to and willing to buy
at the price at which it is offered in the market.

The fact that Pakistan is now self-suflicient in wheat dees not mean
that there are still not many hungry people in Pakistan. The Philip-
pines can be self-sufficient in rice even while large numbers of its peo-
ple do not have enough to eaf.

Bven in the United States with our substantial surpjluses and con-
siderable exports we still ‘have many hungry people. Self-sufficiency
has-served-asa useful slogan but. it is an ambiguous measure and easily
leads us astray.

Instead, the time has come to readjust our priorities in planning for
agricultural development 1n such a way as really to create a modern
agriculture in each of a number of countries where a start has been
made thanks to the Green Revolution. :

A modern agriculture is one that is always changing. It is one that
is constantly introducing new technoldgy. It is not commodity specific;
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instead, it keeps shifting from one crop to another as relative prices
and costs of production (ﬁmnge. .

It is likely to be one with considerable foreign trade in agricultural
products, exporting some of those that it can to advantage and import-
Ing others that either cannot be produced domestically or ean more
profitably be imported.

In order to create a modern agriculture a country must have its
own national system of agricultural research that borrows what tech-
nology it can from abroad but adapts this to its own peculiar loeal
circumstances and constantly seeks to protect its crops and livestock
from pests and diseases. ]

Tt must arrange for the importation and/or the domestic production
of the farm supplies and equipment needed to put the new technology
developed by research into use.

It must develop a rural infrastructure—an “organization of the
countryside”—that provides the roads, the outlets for farm supplies
and equipment, the markets for farm products, the extension services,
the local verification trials, and the farm credit that every farm that 1s
to inereass its production needs. )

It must iave 2 set of publie policies and programs that give farmers
a strong economic Incentive to produce efficiently.

Tt must have a program of land improvement, including irrigation
where advantageous, to expand and upgrade its agricultural resources.

It must make provision for education and training for the agri-
cultural techniclans it needs.

And to create such a modern agriculture as rapidly as possible it
is helpful for it to adopt that as a goal, set a target date for its
essential completion, and adopt a realistic plan for achieving it.

The time has come to devote more effort to that kind of pT&mﬁng,
and less to planning primarily to secure o certain inerement in the
production of one or a few farm commodities, year by year.

5. Give more attention to overall economic development of specific
regions within each country: Hach country where the Green Revo-
lufion has occurred has some regions within it having dmenediate
potential for agricultural growﬁl, and fthat potential should be
exploited.

As a matter of fact, it 1s only in those countries where the Green
Revolution has had-an effect so far.

Each country has other regions with a fufure potential for apri-
cultural growth—future sither because a new technology for the erops
1t can grow has not yet been developed, or because it must first have
irrigation or physical access to the national economy.

Other "regions’ have low potential for agricultural growth even
though many farm families may now be living there. Equity and
politicel pressures. require that atfention be paid fo all of these, but
the programs that make economic sense in each case are different,

Any effort to bring about agricultural development in these regions
with low potential for growth will fail. .

In developing appropriate separate plans for each of these kinds
of regions, agricultural and industrial planning should be integrated,
partly becanse of the dependence of the growth of agriculture and
mmdustry on each other, and partly because some regions are simply
not suitable to support a modern agriculture.
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6. Revise trade and aid policies of the developed countries to accom-
modate and facilitate the new situation in the developing countries:
Developments growing out of the Green Revolution w1ﬂ affect the
trade patterns of all countries, including those of the Umted States.

They will not necessarily reduce our eommercial farm exports, but
probably will change the composition of them., . .

Similarly, our aid policies need now to he revised in the light of
changed circumsbances, and in that revision the foregoing policy con-
sequences should be taken into account. -

I have given most of my attention in this paper to the effects of
the Green Revolution that confront us with difficalt problems. These
must concern us.

We must also give increased attention to the problems we face now
primarily because the Green Revolution spread so rapidly. But the
most important effects are those I listed 1n the beginning that are
unambiguously constructive, )

The (ireen Revolution has shown that there is & solution tto agri-
cultural stagnation. It.confronts us now with the problems of progres-
sive development. That is & much befter set of problems to have.

(Following is a list of gelected readings which Dr. Mosher included
in his prepared paper:)
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INTRODUCTION OF DR. CARROLL

Mr. Apatk. Thank you, Mr. Mosher.

Our first panelist, Thomas F. Carroll, Chief, Agri-Economics Unit,
Inter-American Development Bank, and adjunct professor of eco-
nomics at (Reorge Washington University.,

A speclalist 1n -agricultural economics and rural development, Dr.
Carroll received his advanced degrees from Cornell. He has taught
economics at UCLA, the University of California, Berkeley, and the
University of Chile.

He has-also done extensive field work in agricultural economics, in-
cluding service as FAQ regional director for Latin America, 1960-61,
and as director, research program in land tenure and agrarian reform,
Inter-American Committee of Agricultural Development, 1965-69.

Dr. Carrol] has written and lectured frequently on the agricultural
problems of Latin Awmerica.

STATEMENT O0F THOMAS F. CARROLL, CHIEF, AGRI-ECONOMICS
UNIF, INTER-AMERICAN DEVELOPMENT BANE, WASHINGTON,
D.C.

Mr. Carrorr. Mr. Chairman, members of the committee, ladies and
gentlemen:

Dr, Mosher has performed a brilliant feat in his paper. He has
simultaneously demonstrated the interrelatedness of the development
process where the successful adoption of Any innovation ultimately de-
pends on advances along many fronts, and at the same time he has
given vivid proof of Professor Hirschman’s thesis on the dynamics of
unbalanced growth in which the Green Revolution is a leading edge.

Of the many excellent points raised by Dr. Mosher, T should like to
underseore and perhaps elaborate abit on two issues. Both will be im-
portant in considering foreign aid during the seventies.

THE MI% OF AGRICULTURAL TRECHNOLOGY

First, on the mix of agricultural technology. It seems to me that rural
modernization is often thought to require the application of expen-
sive machine technology. The success of plant breeding and that of
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production systems based on improved seeds show dramatically that
this is not necessarily so. Macliines may be needed at some further
point of the chain of development, but the starting point is a velatively
inexpensive biological invention followed by a gradually expanding
system of input services. i .

Dr. Mosher said that the spectacular recent progress in developing of
. certain food crops has greatly heightened the awareness of the value of
biological research. It is hoped that the success in building new, high-
yielding varieties of rice and corn can be rapidly extended to other
crops and_to other crop-animal production systems. Clearly, this
awareness had not yet been translated by the international aid-giving
agencies into appreciably greater investment programs.

INCREABING AID FOR AGRI-RESEARCH

National resources allocated for farm-level research are still piti-
fully small, and the share of external assistance for agrienltural re-
scarch is extremely low.

In the Latin American region, to which my present work is focused,
only befiween 10 and 20 cents per farmer are spent on agricultural re-
search as against 17 cents in Japan, about $5 in Western Kurope, and
$46 in the, United States. During the past 8 years less than 1 percent
of all external aid flowing to that region was for agricultural research.

It is, of course, true that it is not only the amount of money that
couuts, as relatively small amounts of funds if systematically and care-
fully applied to key problems over a number of years can produce ex-
ceptionally high returns. In this respect the lesson of the Green Rev-
olution is that investments in technological innovations need to be
accompanied by long-term commitments and continuity of programs.
A closer identification is also needed hetween the international scien-
tific community and national goals and institutions. Few foreign aid
programs now have thesecharacteristics. N

‘While much more must be done in biclogical and adaptive tech-
nology, the serious policy problems mentioned by Dr. Mosher, which
now emerge in the wake of the Green Revolution in Asia, point out
serious inadequacies of research and development in other fields, es-
pecially related to social sciences.

NEED TOR SOCIAL SCIENCE RESEARCH

We have made mmuch too little progress in social science research in
devising viable instibutions and services especially for farmr credit,
marketing, extension, management and agro-industrial assistance, so
that, the spectacular new production possibilities conld be fully and
rapidly used. --

Much of this need is in the realm of “software technology™ rather
than hardware technology. These aspects of the technological complex
are clearly more difficult and controversial than physical and biologi-
cal work. They mean mot only new tools but also new organizational
patterns, new forms of decisionmaking and organizational behavier,
all of which may run counter to local social and power relationships.
Yet, the Green Revolution offers a great opportunity to overcome
these resistances. As soon as new, attractive production possibilities

4
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are available, the basic limiting factorto agricultural development in
most areas becomes not so much the lack of physical facilities—brick-
and-mortar-type investments—but a shortage of trained manpower
and organizational ability needed for program operation. ]

More attention will therefore be required to investments in ex-
tension facilities, management training, and other institutional and
organizational infrastructure, to complement biological research and
the more traditional formms of physical infrastructure.

THE ISSUE OF EMETLOYMENT

My second point is on the important issue of employment, mentioned
not only by Dx. Mosher but also by Secretary Freeman. )

There is a real danger, indeed, that in the absence-of farsighted
policies to complement the new technologies sparked by the (ireen
Revolution, rural employment problems and its counterpart, income
distribution problems, may become more serious. In Lafin America,
this could increase the potential for rural unrest. Let me illustrate the
existing employment crisis. Recent estimates put the number of un-
employed in Latin American rural areas at some 10 million persons of
working age, or about one-third of the economically active population
n the agricultural sector.

In spite of the fact that the agricultural sector which made up about
54 percent of the total employment in 1950 has fallen to about 45 per-
cent in 1968, the number of people in the farmwork force during-the
1960’s increased by about a half million per year. Migration to the
cities has accelerated sharply, but not enough to offset the increase
in rural population. At present rates of growth, and assuming the
upward trend in rural outmigration to continue, about one-third of
the net inecrease In population will remain in agriculture during the
- next decade or two.

This means that the total rural work force in Latin America will
grow by about 1 million workers annually. Urban employment oppor-
tunities are not expanding rapidly enough to provide productive jobs
for the stream of urban migrants, nor are services expanding suffi-
clently., Could the Green Revolution provide more jobs and increase
peasant incomes

CONSEQUENCES OF AFPIJED FARM TECHNOLOGY

There is no question that increased yields and a better balance be-
tween food production and nonfood exports can be highly beneficial
to rural Latin America. Yet, if there is no change in the prevailing in-
equitable agrarian structure, the (Green Revolution may primarily
benefit the largest and wealthlest farmers with good resources and
access to markets, It might make the rich still richer and enable them
to capture markets prevmously served by smaller, semisubsistence
producers.

Modernization on large farms using labor-replacing technology may
yleld increases in output of some crops, and the earnings of the estate
nowners will increase,

But 1t may rednce rural employment opportunities and inerease the
Iurden of the disadvantaged who will have to join the ranks of the
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Jandless, become migrant workers, or-swell the unemployed i the
cities. ] )

Thus, in the absence of reform programs, progressive taxation, and
unless the new technologies are carefully adapted to the average rather
than the exceptional farmer’s needs, the empioyment and Income dis-
tribution problems mentioned could become even worse-and aggravate
social tensions. £

TWO STRATEGIES OF DEVELOPMENT

In the conclnding section of my comment, I would like to give you
rapidly two examprl)es of possible strategies which could take advan-
tage of the new hiological techniques without deleterious effects on
iarm employment, Fortunately, the seed/fertilizer revolution does not
vequire large farms; small family-size units can also benefit from it.

The best hope for providing more employment through the Green
Revolution lies in strategies which stress small farm development and
wider participation of rural people in the development process.

Economies of scale can be obtained in such situations, not by increas-
ing farm size, but by providing larger input, marketing, processmg
and other services.

The Green Revolution is a serious challenge to find optimal com-
binations between output increasing and equity promoting programs.
Acceleration of agrarian reform has become more urgent. But other
imaginative strategies are also needed to help peasant cultivators
benefit properly.

I. DECENTRALIZED AGRCO-INDUSTRIAL DEVELOPMENT

- One of the examples is decentralized agro-industrial development.
I essence, this calls for an interlocking system of investments in rural
areas which could create conditions for self-sustained growth. The in-
come generation and employment potential of decentralized agro-
industrial systems based on the new production possibilities should be
more fully realized.

Such systems can take advantage of important economies of scale
and through complementary investments create the conditions for
{uller use of local natural and human resources.

The establishment of decentralized agro-industrial centers within
the rural environment, with close linkages to farm production, appears
to be 2 promising way of extending the level of rural income and em-
ployment opportunities. Greater attention is needed for development
of agro-industrial projects in which processing, storage, and transport
are an integral part of the production system. The location of food
processing and other agro-linked industry can be brought closer to
their sonrces of supply and their clients. They would reduce the con-
centration of industrial activities inthelargeurban centérs and expand

-economic activities generally in interior areas.

Decentrakized fertilizer manufacturing and mixing, which takes

advantage of new hydroelectric power sources, appears to have a great
. potential. Demand for fertilizers is growing and the income elasticity
of demand for fertilizer is high even at modest income levels. More
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decentralized processing and light manufacturing based on agricui-
tural livestock and forest products should also be considered. Shorter
transport routes for inputs and outputs would lewer prices and thus
assist in broadening the market for farm produects.

It 1s also pla,usibTe that a number of isolated and ineremental invest-
ments which at present appear uneconomic ean be shown to be viable
by earefully linking them to parallel investments which jointly permit
economies of scale and self-generating growth in a regional context.
This approach makes a great deal of sense for smaller market towns
and strategically located population centers whose influence can
radiate throughout rural areas.

This decentralized agro-industrial strategy would mean shifting
emphasis away from the few major urban centers toward a number
of serving rural areas. At the same time 1t implies convergence of in-
vestments around the number of “growth poles.” The case for inte-
grated agro-industrial planming rests on a geographic complementary
of investments. When applied simultaneously and in the proper se-
quence, the investments yield a.greater output than if applied sep-
arately and discontinuously. It 1s different from the usual pilot or
demonstration project in that it must be large and dynamie enough
11;0 l:iecome self-sustained ahd to radiate its influence to a large hinter-

and.

II. DEVELOPMENT OF COCOPERATIVES

The other example I have chosen is in the field of cooperative de-
velopment. One of the most promising forms of rural organization
throngh which employment and income goals can be reconciled with
technological and productivity considerations s the farm coopevative.
. I suggest that the potential advantages of cooperatives and quasi-

cooperatives can be more fully explored and used in future develop-
ment; strategies.

Cooperatives can be strategic in a variety of situations, e.g., where
relatively small operating units need to be.combined with large service
units providing inputs. The always scarce managerial talent and
heavy equipment can be concentrated in the cooperative, tlhus realizing
cconomies of scale. When 1t is possible to reduce costs and gain better
product distribution by joint handling of storage, transport, process-
g, and other aspects of the marketing system, cooperatives can be
easily justified. Cooperatives have'also proved themselves in situations
where credit extensionrand other educational services can be more effec-
tively performed on a group basis. )

The rural cooperative movement in Latin America is still in its
mmfancy. Bfforts to transplant cooperative ideas from other regions
have often failed, but promising experiences with community and
group management are available, especially in areas where the agrarian
structure is more egalitarian and in connection with land reform pro-
grams. In areas of irrigation, pioneer tropical settlement, or complex
machine services, group control is often a necessity, so that peasants
must and do organize effectively to operate indivisible resources.

In general, it seems that market-oriented cooperatives have the best
chance whers peasants are already organized into wnions and where
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they have been exposed to community development or self-help pro-
arams, Suecessful continuation of initial group activity on the local
Jevel also depends on the emergence of second-level federations or
higher level groupings with Hnlages into the wider reaches of the agri-
cultural supply and market system. )
All these experiences should be carefully evaluated and taken into
account in designing future investment project, The Green Revolution
is an opportunity for the introduction and strengthening of novel
forms of cooperatively based rural development projects which have
the capability of involving large numbers of campesinos and assuring
their wider participation 1n the benefits of the development process.

SUBDMARY O ALAJOR FOINTS

Liet me simmarize my major points:

1. Investments in biological and adoptive research along with its
corollary of educational services should be greatly stepped up and put
on_a more sustained basis to cover the major ecological regions. ‘

2. Research and development In rural organization, institutional
nnovations, and management systems must complement work in the
biological and hardware technology fields. :

3. The new food grain techniques present an extremely favorable
opg_ortmﬁty for development which simultaneously increases ontput
and provides a wider distribution of income and employment. How-
ever, this calls for special and, in some areas, controversial and poelit-
ically sensitive strategies. Small faims, bolstered by large services,
have a special role to play in employment and income-oriented policies.

4. Decentralized agro-industrial complexes and rapid multiplication
of cooperatives and other locally based peasant associations offer great
hope that the new biological advances can be an opening wedge to
broad-gaged, human-oriented rural progress.

Thank you, Mr. Chairman.

Mr., Avarr, Thank you, Mr, Carroll.

INTRODUGCTION OF DR. LEWIS

Our next panelist will be Dr. John P. Lewis, dean of Princeton
University’s Woodrow Wilson School of Public Affairs, and the .S,
aid misston to India from 1964 to '1965. A specialist in economy in
government, Dr. Lewis received his Ph. D. from Harvard in 1950.

Followinﬁhis graduation, he became a staff aide to the Couneil of
Hconomic Adviser’s buf returned to teaching at the University of
Indiana in 1953. i

From 1961 to 1963, he was chairman of the department of business
economics and public poliey in Indiana’s Graduate School of Business.

He was appointed s member of the Council of Economic Advisers
by President, Kennedy in early 1963, and served until the fall of 1964
when he undertook the job as director of the ATD program in India.
He served thers until earlier this year when he was named to his pres-
ent positlon. .

Authorof “Quiet Crisis in India” in 1962, Dr. Lewis has written fre-
quently on economic development and planning.
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STATEMENT OF JOHN P. LEWIS, DEAN, THE WOODROW WILSON
SCHOOL, PRINCETON UNIVERSITY, PRINCETON, N.J.

Mr. Lewis. Thank you very much, Mr, Adair.

Mr. Chairman, members of the committee, ladies and gentlemen:

. I am going to confine myself to the Indian case for one thing because
I know move about it, another reason being that this one country,
which, as you know, aceounts for more than a third of all of the peo-
ple in the developing countries with which we do now have contact,
leaving aside, of course, the enormous ope that you mentioned in your
question, Mx. Chairman, is intrinsically very important,

THE CASE OF INDIA

I find that Dr. Mosher’s very, very good paper is a very good gen-
eral analysis of the Indisn case.

It certainly is true for India, as Bill Gaud has s2id, that the break-
through in food prains production in the past 3 or 4 years, deserves
the label of a revolution. It is not only the most hopefnl thing that has
happened, I think, in the Indian economy since they began their con-
certed development effort back at the start of the 1950’s, but I think
the most important thing,

I think that it is responsible, although I shall be trying to sarround
this with some caveats as I go along, and although I am very, very
mindful of Secretary Hardin’s warnings against forecasts—I am an
old and battered forecaster myself--I think it is as responsible as one
can be in these things to say that what has happened in India, Indian
agriculture, seems to have turned the growth trend.

Of course, you know the trend is a very slippery thing in agri-
culture because of the weather. I also would underscore the caveats
about bad monsoons that have been registered by others this morning.

I think you can say that the trend has been shifted from a growth
of about 2% percent annually in agricultural production from 1950
to 1965 to something in the neighborhood of & percent a year, and
that this will continue for a while.

I may say a little bit more later abont this matter of duration.

A PROFOUND CHANGE IN INDIAN DEVELOPAENT

If this is so, this is really a profound change in the whole texture
and hopefulness of the Indian development situation, because it
means, of course, in the first place, that the total growth of the econ-
omy can be raised appreciably. I think it means that it is now physically
feasible, administratively feasible, for the per capita growth for the
economy as & whole to go up to something like 8 percent annually. It
means that food grains production, which had in the past just barely
lept pace with the growth in population and, with rising demand,
had resulted in a widening gap between demand and supply, now
can rise for & while significantly faster than population growth and
overtake demand.,

As I read through Dr, Mosher’s paper, in its early portion whers
it touches on, really, the subject ofp e preceding session, referring

to matters of causation and explanation for what has happened,

88=-612—T70~—~—5
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1 vwas moved to want to amplify the paper a little bit as I thought
of the India case, I was further moved to do so in, I hope, not a too
parochial way by Congressman Findley’s question. But I think that
this subject has really been very well dealt with by the discussion as a
“whole.

1 would just emphasize that in the Indian case—although the new
varieties certainly are absolutely an essential element in the new tech-
nology, and although the new technology is an absolutely indispensable
mgredient in what has happened (you really have to have something
to peddle before you can get much reSponSegy-—lt 18 also true that this
Green Revolution is an enormously complex phenomenon with a
great many variables there. Along with the technology you do have
to have the inputs. There does have to be fertilizer or the seeds don't
work. There has to be water. And there also has to be some motiva-
tion. and organization in the process.

INDIAN SELPF-HELP EFFORT

As Dr. Mosher’s paper indicates, this has taken a form, and it has
taken the form in India, of an increased accent on incentives. The
reliability of prices for giving rewarding returns to farmers has been
established. T emphasize also that in the Indian case, while those of
us who were Involved as kibitzers snd aiders and abetters did play
some role, this was very much an India show. Going back to times
when it looked as if the fruitfulness of efforts to build an infrastruc-
ture of extension and so on was somewhat in doubt, there has been
a long and quite sustained, fairly serious effort on the part of the
Government of India to do something ahout agricultures.

Laterally, the change of course that has been achieved in the past
5 years involved a quite self-conscious, quite deliberate and almost
dateable change of policy.

That would be my third point in talking about what hashappened-—
that not only has the change been complex, and not only has it been
in considerable part an Inchan effort, but, in addition to the technical
slde of things, if has been very much a policy phenomenon—the result
of deliberately taken policy decisions. There were a set of policies
adopted by the Indians in the years 1964 through 1966, particularly,
that were instrumental to what has since happened.

Finally, in this introductory portion of my remarks, T would say
that in assessing the influence of outsiders, one must also take con-
siderable account, as has already been suggested generally, of the
efforts that the U.S5. Government and other aiding parties like the
World Bank have made toward constructively influencing Indian
policies through their provision of “big ticket” aid—through the
mmanner in which program assistance and in which Public Tasw 480
was given, particularly beginning about the middle 1960°s,

PROBIEM OF “BOTTLENECE FACTORSS

. With respect to Dr. Mosher’s paper, let me also say = word about
his second set of points, about the effects of the Green Revolution that
Teveal deficiencies—in other words, about the point that, as you geb
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something going that seems to pivot around seeds, fertilizer, assured
water, and incenbives, and as agrieulture becomes profitable and
starts moving, you run into a whole ot of lagging bottleneclt factors
that have to be dealt with in a reasonsbly timely way if things are not
to be derailed. I thoroughly agree witi this as it applies fo India,
There are many such bhottlenecks, many such lagging areas.

I put a little bit different gloss on it, however. Here Dr. Carroll has
anticipated me by referring to Professor Hirschman. He, I think,
taught many of us to realize that this is the way you expect suceess-
ful development to happen. When it succeeds, you get a thrust, oue
sector moves ahead; and it begins to create effective pulls on the lag-
gards. It begins to make it possible to break down these bottlenecks.

BREAKING DOWXN BOTTLENECKS

What I regard as the most encouraging thing, really, about the
Green Revolution in India is that these effective pulls indeed are being
generated quite conspicuously, and already with a great many results.

Mr. Dennison, who is gomg to be heard from this afternoon, is
associated with the foreign company that pioneered in Indian fertilizer
investments, an American company. It had a pretty rough road to go.
The road of subsequent companies has not been easy. But fertilizer
production, though it is not coming up as fast as many ot us would
like to see, is incdeed coming up very, very rapidly by any sort of
absolute standard. . ’

Agricultural credit is indeed being supplied in much more effective
and much more extensive scales.

I have been very pleased at the movement on the water front. Water
has been very effectively developed by the private sector through
private tube wells, in recent years going in at a great rate, and, more-
over, the Government of India is becoming much more focused, I think,
in its efforts to develop a geueral water strategy. I think there is some
pull already on the potential bottleneck of rural roads, although not
nearly enough.

The pulls are being generated, and the, perhaps underlying, con-
sideration is that the suceess of the Green Revolution is conspicuously
enongh and widely enough realized so that agriciilture has indeed be-
come the top priority subject in the country politically. 'There has
been a farm bloc formed. We may say this is not entirely for the
good, but the fact is that Indian farmers have discovered that they
know what they want and through at least regional kinds of or-
ganizations they have learned that they can lean on administrators
and politicians and get some results. They became quite specific and
quite competent, I think, as a pressure group.

In saying this kind of thing I always feel very, very nmeasy, be-
cause I couldn’t agres more passionately, really, with the notion that
the Jast thing that this situation needs is complacency, These are all
beginnings. They could very well be derailed.

They could be derailed by a change of heart on the part of the In-
dians, though, as I say, I think the political current now is moving
in the right direction.” The process certainly could be derailed by
fumobles that could be made %rom outside. If the fertilizer im heavy
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fertilizer imports still required were not fundable, then this could
certainly block matters,

But X think that the process that is underway, taken together with
the fact that the Green Revolution indeed has a long way to spread
yet, and taken together with the fact that there is a good deal of mo-
mentum in India in the development and improvement of technol-
ogy warrants some confidence about the staying power of the Green
Revolution. Again I agree emphatically about applied research, but
perhaps in this country more than some others that we are considering
there has beea an establishment of applied research activities that are
more abundantly, although not sufficiently, funded. And, partly
through the help of outsiders, they are better focused in their efforts
than was the ease soine time ago.

ATl of this makes me think that there is here a potential for momen-
tum for some years to come in the 1970%,

SOCIAL STRESSES AND INEQUITIES

Let me turn quickly to this matter of the impact of all of this on
social stresses and inequities. I am going to try to confine myself to
very limited comments, and this is very hard because I am in the midst
of trying to write a book which deals in part with this subject, and it is
the worst time to ask & fellow to summarize his thinking i 5 minutes.
But T will try only to make three points.

The first is that the last thing anybody concerned with social inequi-
ties and political stresses in India should do in the confext of the
Green Revolution is to ease up-on the agrieultural push, itself.

This is the thing that is providing the new growth dynamic to the
Indian economny, and the only effective way of contending with-social
inecﬁlt.les_m an economy this poor in general.

The main problem og inequity in India has been accumulating for a
long time, at least since the beginning of the development effort, and
that is simply that there are enormous numbers of leftover people who
have not had a chance to participate in the development process, be-
cause 1t hasn’t been going fast enough to provide them with tools, jobs,
or real increases in incomes.

The chances of doing something about that are enormously better in
the context of 3 percent per capital growth than in 1 percent per
capital growth. .

o I thoroughly agree with Dr, Mosher’s paper as-it applies to India
on this count. e

INDIA : FESTERING PROBLEM OF ECONOMIC INJFUSTICE

In thesecond place, however, T do conclude that in India there is a
Testering, potentially explosive problem of economic injustice, and it is
indeed being, in a certain sense, aggravated by the Green Revolution,
itself. Much. of this, as I just suggested, is a cumulative problem, built
up out of Insufficient gains in the past, and the patience of the system
in any case would be tending to wear thin.

Some of the old tranquilizers, the Nehru image, the glamor of the
independence movement have, of course, progressiveﬁy worn off.
But in addition, as Dr. Mosher points out, the Green Revolution does
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bring a sharper confrontation of progress and despair in the country-
side, itself. )

In the past, the countryside was sort of uniformly backward and you
only got the spinoff of this problem. as people migrated to the cities.

Now you do have really successful, profitable agriculture going on
side by side with some very disadvantaged people. o ]

I want to try and make this point carefully, becanse it is a tricky one,
and because by no means are all of the returns on it in. I am pleased to-
report to you that there has been a lot of analysis and thinkaing going
on about this problem in India, particularly in Delhi, as far as L
kmow—in the Government of India, in private groups, and in the A1D
mission now for perhaps 18 or 24 months. ,

GREEN REVOLUTION EFFECTS ON FARM CLASSES

My own tentative conclusions are that-the technology of the Green
Revolution is not particularly skewed against the little farmer, 18 not
particularly skewed, let us say, in favor of the big farmer, though he
has earlier access to information about if, and does have greater access
to eapital, including borrowed capital.

It does extend to what we would think of as a very small farmer, let
us say with irrigated land about 2 acres, running up to 15 or 20 acres,
this chap at the moment is prospering as he takes up the new varieties.
He has overextended in terms of his credit position. He is catchmg on
a little bit later on. Thus he would be particularly vulneraple to 2
breakdosn in incentive prices. But he is probably going to make it In
good style, and he identifies pretty much with the larger farmer.

The people who are disadvantaged are, first, the dryland farmers.
There is 2 much bigger difference between the dry and wetland farmer
than between big and little. The Green Revolution has not extended
very much to the majority of farmers, who are dryland farmers.

Second, what I call the minifarmers, these people that have such
small holdings that after they take care of their own subsistence they
are simply not at the scale where they can buy the inputs even if they
know about them. I don’t know exactly what the cut-off is. I suppose
with irrigated land it may be less than an acre. With, dry land 1t is
considerably more. These people, however, are destined o be left
behind by this kind of agriculture.

Thiird, the tenants. The tenants, I think, may become a diminishing
breed as they get squeezed out gradually by landlords reclaiming their
holdings because agriculture has become profitable. The tenants, there-
fore, will join the final group, wlrich isthe largest and the most serious
in its plight, and those are the agricultural laborers.

EFFECTS ON IMPLOXAMENT

This brings to the matter of employment, the employment effects of,
the Green Revolution. It is perfectly true, or seems to be perfectly true,
that the early effects have been to increase employment. This 15 because
production hes gone u}ijso very fast that although output per worker
has been rising with the new technology, total production has been
rising enough to increase the total use of labor.

This has been particularly, I think, because of double and triple
cropping, as you extend irrigation, particularly, with tube wells.
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In the longer run, my own unhappy conclusion is that the agrieul-
-tural Iabor market is going to be very soft because of the natural mn-
-crease in supply, the additional flows, as I suggested, of the minifarm-
ers and the dispossessed tenants, peeple reclaiming thelr land, and be-
-canse there will be some continuing mechanization. )

T sympathize a Iot with the things that have been said against mech-
anization here, but, you know, one of the great policy changes, styles,
that the Indians have made in the process of achleving this change has
been a greater disposition to leave things to the market to organize,
and to recognize the importance of incentives, the need for agriculture
to-be o profitable industry. _

Therefore, i, seems to me- that they are likly to be rather reluctant
to attempt, and they also may think it is not pelitically or adminis-
tratively feasible, to interpose much in the way of controls or prohibi-
tions on mechanization.

T would hope, myself, that they will use some graduated taxes, ex-
cise taxes, on particularly labor displacing mechanization, but I think
that mechanization will probably be used where there are bottlenecks
in the labor supply, particularly at harvest time, and, therefore, that
the outlook for t%e labor market is a soft market. ]

Indisn farmers are not going to prove to be any more philanthropie
as wage bargainers than any farmers anywhere in the world.

This leaves you with the prospect of considerable stress—a sort of
populist protest—pressure, in the countryside for the decade coming
that is rather alarming.

A PUBLIC WORES CGONSTRUCEION FROGRADM

My final point is that, in a sense, what to do about this is perfectly
well Imown. It has been written about and talked about for a long
time.

There are, to ba sure, some other things you can do. Organized indus-
try is not going to provide a great part of the increazed employment.
I {.:we great sympathy with the growth center proposition that Dr.
Carroll has mentioned. But the increments and direct, employment
you cgn get from that are somewhat limited, I think. I don’ think
that you can prohibit mechanization completely.

The answer is a very, very ambiguous construction program thot
happily can be for things that are enormously needed, that have very
high benefit-cost ratios and that have been accumulating for a long
time—all kinds of construction of farm to market roads, of ditches,
draing, of the infrastructure for these decentralized growth centers
that Dr. Carroll mentioned, of urban redevelopment hecause the peo-"
ple in the cities are already there and have-an urgent need for services.

There are almost endless; high payoff things that can be done with
a labor intensive public comstruction program. The Green Revolu-
tion creates, in one sense, an enormous opportunity to do this because
the thing that has blocked it in the past has'primarily been food short-
age. With food in short supply, when you begin to increase employ-
ment and incomes you get skyrocketing food prices. This is the last
thing that you can stand politically in Tndia. :

Now with food becoming increasingly abundant, you have the food
resources to, 1f you will, finance thig kind of thing.

But there is just one big eatch, one big hangup. That is that even
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though this is labor intensive, you are going indirectly to generate
congiderably increased Tequirements for 1mports, for other kinds of
consumption, and for the investment goods to service the increased
consumption needs of the increased employment generating increased
incomes. - -

You are back to the question then of what is the limit, really, of
the foreign exchange avallability that this country can plan for.

On that question, I don’t claim to be able to forecast at all. Mr.
Chairman, I will be happy to turn it back to the committee.

NEED FOR FOREIGN EXCHANGE -

. I would say in conclusion that if this-analysis is right, I don’t want

you to feel that the Green Revolution 'in India simply means that .
you eliminate the need for Public Law 480 assistance, which in a cer-
tain sense is politically easier to get, and replace it with a-need £or-more
dollar assistancs, which is harder to get.

The latter is a limited need in terms of time, and it means that you
are talking about a wholly different order of possible-success.

But there is this foreign exchange bottleneck that, it seems to me,
casts a threatening cloud over the basic answer to what seems to me
to be the somewhat ominous byproduct effects of the Green Revolu-
tion, excellent as that is. :

Thank you.

Mr. Aparr. Thank you, Dr. Lewis!

INTRODUCIION OF Dii. MELLOR

QOur final panelist at this session is John W, Mellor, professor of
agricultural economies at Cornell and a specialist in the role of agricul-
ture in. economic development.

A graduate of Cornell, Dr. Mellor has taught there since 1952 and
became a full professor in 1961, Ele.has been an. associate director and
director of the Center for International Studies at the university, and
speut 1963 and 1964 at the Indian Agricultural Resources Institute,
New Delhi, as a visiting professor. -

STATEMENT OF JOHN W, MELLOR, PROFTESSOR OF AGRICULTURAL
ECONOMICS, CORNELI, UNIVERSITY, ITHACA, N.Y.

Mr. Merror. The new high yielding varieties of grein and the related
Institutional developments have substantially increased the rate of
growth of agricultural production. This means of economic growth has
particularly desirable equity effects, since it inereases the supplies of
those commeodities which are most important in the consumption pat-
terns of the lower income persons in society. However, the benefits to
lower income persons may be lost without appropriate public policy.

Very few persons or groups are absolutely worse off as a direct resuit
of widespread application of the high yielding varieties of greins.
There is, however, a substantial widening of disparities in income—
many of the already well-off having larger abselute and percentage
increases in their real incomes than the lowest income groups. In addi-
tion, indirect price and employment factors may result mm actual reduc-
tion in incomes for a few regions and groups.
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“There are two basic concerns with respect to the new high yielding
varieties of grains. First, and most important, how to maintain the
accelerated rate of production growth with its requirement of a steady
stream of new research results and rapid acceptance and broad diffu-
sion of those results. Second, how to minimize the widening of income
disparities both among socioeconomic groups within regions and
among regions. T discuss below six areas within which policy can act
to narrow income disparities and at the same time foster the produe-
tion increases associated with the high yielding variety programs.

INCREASING EMPLOYMENT

1. Increasing employment: The most disadvantaged group in most
low-income countries 1s the landless labor class. The means of their
improvement is expanded employment. Accelerated growth in food
supplies associated with high yielding varieties makes it possible to
follow policies for expanding employment. ,

Ficst, there can be more emphasis on rural public works programs,
such as roads, schools, power distribution lines, and irrigation and land
improvements. These programs become possible becaunse of the en-
larged food supplies for absorbing the increased purchasing power
which goes with the greater employment. The returns fo these works
becomes greater because of the higher degree of commercialization of
farming associated with the high vielding variety programs. Likewise,
expanding demand for foods through such employment programs is
the most useful and effective means of supporting prices for an ex-
panded food supply. Similarly, concessionary imports of food through
Public Law 480 can continus a usefu] role even without the context of
rapidly rising production if demand is expanded commensurably with
the supply, ?hrough employment programs.

Second, the structure of the industrial sector of the economy can be
shifted toward consumer goods industries which provide more em-
ployment with the given limited stocks of capital. This, again, is
possible becaugse the food is there to take care of the increased pur-
chasing power accompanying expanded enaployment and because the
higher imcomes of farmers greatly expand the demand for such
products. )

INCREASING FARM PRODUCTION

2. Increasing the intensity of agricultural production: One of the
most suitable ways for increasing employment in agriculture is
through increased intensity of production. The new high yielding
varieties themselves increase intensity directly by reguniring more in-
%lﬁts, includinf labor, in the production of a greatly increased output.

hey also lend themselves, throngh their potential for shorfer growing
periods, to more double and triple cropping.

More jmportant, the increased income associated with the high yield-
ing varieties greatly expands the demand for livestock commodities,
such as milk, and fruits and vegetables, all of which provide greater
farm employment per acre of land. Increasingly, we can think of agri-
culture as much more than a producer of cflories for sustaining the
bare minimnm of human life.
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A number of policies are needed to encourage the increased intensity
of farming wvhich the high yielding varieties facilitate. Many of the
more appropriate commeodities are perishable and provide complex
marketing problems. There is a need for research on how to increase
the yields end improve the production practices for such commodities.
The quantity of purchased inputs required for intensive farming is
large and requires larger n.ndp more complex eredit programs. Pro-
grams fo ald the small Tarmer must be based on economic analysis of
these problems and potentials.

BROADENING BASE OF LAND (ZWNERSHIF

8. Broadening the base of land ownership: Particularly where the
new high yielding varieties of erops have been applied during periods
of relatively high agricultural prices, there has been 2 tendency for
increased concentration in the ownership and operation of land. There
has been purchase of land by those with already relatively large
holdings and tendency for owners of land to resume cultivation and
to dispﬁa,ce tenants, These actions widen income disparities. More im-
portant, with land in larger holdings the amount of hired labor needed,
to farm with intensive cropping systems becomes very large. In farm-
ing, large labor forces are almost always expensive, because of diffi-
cult management problems, no matter how little the labor is paid
directly. Thus, once one gets relatively large farms one faces the
dilemma of either not intensifylng produetion and therefore having
& slower rate of growth of production or introducing mechanization
which may cause a net displacerent of labor. With very small farms,
as In Japan and Taiwan, extremely high levels of cropping intensity,
crop yields, and rate of growth of production and incomes were
achieved prior to much mechanization. Thus, particularly in the face
of the new technological possibilities in agriculture a broader base of
land ownership may be necessary to prevent premature mechaniza-
tion and consequent increased income disparities.

FRICE TOLICY

4. Price policy: The new high yielding varieties of erops result in
greater production and substantially reduced per unit cost of produc-
tion. Sharply expanded production of the basic grain crops will nat-
urally bring about a reduction in their prices. Such price reductions
will facilitate the development of nonfarm employment opportunities
and the transfer of farm resources to types of commodities such as
livestock products, fruils and vegetables which provide increased
employment and for which deman% is highly elastic. Success in pre-
venting such price declines in effect transfers income from the poorer
urban and rural elasses to the wealthier rural classes.

Price stabllization programs which prevent sharp fluctuations in
prices may facilitate further production increase. Such programs
need nob provide higher average prices. However, increasingly well
organized commercial farm groups may succeed in using a price
stabbilization mechanism to obtain income transfers to themselves.
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AVATLABILITY OF PURCHASED INPUIS -

5. Ready aveilability of purchased inputs:- The high yielding
varieties are improvements over old varieties primaxrily because they
are muel more responsive to high rates of utilization of inputs sueh as
fertilizer. If the inputs are not available, the benefits are not received.
In a situation of searcity, cultivators with small holdings and with
consequently less economie, political, and social power are least likely
to obtain the mputs. This is likely to prevail even if there are special
programs for small farmers. Under such circumstances the high yield-
Ing varieties can lead to further unnecessary widening of income
disparities. :

Both from the point of view of accelerating cverall rates of produc-
tion.growth and from the point of view of helping the small-cultivafor
the most useful means of dealing with this problem is by making in-
puts abundantly available. With an easy supply situation small eulti-
vators will normally obtain ample supplies. Even in the case of
lumpy capital investments, as for private, electrically driven wells and
in some cases tractor services, the small cultivator will be betfer served
by an abundant supply of these capital items and consequent contract
hiring of services to those with small holdings.

INTRASTRUCIURE INVESTMENT IN BACKWARD REGIONS

6. Infrastructure investment in backward regions: Regiomal dis-
parities in income are likely to be widened by the new high-yielding
varieties. This is because these varieties tend to respond most vigor-
ously under the alveady most favorable natural conditions and where
past investments in infrastrueture have been most substantial. Thus
regional income disparities tend to be cumulative as the already pros-
perous areas obtain a better response from the high-yielding varities
which in turn gives the higher incomes and the larger tax base for
financing more infrastructure investment in those same areas. Both
for maintaining rapid growth rates and for minimizing regional dis-
parities in income it is desirable to make capital investments in re-
search facilities, edncation, transportation, irrigation, power; admin-
istrative structures and so forth, in those regions which are currently
backward but in which such investment will pay off in the long run.
Careful study is of course needed to avoid such investment in situa-
tions without long-term potential.

Mr. Zagrockr. I am sure yon would all agree that the presentations
heard and the discussions in our first session were very fine.

S0, t00, in. the second session, Dr. Mosher and his panelists, Dr. Car-
roll, Dr. Lewis, and Dr. Mellor, deserve a hand of applause-and-appre-
ciation. [Applause.] .. -.---- ot

The questions to the second session will be asked in the afternoon,
when we hopefully will resume the symposium at 2 o’clock.

‘Without objection from any of the members of the committee, T
would like to invite the questions to the second panel from the chserv-
ers, the audience, first.

That will reverse the order, so to speak. Members of Congress cam:
ask their questions later, if they have questions,
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T Jmow there are many of you who have questions. Undoubtedly,
many of you will present gour statements and writings by December 19,
so that they may be included in the symposium record.

The symposium will now recess until 2 o’clock.

(Whereupon, at 1 p.m., the subcommittee recessed, to reconvene af
2 p.m. the same day.) '
AFTER RECESS

(The subcommittee reconvened ab 2 p.o., Hon. Clement J. Zablocki
{chairman of the subcommittee) presulin%'{) . )

Mr. Zaprockr. We are ready to resume the symposium hearing. As
has been announced earlier we will invite questions from the observers
and then from the panelists or Members of Congress.

Y would like to announce that after about approximately a half hour
question period devoted to session No. 2, the third session will begin
approximately ot 2:30 or 2:45 p.m.

At the conclusion of the third session, there will be a showing of a_
prize-winning film, “A. Future for Ram” depicting effects of the
Green Revolution on a single family in India.

The length of the color film is approximately 25 minutes. Those who
have seen it or those wvho have other commitments need not stay for
the film. But we do hope those who are able to would remain after the
%Oﬁflusion of the third session fo see this very effective and inspiring

Now we will welcome and invite questions from observers, if any, to
Dr, Mosher and the panelists, Dr. Thomas F. Carroll; and Dr. John
F. Lewis, and Dr. J. o}g.m W. Mellor, or if there any questions to anyone
at the dais,we will entertain the questions from the fioor.

Does anyone have a question, please?

FROBLEMS OF AGRICULTURAL CHEMICALS

Mr. Laxnseere. My name is Hans Landsberg, from Resomrces for
the Future. I am wondering, T don’t know who to address this to on
the panel, but is there any possibility that there is rising concern over
the adverse effects on the environment of agricultural chemicals of -
all kignds, particularly the oneg that transecend into national bound-
aries¢

In the perhaps immediate but in the more distant future—I don’t
mean 10 years, but 3 or 4 years, there is present a threat or interfer-
ence of the Green Revolution in the developing countries. T am ask-
ing this question, because I see a great rising emotional wave here that
could easily spill over from what 18 going on in this country to other
countries, and yet in any other country the cost-benefit relationship
might be quite different. )

The lay of the land might be guite different. The kind of chemicals
might be different. But I don’t find then it is impossible to envision
some new difficulties here. T am wondering whether anybody on the
panel has some assessment of this.

Mr. Zaprocrr. Dr. Myers?

Mr. Mrzrs. There is no doubt that there has been a great wave, as
you suggest, of concern about what the persistent pesticides are doing
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to the environment. There is also no doubt in my mind that this is a
legitimate concern. Yet, we have to balance this concern against the
good that comes from use of pesticides. .

There is no viable alternative now to chemical pesticides for the

control of many, I think one could say most, of the important pests of
man and his erops and his domestic animals. Chemical pesticides will
almost certainly have to eontinue to be used, if we are to sustain the
advances in sgriculture we already have, and to continue to expand
production.
. As we increase the intensity of production and cropping, using of
Improved varieties wirich occupy large areas of land, add fertilizers-to-.
get more vigorous growth, and so forth, we tend to accentuate the dam-
age that can be done by pests.

S0y as I say, T see no alternative but to continue to use the chemical
pesticides. Hopefully, over the next few years, we will be developing:-
Tairly rapidly more highly specific pesticides with a. more rapid or at
least more nearly controllable degradability so that the adverse effects
on the environment ¢can be reduced.

Personally, X do not foreses the likelihood of extensive banning of
the use of the chemical pesticides, even the persistent ones, either in
the United States or abroad, until alternative pest control methods are
ayailable.

T believe that the efforts to-ban use of DDT in certain areas would
ot have succeeded had there not been viable alternatives in terms of -
less persistent insecticides to control the same insects that DDT was.
‘being used to control.

Tt is a threat to the Green Revolution—this concern about the
pesticides and it is a legitimate comcern. I frankly canuot believe,,
however, that we will reduce millions and millions of people into star-
wation by the banning of the use of pesticides.

Mr. Zsprocks. Yes, Madam.

PRICE AND INCOME UNCERTAINTY

Dr. Nersow. My name is Louise Nelson, Davidson College. I would
like to ask Dr. Hardin if he would expand or elaborate a little on a
point he made this morning with respect to diminishing price uncer-
tainty, income uncertainty.

Dr. Hanorn. The techniques thet have been used have been largely
price supports at a minimal level, while at the same time, working aft
the factor product price relationships. Tt is not the absolute price that
we are so much concerned about as it is the spread.

As Dr. Mellor and others have pointed out, you are in real danger
when you start subsidizing inputs, Artificial rather than enduring
incentives may be-established. But I for one believe that then it malkes
more sense to go that route than it does to establish unreasonably high
levels of product price supports.

If we move to improve the technology of factor production and dis-
tribution, we have an opportunity to reduce the real cost of the pur-
chased inputs over time. By gradually removing the subsidies as réal
costs, fall due to the Improved technology, farmers pay, more and
more of the total cost, the subsidy drops out, and ideally the factor
price does not rise.
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Factor-product price relationships are of critical importance. This
past month, for example, at the farm level about 8 pounds of corn
were required to buy 1 pound of nitrogen in Argentmma. Similar re-
iztionships existed in the interior of Brazil.

In contrast, U.S. Corn Belt farmers last year bought a pound of
nitrogen with about 214 pounds of corn.

Some nations are in difficulty because they supported wheat or rice
at too high a'price. But as a trade-off, they got t]geir produetion pro-
grams moving. .

May I add one other point. Generally speaking, the weather un-
certainly is somewhat reduced as we move into and use more advanced
technology.

So we're working on uncertainty from the biologicel as well as
from the economic viewpoint.

EFFORT IN LATIN AMERICA

Mr. Tyrzr. T am Curt Tyler of International Basic Econemy Corp.,
and I would like to ask a question of Dr. Mosher on the idea that
a system one could call modern agriculture could be an integrated
answer, and speaking just to Latin America for the moment, giving
consideration to the participation already existing and the proven
benefits that the :Eounda.tionsgla.ve brought and that ATD has brought,
concern of our own Fovernment expressed hers today, the reference
earlier to FAQ. T am sure curious as to what role perhaps the OAS
or the governments of our neighbors to the south of us should be
playing or are playing in the deliberations that are indicated today
and perhaps the policymaking whieh will come out of this commit-
tee’s concern. -

Dr. Mosmer. I think perhaps Lowell Hardin could answer this
more directly about Latin America, but I might make two comments
about agricultural development being a “systems” problem :

Today, in this meeting, the theme is the Green Revolution, because
within the past 4 years 1t has been this biological breakthrough that
has resulted in considerable production imcreases in particular parts
of the world.

If this conference had been held 4 years ago, my guess is that we
might have talked about transportation and agricultural development,
because just, before that the Friendship Highway in Thailand had re-
sulted in an enormous increase in maize production in northeast
Thailand. . )

At that time, as a matter of fact, there were many people who were
saying, “See, look what happens if you really put in transportation.”

If the conference had been held 80 years ago, my guess is that the
theme of the conference might have been “irrigation” because just
prior to that time there had been considerable parts of the world where
_there had been an enormous inerease in agricultural production follow-
ing the introduction of irrigation systems,

In o sense there is a tendency to give the eredit for a breakthrough
to the last essential clement o be added. And it you look, for example,
at the places in the world, where within the last 4 years the Green
Revolution has made extensive and even extraordinary progress, they
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are those parts of the world and those parts’of individusl countries
where prior to that #ime the other essentials of agricultural develop-
ment were already in place.

Now when we talk, as we do this moming, sbout some of the
things that still have to be done, like gettitg irrigation where we-don’
now have it, or getting inputs where we don’t have them, we are
really asking ourselves: What in particular parts of the world are the
missing elements at the present time?

WHAT CAN BE DONE BY THE UNITED BTATES

This leads to the second comment I would make on your guestion.

It does seem to me that with respect to what could he done throu%h
-ALD, in the U.S. bilateral program, we should take advantage of the
“fact that we are now pretty well aware of what the elements of this
-system are.

It would seem to me that AXD should now have at least one knowl-
~edgeable adviser in each country who is well schooled in what the
-elements of creating a modern agriculture are and who can help
“individual governments analyze the problem in different parts of their
own countries, to see just what elements of the system need to be
added now. |

THE GREEN REVOLUTION AND POPULATION

My. Traror, I am Mr. William J. Trainor of the State Department
and T just wondered In some of the areas where the Green Revolu-
tion 1s taking place what is the prognosis of the group as to the effects
of the revolution on population Increases?

Dr. Mosmer. I think there is not mmch question but that the imme-
diate impact of the Green Revolution, so far as population is con-
cerned, is to decrease infant mortality and the mortality of mothers,
thereby increasing the rate of population growth in the very shortest
Tun. .

But so far as I can see, the factors that really have to get to the
forefront of people’s attention before they begin to take the popula-
tion problem seriously, is a different set of factors from those associ-
ated with the Green Revolution.

REDUCING INFANT DEATH RATES

Mr. Zaerocrr Dr. Myers?

Mr. Myers. May I add some comments to this?

I think what Dr. Mosher has said is abselutely right. As one im-
proves food supplies and the guality of food, that is, improve nutri-
tion, one reduces the infant death rate, . - - - )

An interesting aspeet of this from the population standpoint is that,
in the opinion of many population specialists, this is the first step
through which we have to go in order to generate interest in indige-"
nous populations in birth controel and population control. If they are
assured that'more children will live to maturity, people are willing to
Teduce the total number of children with which they start. The urge
to have surviving children is strong and there is little incentive to-
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Iimit the number of births until the frequency of infant deaths can
be reduced. - )
. A second aspect of the Green Revolution that seems to me to be
hopeful with respect to population control is that as the economical
welfare of people improves, generally speaking, their concern about
overpepulation increases. They become more concerned about provid-
ing economic opportunities to their children and, therefore, are more
interested-in limiting family size. ] o

T would suggest, therefore, that the Green Revolution will, in the
little Bit beyond the near term, have a very beneficial effect on efforts
to stabilize population numbers. .

Mr. Zanrockr. It is my understanding one of the panelists of the
third session has some views on this? :

Mr. Paddock.

THE QUESTION OF POPULATYON

Mr, Pavpock. I believe this question of population 1s an extremely
important one, and I am really surprised it has not come up hefore
now. If it were not for the growth in the world’s population, we
would not be discussing the (Freen Revolution.

T think it is perfectly obvious that if you provide these countries
with more food, there will be more people. There is no alternative
since wa are not able to limit births. I am concerned over the conse-
quences of increasing the food supply when we have no way, really,
10 stop the population explosion, The dismal theory of Malthus, in a
way, says that if there is not any limit to the population growth ex-
cept starvation and pestilence, then no matter how favorable the en-
vironment or technology, the end result will be misery and starvation.

Kenneth Boulding has come along with a worse éorollary, his
utterly dismal theorem that says if the only check on population is
starvation and misery and you introduce another improvement in
technology which increases the food supply, then the ultimate effect
is to increase the amount of misery becaunse you increase the total
number of people.

TI{E CASE OF IRELAND

A good example is Ireland. The Irish population in the 17th century
had more or less come into balance with the land. There were 2 mil-
lion Irvishmen there, living in misery. Then along came a Green
Revolution with the introduction of the Irish potato from this hem-
isphere. Because of the potato, output per acre grew spectaculazly, as
did the number of Irishmen in response. .

The population grew to 8 million people by 1835. Then a new
disease arrived in Ireland, the potato blight, which caused o series
of crop losses.

Two million Irishmen died; 2 million Irishmen mmmigrated to the
United States; leaving 4 millien Irishmen living in ¥reland in a degree
of misery and poverty as severe as in the 17th century ; that is, before
the whole thing started.

The thought that by increasing incomes, you limit birth by in-
crea.singIthe desire of people to limt their ﬁopulation is an interesting
theory. It may be true. There are no facts, however, to back it up.
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T am personally concerned about undertaking programs which are
virtually certain to result in an increase in population when man-
kind really has no way at the present time of limiting his population
" growth.

ALMOST SINFUL NOT TO TUSE ENOWLEDGE

My, Zasrockr, Dr. Hardin? ]

Mr. Harpiw, If I might comment on the question Mr. Tyler raised
a, moment ago with respect to Latin America and relate it to what
Dr. Paddoclk has just said, I would argue that we should stress the
quality of food, protein nutrition of people related to the qualify of
human beings. o

Tn Latin America frequently the concern is that excess supplies will
drive down prices at the farm level. This would create greater prob-
lems than now exist. Witness Brazil’s experience with coffee. In this
situation, might it be +wise to push programs which improve the bio-
logical quality of foodstuffs? {'m thinking especially of the genetic
manipulation of basic food crops. Mr. Freeman stressed the point this
morning. But one has only to look at what happens when scientific
knowledge is applied to improving the diets of preschool-age children.
and attendant influence on mental health and longevity. -

If we sit here, if we do not help apply that science which is now
available, we are knowingly contributing to poor mental and physi-
cal health of a generation. It s almost sinful, it seems to me, for
society to permit widespread protein malnutrition in this the last
quarter of the 20th century. )

I.do not know, Dr. Paddock, whether or not adequately nourished
people who have better ability to think and act will then rationally
limit family size, but I would like to see this theorerm tested.

Mr. Zasrooxr. The Chair will now entertain guestions from the
members of the committee.

Mr. FineLey. Nob at this point, Mr. Chairman, thank you.

NEED REVISION IN AID PROGRAXM

Mr. Zasrocki, Dr. Mosher, on page 19 of your statement, you sug-
gest, “our ATD policies need to be revised in the light of changed
circumstances.” .

Could you be more specific what chs ties are needed and why?

Mr, Mosazr. In the first place, when the question was asked earlier
whether ATD should be conducting research of the type in which the
Rockefeller and Ford Foundations have pioneered, I was reminded
of my conviction that AXD and its predecessor agencies should never
have been criticized for what they did or did not-do because they have
never had .4 mandate that could allow them to do what they need
to -do: -

I think the first requirement for a sound bilateral aid program is
that technical assistance and some, but not all, related development
assistance be suofficlently divorced from the political process that it
cen have its own personnel policy, its own program formation, so
that over a perod of yearg it can develop a program that is-profes-
stonally determined on the hasis of the requirements for agricultural
development, and be allowed to pursue these activities year after year.
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ECONOMIC VS8, POLITICAL AID

The second indicated change, it seems to me, is that in some way
there needs to be a dichotomy, organizationally, that distinguishes
economic aid which is definitely aimed at economic development from
that economic aid that is politically motivated for one reason or
another. The second of those types of economic aid is one that is with
us and will continue to be with us. As matters stand now, one of the
difficulties in getting efficient programs consistently related to the
problems of agricultural devolopment is that policies keep changing
from year to year. The countries iIn which AIID is authorized to oper-
ate keep changing, and the proportions in which funds ean be allocated
to different countries keep changing from year to year in response to
shifting political considerations.

In the third place, it seers to me that, whereas, in the recent pest,
the effort has been to put the bilateral assistance whers it could have
the greatest short-term payofl, a change is needed so that some of the
countries that are not yet at & point where that rapid payoff can oceur,
can reach that point. This goes back to the statement T made in my
paper that where the Green Revolution has proceeded most rapidly
has been in parts of the world where & lot of other things have been
done previously.

As for our present problems, tale, for example, the statement that
was made eariier about dryland farming in India: that the Green
Revolution does not touch it.

Well, we are never going to get o quick payoff in dryland farming
in India until after 6, 8, 10, or 12 years-of activities that are essential
in order to get to the point where a substantial impact on aggregate
production is possible.

CONTINUITY OF POLICY, PERSONNEIL

In sumunary, it seems to me that if the ATD agency were in a posi-
tion to have continnity of policy and personnel and attract first-class
people 1t could then take what we now know about the system of agri-
culture, and the various components of development that are essential,
and tailer each country program to its specific needs.

Part of such o program would be the same procedure that has made
the Green Revolution possible in biological research, proceeding with
that on the present crops and to applying it to a lot of other crops.

But part of it, also, would be to work on those factors that are pre-
requiste to the readiness of individual countries and parts of countries
to move ahead rapidly.

Mr. ZarrooxT. Thank you, Dr. Mosher. '

I realize that the time period has expired. However, building on
what you have just stated, what we have heard from others, and with
what we will hear later today in the third session, I am sure we can
take off on another symposium, as to the future of our ATD program.

At this time, I will call upon my colleague with the committee, the
Honorable William S. Broomfield, to introduce the next speaker.

38 -612—70——->F0
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SESSION II1: PLANNING FOR THE FUTURE OF THE
GREEN REVOLUTION

Mr. Broodorreen. Thank you very much, Mr, Chairinan.

Now we have surveyed the past and present effects of the Green
TRevolution, the moment has come to look into the future.

To discuss planning for the future of this agricultural phenomenon
we are pleased to have with us Dr. Lester Brown.

Dr. Brown is a senior fellow with. the Overseas Development Coun-
c¢il of Washington, D.C., and former Administrator of the Interna-
tional Agricwtural Development Service, U.3. Department of
Agrieulture. .

He holds degrees in agriculture, Rutgers University, 1955; eco-
nomics, University of Maryland, 1959; and public admmistration,
Harvard University, 1962. . .

Recognized as 2 leading authority on the world food problem while
still in his late twenties he received the Arthur S. Flemming Award as
one of the 10 outstanding young men in Federal service in 1965 and the
Jaycee Award as one of the 10 outstanding young men of America in
1966.

The author of two books, “Man, Land and Food” and “Increasing
‘World Food Output,”, Dr. Brown entered the Department of Agri-
culture in 1959 where he served as’an international agricultural econ-
omist and Special Assistant to the Secretary of Agriculture on for-
eigm agricwltural policy before being named Administrator of LTADS
in November 1966.

It is & great pleasure for me, Dr. Brown, to introduce you at this
time. .

STATEMENT OF LESTER R. BROWHN, SENIOR FELLOW, OVERSEAS
DEVELOPMENT COUNCIL

Mr. Brown. A few years ago the threat of famine loomed large in
the poor countries, particularly the densely populated ones in Asia.
Today that threat is receding, thanks to the introduction of high-
vielding wheats and rices. This paper is the story of the turnaround on
the food front in the poor countries—the Green Revolution—and its
meaning for man’s afforts to eliminate hunger and poverty, to create
jobs in the countryside, to slow the rush to the cities, and to improve
the quality of life.

I. THE NATURE OF THEE REVOLUTION T

For most reading this paper, the outstanding technological achieve-
ment of this generation was the recent landing on the moon by astro-
nauts Armstrong and Aldrin. But for that majority of mankind suf-
fering from chronic hunger and malnubrition, development of the

1The length of thls paper results from a suggestlon by the commltiee to summarize, for
the record, the more pertinent fndings ‘of a book by the author on the Green Revolution,
Fg_}éﬂed Beeds of Change, this book is to be published by Pragger Publishers i February
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“miracle” wheats and rices is a far more meaningful achievement. For
the 1 billion Asians whose staple food is rice, the “miracle rice” IR-8
is helping to fill literally hundreds of millions of rice bowls, once only
half full. For those for whom hunger is a way of life, technology can
offer no greater reward.

Advances in food production following introduction of the new
seeds are without precedent in any country, rich or poor. In one of
the most spectacular advances in cereal production ever recorded,
Pakistan increased its wheat harvest nearly 60 percent between 1967
and 1969. This brought Palistan, a nation of 130 million people and,
- 2g recently as 1967, the second largest recipient of U.S. food aid,

to the brink of cereal self-sufficiency. Progress for Pakistan is not
limited to wheat, for its record rice harvest in 1968 eliminated its
deficit in rice, bringing it into the world market as a net exporter in
1969.

India’s production of wheat, expanding much faster than the other
-cereals, climbed 50 percent hetween 1965 and 1969. Assumin% political
stability, present estimates indicate that India should be able to feed
her vast and growing population from her own resources by 1972.

Ceylon’s rice crop has increased 34 percent in the past 2 years.
‘The Philippines, with four consecutive record rice harvests, has ended

a half century of dependence or rice imports, becoming o rice exporter.
Among the other Asian countries that are beginning to benefit from
the new seeds are Turkey, Burma, Malaysia, Indonesia, and Vietnam.
Bven such remotely situated Asian countries as Afghanistan, Nepal,
and Laos are using the new seeds.

The new wheats and rices are capable of doubling the yields of their
predecessors, given sufficient water and fevtilizer. Their principal dis-
tingnishing characteristic is their fertilizer responsiveness.” Tradi-
tional varieties of wheat and rice were tall and thin-strawed. When fer-
tilizer use exceeded 40 pounds per acre the tall, thin straw would not
support the heavier yleld of grain and the grain would fall down or
“lodge,” causing heavy losses of grain. The new cereals are short and
:stiff-straswed, making them capable of responding to nitrogen appli-
catlons up to 120 jpounds per acre. The new seeds are also earlier ma-
turing, more adaptable, and more efficient. One pound of nitrogen
-applied to traditional cereals raised yields about 10 pounds; & pound
applied to the new ones yields an additional 15 £o 20 pounds of grain.
The new seeds are also early maturing and more adaptable to variation
in daylength. The dramatic superiority of the new seeds underlies their
rapid spreac. In Asia where they are being adopted most rapidly, the
‘total acreage planted to the new seeds lias grown as follows:

Acres
1064-65 200
196566 - e e ——_——— e 37, 400
1066-67 : e, 800, 000
“1967-68 _— 20, 000, 00O
196869 —— e mem e 34, 000, 000

The agricultural breakthrough has not yet been achieved in 21l poor
-countries, and it -is so far confined to cereals, principally wheat and
rice. But 1t has already arrested the deteriorating food sitwation in
.soms of the most populous countries of Asio—India, Pakistan, Indo-
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nesia, Turkey, and the Philippines. The incidence of hunger is slowly
beginning to decline as food conswmption rises.

The new seeds, of course, do not provide an ultimate solution fo
the food-population problem. The collision between population

rovwth and food production has been averted only temporarily. But
gw new seeds have bought time in which to seek a breakthrough in
contraception comparable to that in. plant breeding.
Engines of progress

The word “revolution” has been greatly abused, but no other term

adequately describes the effects of the new seeds on the poor countries
where they are being used. Rapid increases in cereal production are
but one aspect of the agricultural breakthrough. The technological
breakthrough achieved by agricultural scientists foreshadows wide-
spread changes in.the economic, social, and political orders of the poor
countries. The new seeds are bringing far-reaching changes in every
segment of society. They may be to the agricultural revolution in the
poor countries what the steam engine was to the Industrial Revolu-
tion in Furope.
" Most obviously, the new seeds demand an entirely different set of
husbandry practices. If farmers are to realize the genetic potential of
these seeds, they may need to increase the plant population or to
change the time of planting or the depth of seeding; they must 1rri-
gate more frequently and with more precision ; they must use fertilizer
1n large quantities and weed carefully lest the fertilizer be converted
into weeds instead of grain.

As the mold of agricultural tradition is broken, farmers become
more susceptible to change in other areas. They may become more
interested in education and more receptive to family planning. The
economic and political relationships between farmers and the rest of
the economy begin to change fundamentally.

Technology by the shipload

The new seeds have been supplied to the poor countries on a virtu-
ally costless basis: millions of farmers who are planting them are
reaping huge profits. Countries such as India, Pakistan, and Turkey
imported samples of Mexican wheats for testing. Once the seeds’
adaptability to local conditions was established, the countries im-
ported them from Mexico by the shipload (see Table 1), and at prices
only marginally higher than world market prices for wheat. The real
additional cost was only the modest difference between the cost of the
Mexican wheat seed and the world marlet price.

TAELE 1.—IMPORTS OF HIGH-YIELDING MEXICAN-WHEAT SEED [NTO ASIA

-Tonnage Tonnage

Country Crop year tmported Countiy Grap year imported
Afghamstan .- oo _______ 1557 170 Pakistan, e oo e 1956 350
A2 e 1956 250 1957 50
1967 18, 600 T 1988 42, 000

Nepal me i 1965 38 F TR kY e mecee e e 1967 60
1967 450 1968 22,000

Saurce: Dana Dalrymple, “Imports end Plantings of High-Yielding Yaneties of Wheat and Rice in the Less Developed
g!gagéuns,"gfgshmgton, P_C - International Agricultural Development Service, US Depariment of Apriculture, Washington,
s PP L= -
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Not only was the new technology essentially free but, because the
seeds could be imported in bulk, the time required for seed multiplica-
tion was greatly reduced. Normally the development of a new variety
begins with a small handfwl of seed wlhich is multiplied to_a half
bushel, then a quarter ton, ten tons, four hundred tons, eventually pro-
ducing enough to release the seed commercially. Pakistan imported
42,000 tons of tlie new wheat seeds in 196768, enough to plant more
than a million acres. When this crop was harvested, it provided enough
seed to cover all of Pakistan’s wheat land, thus telescoping into two
years a process normally requiring several years.

TABLE 2--AREA PLANTED TO HIGH-YIELDING MEXICAN WHEATS

Planted area Planted area

Country Crop year (acres) Country Crop year (acres)

Afghanistan.___._______. 1967 4,500 | Mepal . %gg? lg' ggg
1968 65, 045 v

' 1968 §1, 300

1959 300,000 | pagistan_._______________ 1568 12, 600

India_ o ___ 1555 7,400 * %ggg . %gg, ggg

1957 1,278,000 1969 &, 000, 00D

1958 6, 681, 000 | Turkey____________.___. 1963 420, 000

1959 10,000, 000 1959 1,780, 000

Source. Dalrymple, op cib, p 2.

Imports of seed rice from the Philippines similarly accelerated the
diffusion of the high-yielding dwarf rices, such as YR-8. Perhaps more
important than the actual tonnage of the dwarf wheats and rices im-
ported is the prototype they represent, which local plant breeders can
refine and modify specifically for local growing conditions. The new
seeds are thus raising the sights of agricultural scientists, ushering in
a new era in agriculbural research, Jaya and Padmas, two promising
rices released in Tastern India during 1969, are both local modifica-
tions of the dwarf prototype. Local improvements on the dwarf wheat
prototypes are already in widespread use in India and Pakistan. As
plantbreeding efforts continue, the first generation of high-yielding
varieties is being replaced with a second generation.

Increasingly, farmers are viewing the future in terms of new seeds,
new techniques, and a more productive life. Symbolizing this attitude
is the response of the Filipino Farmer of the Year, 58-year-old Andres
de la Cruz, when asked what variety of rice he was going to plant
next season. “Y don’t know,” he unhesitatingly answered. “I’m still
waiting for a newer variety.”

IT. TELESCOPIC FROGRESS

In some countries, the new seeds have already generated a “yield
takeofi’—that is, an abrupt transition from a condition of near-static
yields to one of rapid, continuing increases, Thus the mew seeds
have made possible & quantum jump in the production that farmers
can get from an acre of land. The yield takeoff in wheat, shown for
three countries in Figure 1, is easiest to illustrate. The line for Mexico
ig most dramatic, reflecting not only the adoption of the dwarf wheats
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and the growing use-of fertilizer by all: wheat growers, but also the
fact that a.very large share of the wheat crop was-brought under irri-
gation in Mexico between 1950 and 1960.. The combination of these
Factors trebled wheat yields in 15. years.
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The recent annual percentage yield increases in wheat in India and
Pakistan are more than double those following the introduction of
hybrid corn in the United States. Several other poor countries—par-
ticularly Turkey, Afghanistan, Tunisia, Morccco, and Iran—appear

to be on the verge of similar yields takeoffs in wheat.



84

The picture for rice is not yet so clear as for wheat (see Figure 2).
The area planted to the new rices represents a smaller percentage of
the total crop area than the area planted to the new wheats. Neverthe-
less, Ceylon and West Pakistan, where virtually all rice land is irpi-
gated, have achieved a yield takeoff (see Table 3). Thailand, Indo-
nesia, Indis, and East Pakistan are not far behind.

TABLE 3,—WHEAT AND RICE PRODUCTION TRENDS IN SELECTED COUNTRIES

[tn thousands of metric tons]

Wheat Rice
Wast

Year {ndia Pakistan Ceylan Pakistan Philippines
10,322 3,938 611 1,547 2,408
10,977 3847 613 1,692 7,542
12,072 4,129 £82 1,645 2,579
10, 829 4,215 538 1,790 2,458
9,853 4,197 716 028 585
12,290 4, 626 515 1,977 2,647
0, 424 3,786 649 2,043 2,657
11,393 4,394 780 27288 27832
16,568 B, 47 813 3,150 Z,990

18,400 7,000 @ 1) )

L Not avallable .
Source: US Department of Agricuiture

Fhese yield takeoffs are occurring in the poor countries today at a
much earlier stage in their development than the comparable break-
throughs that took place in North America, Western Furope, and
Japan. It does mean that there is a real possibility that the poor coun-
tries can telescope into a few years much of the progress that it has
taken decades to achieve elsewhere. This promise, so familiar to read-
ers oi the literature of development, has often bred more disillusion-
ment than Tope among peoples beset with the problems of mere sur-
vival. But the agricultural revolution gives substance to the promise
as nothing else has in the poor countries up to now.

Higher incomes

Increased production from the new seeds is abruptly raising incomes
and living standards for literally millions of rural families in poor
countries throughout the world. It is this ineredible opportunity to
Talse incomes with the new seeds that underlies their rapid spread
from country to country, village to village, and from farm to farm.

Table 4 compares typical returns realized from the new varieties
with those from local varieties. In Turkey, the net profits of farmers
growing the dwarf wheats are two and a half times those derived
irom local varieties; in Pakistan, somewhat moré than four to one; in
India, four and a half-to ohe. In West Pakistan, with virtually all
rice under irrigation, the margin in rice is just under two to one; in
Fast Pakistan, where irrigation is imited and the high-yielding rices
are grown mostly during the dry season, it is mearly four to one.
In the Philippines the margin is much less; consumer resistance to
the taste and texture of IR-8 reduced its price to 30 percent below
that of tradifional varieties, thus offsetting some of jts enormous yield
advantage. Tiven so, incomes of farmers growing IR-8 were nearly
twice those of farmers growing local varieties.
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TABLE 4 —~COMPARISON OF NET INCOME PER ACRE FOR LOCAL AND HIGH-YIELDING VARIETIESL

Lacal High-yiglding

varjeties varieties
Wheat

TR Y o o e e e e e e e em 332 580
[ 311 13 54
L1 17 76

Rice .
West Pakistan_ e 25 45
East Pakistan.___ . i ccaas 30 119

Phiippines e a1 140

1 Datz are drawn from a number of sources ard reprasent either altem?ls to esttmate national averages or fhe results
of surveys The data therefore should be taken as indrcating the orders of magmitude of net income with the prices pre-
vailing at the time of the estimate. Within any country there 15 a great vanation, depending upon yields and costs of
inpuis. iost data age for the 1988 crop year,

The thirst for water

The new seeds are generating an enormous thirst for irrigation
water among millions of farmers in the poor ecountries where they are
being introduced. For many, water has suddenly become the key to
a better life. With an adequate supply of water, farmers can use the
new wheats or rices, raise their living standards, and enter the twen-
tieth century; without it, they remain tied to traditional agriculture,
merely eking out a subsistence living.

Already the new seeds, and exceptionally favorable farm prices,
are having an effect on irrigation strategies. Tubewells (closed cylin-
drical shafts driven into the ground) and electric pumps have sud-
denly become popular with farmers. Accordingly, governments have
put more emphasis on encouraging small-seale ywrrigation that farmers
can Install in a matter of days or weeks rather than on huge irrigation
systems that take many years and hundreds of millions of dollars
to construct.

In India and Pakistan, the greater demand for water has meant a
dramatic increase in small-scale irrigation, particularly tubewells.
Pakistan’s “peasant farmers” installed 32,000 private tubewells, cost-
ing some $50 million over a 5-year span during the mid-sixties. Each
5,000 wells adds an estimated 1 million acre-feet to the yearly supply of
irrigation water. Most important, this new source is under the farmer’s
personal management, enabling him to control very precisely the
amount and timing of the water delivered to his crops.

During the 1968 crop year, Indian farmers installed 42,000 tube-
wells, which should provide an additional 8 million acre-feet of water.
The Indian government installed another thousand to be operated by
the state. Farmers purchased 200,000 pump sets, 2 large proportion of
(xivhhph replaced traditional bullock- or hand-powered water lifting

avices.

Farmers in the delte areas of Thailand, South Vietnam, and East
Pakistan are investing heavily in pumps to lift water from low-
flowing streams and canals to field levels during the dry season. The
combination of high-yielding rices and favorable prices makes such
investment among the most profitable a farmer can undertake. It
means that fields once idle during the dry season ate now green with
a second crop of rice.
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Farming around the calendor

Wherever grain is grown, nature and tradition have usually com-
bined to set a limit of one crop a year. In the hugher latitudes, low
temperatures during the winter preclude a second cereal crop. In
the tropics, the lack of water during the dry season and the inability
‘to maintain soil fertility have traditionally hmited multiple cropping.
Low temperatures remain an insurmountable obstacle in the tem-
perate zones, but the constraints in the tropics are being removed
by the new technologies, '

The genetic characteristics of the new varieties—high yields, early
maturity, and reduced sensitivity to daylength—open new vistas for
anultiple cropping. Farming around the calendar with two, three,
and occasionally even four crops per year is becoming feasible 1n
the tropical and subtropical regions, wherever water is available.
Scientists at Los Banos regulaﬂy harvest three crops of rice per
Jear. Kach acre they plant yields six tons annually, roughly three
times the average annual yield of corn, the highest yielding cereal 1n
the United States. Farmers in the State of Mysore, India, are now
producing three crops of hybrid corn every 14 months, using intensive
-applications of both fertilizer and irrigation water.

As multiple cropping spreads, it is profoundly altering the way
of life in the countryside, divoreing it from the traditional seasonal
-«crop cycle, which dictated not only planting and harvesting times
but the timing of religious festivals, weddings, and a host of other
:soctal events as well. Land which traditionally lay idle during the
dry season is being used more and more to produce food.

What had not been realized earlier was the great yield advantage
-of the dry season over the wet season, providing, of course, water 1s
-avallable. Data from both Indonesia and the Philippines show higher
yields in the dry season than in the wet season for high-yielding rices
grown at several different sites. Although environmental conditions
varied widely among the sites, dry-season yields were consistently
‘higher,-averaging 52 per cent above those during the wet season.

Different, cereals are often combined in the cropping sequence. In
«central and northern India, and in pavts of Pakistan where rice is
normally grown during the rainy season, it’s now possible to harvest
the early-maturing rice in time to plant a crop of high-yielding wheat
1n the dry season. Grain sorghum is o natural to combine with rice
i the dry season. With water and fertilizer, certain varieties of sor-
ghum tiller after harvest, ie., generate new stems and leaves, to
produce a second and third crop of grain from the original planting,
Fields at Los Banos are producing eight tons of grain a year from
a single acre planted successively with rice and sorghum. Heretofore,
farmers in much of Asia have harvested scarcely half a ton per year.

The economic advantages of farming during the dry sesson are
-obvious. The increased utilization of farm labor, draft animals, and
farm equipment which formerly lay idle in the dry season, combined
with higher ylelds, makes dry season cropping exceedingly profitable,
And the likelihood of substantially higher profits justifies investments

-

i dry-season irrigation facilities, such as tubewells, or water-im-

i
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pounding structures, which were not financially attractive with the. -
older varieties.-

Multiple cropping in the equatorial latitudes makes a virtue of the
very solar energy that has such a debilitating effect on human beings
in these regions. Fortunately, its potential is greatest where hunger
and malnutrition are most acute—the tropical-subtropical regions,
which are well endowed with solar energy and rainfall, and have
temperatures favorable to year-round crop growth.

ITT. TRANSFERRING TECHNOLOGY ACR0OSS BORDERS.

Global network of rescarch institutes

The transfer of the new seeds and associated technologies across
national boundaries which has made the agricultural revolution oS-
sible is impressive in scale. But perhaps even more impressive is the
fact that this transfer of technology is being dnstitutionalized. This
provides strong reason for believing that the momentum of the revo-
ITution will be sustained and will not dissipate after a few spectacular
harvests, that it is not a one-shot affair but the beginning of a new
era of continuous technological change and progress.

The institutions involved in this transfer include agricultural re-
search centers (supported largely by private foundations), multi-
national corporations engaged mm what has come to be called “agri-
business,” uwpiversities and natiomal and international assistance
agencles. American experience has played a formative part in the role
each of these institutions has played.

For example, the initial investment made by the Rockefeller Foun-
dation in wheat research in Mexico in 1943 has already yielded returns
of 700 percent per year for Mexico alone. The ultimate global return
will not be kpown for many years, but it is apparent that it will be
fantastically high. The acreage planted to Mexzican wheats in Asia is
now seven times that planted in Mexico.

Public and private investment in research on hybrid corn in the
United States has also yielded a social return of $7 yearly for every
«dollar invested. And this does not, of course, include the benefifs from
the use of these-hybrids ontside the United States. Data on overall in-
vestments on publicly financed agricultural research in both the
United States and Mexico indicate returns of 800 percent yearly.
These estimates do not include most of the work undertaken by pri-
vate agribusiness corporations, which today finance over half of all
U.S. agricultural research.,

Perhaps the single most profitable investment in agricultural re-
search to date 1s that of the Ford and Rockefeller Foundations in the
International Rice Research Imstitute at Los Banos. The total ex-
penditure at IRRI, including the initial investment in 1962 and the
year-to-year operating costs was $15 million as of 1968. Sterling
Wortman of the Rockefeller Foundation .estimates that the 1967-68
rice harvest was $300 million higher because of the new TRRT varieties.
The figure for 1968-69 may approach a billion dollars. These figures
cannot be regarded as returns on research investment alone, since the
additional production costs gssociated with the new varieties have
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not heen deducted. Nevertheless, it is-clear that the return to society
on the original investment is exceedingly high, and the benefits de-
rived from the rices and improved production practices developed by
IRRI are only beginning to appear. ]

Several institutions, including internatiomal assistance sgencies,
foundations, multinational corporations, government agencies, and
research centers, are becoming loosely linked in an informal Interna-
tional network which greatly facilitates the transfer of agricultural
technology among countries. But it was the Rockefeller and Ford
Foundations that carried the institutionalization of technological
transfer & giant step forward in the development of the new seeds.
The decision by the two foundations to pool their resources and estab-
lish o global agricultural research netswork was an international event
of enormous significance.

Spectacular though the results in cereal breeding are, many further
breakthroughs, some not yet envisaged, are certain to occur 8s more
and more resources are mobilized. The concentrated effort to share
breeding materials and research results in an interconnected, sys-
tematic fashion is certain to bring handsome rewards. A good begin-
ning has been made, but most of the benefits of this recently organized
effort are reserved for the future.

TRANSFERRIN G TRCYINOLOGY : TITE JMULTINATIONAL CORPORATION

During the early decades of this century, nearly all agricultural re-
search in the United States was government-sponsored, conducted by
the Department of Agriculture and the State Experiment Stations.
The exlension services, led by county agents, were the principal
- }neans through which the results of this research reached individual

Armers. )

Since World War IT this picture hes changed dramatically. Today
most agricnltural research in the United States is conducted in the
laboratories and on the experimental farms of the corporations, which
manufacture farm implements, produce fertilizer and other farm sup-
plies, Most of the new technology reaching American farmers today
comes by way of new products and the higlﬁy trained sales and service
forces of these corporations. “Agribusiness” has found it very profita-
ble to invest m research and agricultural extension. The large-scale
entry of agribusiness corporations into these activities in turn has
made possible the innovative, dynamic character of American agricul-
ture during the past quarter century. '

There is'good reason to think that the same process will take place in
the poor conntries. As Increases in farm production become more de-
pendent upen purchased inputs, and as the proportion of farm produc-
tion that is marketed rises, investment in agribusiness becomes more
important. Tir fact, that investment must grow much faster than agri-
cultural production itself. It is difficult to see how this needed new
instrument in the jpoor countries will be found without engaging the
capital and the techmical resources of the multinational corporation
oD an evel increasing scale.

While plant breeders were developing new varieties of wheat and
rice, chemical engineers were scoring a comparable technical break-
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through in the production of fertilizer. The key advance was made in
the early sixties, when engineers af the M. W. Kellogg Company of
Buffalo, N.Y., developed a more efficient process for synthesizing am-
monia from atmospheric nitrogen. The new process uses huge centrifu-
gal compressors which reduce by a third both the initial capital cost
and the operating costs of ammonia plants, Though developed within
the United States, this beneficial new technology being used by multi-
national fertilizer-producing firms knows no national boundaries. It
promuses to lower the cost of food production throughout the world.

Right now, with cereal prices still atéractive and fertilizer prices
declining, fertilizer use is rising at 16 percent a year in the poor coun-
tries. This is far faster than in the rich countries, where fertilizer use
is much closer to saturation. The use of fertilizer in Brazil, essentially
unchanged from 1960 to 1966, more than doubled in the suceceeding
three years. Fertilizev nse in India, which increased only slowly dur-
ing the early sixbies, more than tripled from 1966 to 1965. The story
in Pakistan and Turkey is much the same.

As another example, Standard O1l of New Jersey (ISSO) has a
highly successful program in the Philippines for delivering the needed
inputs to farmers. ESSO has established some 400 agro-service centers
to serve as marketing outlets, not only for the fertilizer produced at
ESS0’s plant in the Philippines, but also for other assoclated inputs,
such as seed, pesticides, and farm implements. Manned by trained agri-
culturists who ean provide farmers with technological advice and
services, these have become one-stop shopping cenfers for Filipino
farmers. Kstablished just as the new varieties were catching on, they
are making a strategic contribution to the gains in Philippine rice
production. k

In the 1970%, agribusiness investment by private multinational firms
in some poor countries could far surpass that going into extractive in-
dustries and thus be much more welcome because it would more di-
rectly stimulate local industrial activity and create employment. There
is a challenge here to both the multinational corporations and, the poor
countries. The former, in their pursuit of ever more efficient combi-
nations of raw materials, labor, management, and markets, have to
demonstrate an Interest in the local economy. They have to be truly
multinational investors, not just foreign investors. They have to be
willing to invest for the long haul, not just for the quick result.

The poor countries, on the other hand, have to try to “denationalize®
the subject of agribusiness investment and treat it for what it is: an
amazingly efficient way of institutionalizing the transfer of technical
knowledge in agriculture. The agricultiral revolution provides the
setting for a more pragmatic approach to this touchy issue.

IV. SELECTED SECOND GENERATION IROBLEMS

Seeds of instability

In December 1968, in Tanjore, one of India’s model agricultural de-
velopment districts, 42 persons were burned to death in a tragic clash
between two groups of landless laborers. They were fighting over how
best to get a share of the benefits from the new sesds being planted by
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land-owners in the district. One group was willing to work at prevail-
ing wage rates; the other wanted to enforce a boyeott agamst the
farms where the new seeds were being planted until landlords agreed
to raisc wages and share some of the handsome profits that were being
realized with those who owned no land.! .

Hugene Black has observed: that economic development “is a fickle.
process; it destroys old habits and attitudes toward 1ife and work evem
4s 1t creates new opportunities: it often raises hopes much faster than
the level of satisfactions.” The introduction of the new seeds is bearmg
out this observation on a grand scale. They not only double the level
of production over the levels of local varieties, but in doing so they-
often triple or quadruple profits. Millions of farmers have suddenly-
found themselves earning incomes that they had not dreamed were
possible. The aspirations of millions of others, especially rural laborers:
without land, are being aroused in the process. As the new seeds and
the associated new technologies spread, they introduce rapid and
sweeping changes, creating a wave of expectations throughout society-
and placing great pressure on the existing social order and political
system.

thzll‘cmﬂicts are bound to arise between landowners and temants, and
between both of these groups and landless laborers. Conflicts will also.
arise between regions within a country where conditions in one prove
more adaptable to the new technologies than do conditions in another.
Most. important, confliets are bound to arise over the division of’
benefits between the countryside and the cities.

In Turkey, where wheat is the leading crop, the planting of high-
ylelding dwarf vwarieties is concentrated in the high-rainfall coastal’
lowlands, As farmers on the coast double their production nging the.
new wheats, prices are likely to decline, leaving the dryland wheat:
farmer on the Anatolian Platean in even worse circumstances than he:
isin now. The widening gap in rural prosperity between East and West
Palkistan helped to undermine the authority of President Ayub IChan.
in 1968, leading to a period of considerable political turmeil in that
country.

All technological innovation leads in some degree to these kinds of”
disruption. What is different about the introduction of the new seeds
is the quantum jump in technology that they represent. In Western:
Tturope, the United States, and Japan, agricultural modernization pro-
ceeded much more gradually, and it took place in societies that were-
aceustomed to and expected contimual technological change. The new
seeds are being introduced abruptly on a massive scale in societies still
practicing essentially Biblical agriculture. Centuries of technologieal
Progress are being compressed into decades and, in some extreme cases,.
into years. Herein lies the.trauma of the agrieultural revolution.

Themurkéling crisis
During April and May of 1968, scores of village schools closed in:
northern India. The reason was not student unrest or a teachers’ strike..

1 New York TMmes, December 28, 1968, p 3.
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Tt was that schoolhouses were the only uninhabited buildings capable
of storing a record crop of wheat that had already overwhelmed all
other local storage facilities. The classrooms were filled to the ceiling
with the new grain, and even that wasn’t enough room. The overflow
was finally stored in the open, unprotected from the weather. The
bumper harvestwas 35 percent greater than the previous record crop.
A zace began to gek it to New Delhi and other cities where there were
empty grain elevators before the monscon rains came. Fortunately,
the rains were late, and the exposed grain was safely loaded in boxcars,

With the new technologies, faimers’ marketable surpluses of cereals
have increased far faster, proportionately, than production. A farmer
who is accustomed to marketing a fifth of his wheat harvest finds his
marketable surplus tripled when his crop suddenly increases 40 per-
cent. Even after retaining more for home consumption, as many are
doing, farmers who have doubled their output with the new seeds are
inereasing their marketable surpluses several-fold.

When the wheat harvest is suddenly 35 percent greater than the
previous record, as was the case in India in 1968, the marketable sur-
pluses are bound to overwhelm all the components of the marketing
gystem—storage, fransport, and handling facilities. In West Pakistan,
land planted to the new IRR-8 rise rose from 10,000 acres to nearly a
million In one year (1967-68) ; West Pakistan suddenly found itself
with an exportable surplus of rice, but without the facilities needed to
handle an export trade efficiently.

Four consecutive annual increases in the rice harvest in the Philip-
pines are creating another kind of market crisis: a pressing need for
more drying and warehousing facilities. In the Philippines, not only
is the crop considerably larger, but the new, early-maturing rices must
be harvested during the monsoon. Traditional methods of drying rice—
in the sun slong the roadside—are no longer feasible; farmers must
use mechamical grain driers to dry the rice en route from the field to
the storage bin.

The Green Revolution found some countries with marketing sys-
tems oriented to a considerable extent toward handling imported
grain, Over the past 15 years, many large coastal cities In Asia, in-
cluding Bombay, Karachi, Calcutta, and Djakarta, have been living
literally from ship-to-mouth for extended periods off the wwheat
shipped each vear under the United States food-aid program. In the
mid-sixties these shipments -averaged 450 million bushels yearly.
Systems designed to move food surpluses from the countryside in
the interior to the cities or to other food-deficit areas atrophied from
disuse.

If one could add up the investment needed in markefing in countries
using the new seeds, the total would be large indeed—in. the billions
of dollars. There is no more pressing need in agriculbure in the poor
countries today. Governments in the poor countries, AID, and the
multilateral assistance agencies must address marketing with a sense
of urgency matching that required to achieve the explosive gains in
. food production. Without such an effort, many of the potential pro-
duction gains may evaporate.
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T'he disease threat

One of the major risks of trying to establish o plant variety in an
environment differing from that in which it was developed is that the
new variety may fall prey to a disease to which it has no resistance.
The classic example is the Irish potato famine of the late 1840%.
Treland had become dependent for its food on the lowly potato that
had been introduced from the New World. The potato proved suscep-
tible to blight; as the result of devastating crop losses, a million and
a half Irishmen died of starvation, and even greater numbers of the
survivors emigrated to the United States in ensuing decades. Famine
and emigration; plus delayed marriages and low birth rates over the
century and a quarter since the famine, have reduced Ireland’s popu-
lation to four million~—just half of what 1t was when the potato
blight hit.

The potato does not readily contract blight; the temperature and
humidity, among other factors, have to be exactly right—or, rather,
wrong. But when thesé very specific conditions oceur, the crop failure
can be tolal. The same is true of wheat rust and some other diseases
attacking cereals, Since the 34 million acres of high-yielding cereals in
Asia is planted largely to exogenous varieties, the disease threat is
particularly acute. The new wheats, developed in Mexieco, are rather
resistant to the wheat rusts currently prevalent in Mexico, but not
necessarily to those found on the opposite side of the globe.

While the threat of neiv digeases is real, there is much more pre-
ventive technology in the research bank today than when the potato
blight struck in Treland. As the exogenous varieties are crossed with
local strains, the risk of a widespread outbreak of disease is reduced.
At the same time, a greater number of new varieties is being used, and
sonrces of germ plasma are becoming more diverse, diminishing the
prospect of a total crop failure.

CONSOXMER RESISTANCE

Plant breeders also have to contend with consumer resistance. Newly
introduced variefies are rarely as acceptable as those which they re-
place, and to which people are aceustomed. The Mexican wheats, for
example, are predominantly red wheats, but Indians and Pakistanis
prefer amber wheats, The cooking qualities of TR-8 rice are invariably
less popular than those of local varieties. The new rice is more chalky
and is brittle, yielding more broken grains during milling,.

Congurmer resistance is reflected in the lower prices the new varieties
command in the marketplace. Mexican wheats in Turkey sell for 10
percent less than local wheats; we saw earlier that the price for the
new rice in the Philippines was 30 percent below that of traditional
varieties. Tn Pakistan, wholesalers and millers have been reluctant to
buy TR-8because of its milling and cooking characteristics.

Again, however, time seems to be on the side of the new varieties.
Crosses between them and the local strains often elimingte the less
desirable characteristics, and consumer tastes adapt with time. Mean-
while, scores of local rice-research stations are kept informed about
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these technieal problems. New varieties that are more disease-resistant,
that require less expensive protection in the form of chemical controls,
and that have more desirable cooking and milling properties are being
developed all the time. i

The need for U.S. coordination

One of the greaf ironies of the Green:Revolution is that the achieve-
ment of self-sufficiency in food may create a more serious foreign-
exchange crisis than would continued depeiidence on food aid from
abroad. Because food-aid comes in kind and not in money, the savings
in American food aid, for example, cannot be used to buy the increased
amounts of fertilizer and other farm inputs needed to use the new
seeds effectively.

There is no' functioning mechanism within the United States gov-
ernment for-transferring savings of food aid to increased aid in other
forms so that at least a portion of the budget savings realized from
reductions in the food-aid program could be shifted to finance the
import of fertilizer and-other items needed to sustain the agricultural
revolution in aid-receiving countries. The two forms of aid are the
responsibilities of separate Congressional committees: food aid is the
agricultural committees; fertilizer.and other forms of aid, of the for-
eign-affairs committess.

Some countries, such as oil-rich Iran, have the money with which
to buy the inputs needed for self-sufficiency in food. But most do riot.
And for them, achievement of self-sufficiency will be costly in, forei
exchange unless the United Stafes devises a means of offsetting de-
clines in food aid at least partially with other forms of aid.

V. THE GREEN REVOLUTION AND THE FOPULATION DILEMIA

Redefining the population problem

When Thomas Malthus published his gloomy treatise in 1798, he
defined the population problem primarily in terms of food supplied
and the threat of famine, Ever since, the threst of overpopulation.has
been perceived largely in his terms. In the 1960s, when national.and
international leaders were preoccupied with food scarities in the poor
countries, the population problem was regarded as virually synony-
mous with the food-population problem.ql‘he two terms were often
used interchangeably.

But as we enter the 1970s, we are faced with 2 need to redefine the
population problem. After nearly two centuries, it is time fo move be~
yond our legacy from Malthus, ]

Two independent factors, both bearing directly on the population
issue, are forcing us to change our conception of it. The first is the
agrieultural breskthrough in the poor countries. Although this is by
10 means a solution to the population problem, it is diminishing the
prospects of famine in the near future and buying time—perhaps an
additional 15 years—in which to develop the ‘confraceptive tech-
nologies, the will, and the strategies to stabilize global population
growtls . y
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. »"Whilé-the threaf -¢f famine is 'dimfnishing, thé number of young
peoplé énteringlabor-iarlets 48 rising very rapidly: This is tlie second
factor, The population explosion bégan in most poor countries 15
or 20 years ago and resulted in an almost immediate demand for
additional food. But, since babies do not require-employment, there is
a. grace period of 15 or 20 years on the job front that does not exist
Zor food. As the seventiegbegin this.grace period is ending. The food-
population problem of the.sixties is becoming the employment-
population problem. of the:seventies, Feeding theincreased numbers of
people will not, be easy, but s likely to be mich more manageable than
providing jobs. ) ) . e

With more and more young people entering the job market, the
day of reckoning with the explosion in population growth has arrived.
Tn: some countries the number of young people coming of employ-
ment agewill nemdy double in a matter of years. If these millions of
young people are not able to find jobs, the “labor force explosion”
could pose an even greater threat to peace and stability than, did the
threaf of famine in the sixties. ] -
The-Green Revolution and family planning

Breakthroughs in food production and! thie prospects for effective
family-pianning efforts in poor countries are not unrelated. In addi-
twon to providing time in which to develop new -contraceptive tech-
niques, expanded food supplies can have o widespread effect on atti-
tudes toward family planning. The lack of interest in family planning
by most couples in these countries is largely due to their-feeling that
they must bear many children if a few are to survive to adulthood.
‘With adeguate food supplies, much larger numbers should survive, If

of family planning, as many sociologists believe, then thishurdleis not
being crossed 1 some of the poor countries. Paradoxically, more food
could-eventudllyinean fewer peoples’

Reinforcing this contribution of the Green Revolution to farnily

planning ig the likelihood that those who adopt the new seeds will be-
corne much more susceptible to change in other areas, including the
R‘}ﬂﬁm'ng of their families. Once an Individual breaks ‘with tradition

change.

+ +The, most- significant contribution of the Green’ Revolution to the

population’debate is likely to'be thenew context in which that duobate
wille carried onl in the 1970%. The Green Revolittion.has, at least tem- -
porarily, laid the specter of famine to rest, permitting an employment
E:risis‘d_fjlvést. proportions to surface in ifs place. Discussion ‘'of the ur-
geney of limiting-population gro*i:ﬂ’:l'l must shift its focus from food

I . L
V1. EOLVING'URBAN PROBLEMS IN 'HE COUNTRYSIDE

Since’the Industrial Revolution, the most enduring soéiai phenome-
nonr-everywhere has been the' steady movement of population. from
the farm to the city. This historic trek has created the stark possi-
bility that many great cities may become human trash heaps, the very
opposite of the centers of civilization envisioned by the Greek

- assured féod supplies are w precondition for the'widespread:adoption -
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Whether en route to Newark, New Jersey, or' Caleutta; Tndia, tens
of millions have voted with their feet-for alindst-any alternifive to
remaining in the countryside. Tn Newark they 'crotvd the g’hc_aftbs ; In
Caleutta o hundrédthousand or so hdve become-perthanent inhabitants
of the sidewsllks, Now, the new:’seeds offer at l€ast o possibility of
slowing down the trél from countryside to-eity i the poor regions of
thé world, wherd‘the problems of “urbanization™ dre cufrently so
pressing and potentially so explosive. But, ironically; if the new tech-
nolovies are misminaged, they can’ digplacé *rural - populations,
driving them into the cities il great nluribers. ‘ '

Many currenturbanproblems, whether in Newark or-Caleutta, have
their roots in the téchmnological changes that have taken: place . the
countryside. The black migrantto Neswark was drivén out of the South
by the mechanical cotton picker. Affer two centuries, one.of the most
important original reasons for bringing blacks to-the tinited.States
fromAdfrica—to pick cotton—suddenly disappeared. For many there
was no alternative to.migratiom. to.the urban areas. of,the North, if
only to take advantage. of better social services or bigger welfare
checks. . : e .

A different liind.ofi technological innovation drove millions from the
rusal aveas of West Bengal into- Calcutta. Two.detades of exploding
population growth, the vesult of suceessful malaiia-eradication
projeats.and other modern medical advances; increased the pressure of
people on the Jand in Bengal to the peint where literally millions of
Bengalis had neither land nor the prospect of endugh employment in
the countryside to ward off starvation. Desperstion led them to the
Cit‘_\f. H . e
The plichl of the citles 1s far worse in the poor countries than in the
Trnited States. Hewd, ab least, there lins been’somesreverse:trek from
the inner cities to the-suburbs; thesdensity of thesghettos. in.big cities
like New York is\mot appreciably gréater and ‘may even be'somie-
what less than it wag o genevation.ago, But thére is no such'hope of

escape from Caleutta'or Bombay or Recife: . -
Although rural-urban migration is as old as the first cities, the
worltl’s population temaius predominantly rural; more than half of
its pevple live: if ural Asiw, -Africa, and Latin America. Fol years
to come, thislarge.and growing group must make its living-in agricul-
ture. The rescurces o create jobs in'the citiég.can acconimodate only
asmall fraction of the projected increase in rural ‘Populatioh! This.

fact must dominate.development planning in the Seivent@ezs._ ot "fl i
Emfﬂbyment‘potential of the new seeds . . ,2___,!1,"-,

" Properly .managed, the new technologies cah evedte -fupi: émlgioy:
ment and make ruralilife otherwise. move astractive. Wherever data
are available, theéy Indicate that the new seeds require more laborhan
the ’Ekm‘iiéionai _ones they replace..Farmers who:wish to aéaliZe the
genebic potential. of the high-yielding seeds muyst- Prepare Seedbeds
]fnncnlji‘q ﬂloé%?gm¥,‘ a%pg fert{i)]izqnl more frequently, weéd more.care.

uily, and. thresh and transpért a, large crop. . y rabions:
%ilfajadditional labor, ROFY 3 Targe crop. All these oper atlc?nsu Ff"

In northern India and West Pakistan, where the hioh-

: : ield
wheats are catching on quickly, seasonal labor shortagescha?;e %ﬁ,ﬂﬁ
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appravated, forcing rural wages during harvest above the wages pre-
valling in the larger cities. A survey cited in an AXD report from
New Delhi in 1969 showed that the cash outlays for hired labor needed
to produce the new rices are roughly double the outlays required for
local rices. A scattering of data from several countries indicate that
total labor used, both family and hired labor, is from 10 percent to
as much as 60 percent greater with the new seeds, depending on local
growing conditions and labor costs,

A report from the ATD mission in New Delhi, addressed to the
effect of the new wheats on employment, concludes:

The Green Revolution has definitely been employment-creating, In the Punjab
{state in northern Indin) there have been serious labor shortages during the
April-June period when wheat is hayvested, threshed, marketed, and the snmmer
€rop is sown, Wage rates (nonagricultnral) have risen as high as $2.00-8$3.25 per
day. Agriculfural labor rates have also risen. Mechanization is increasing
rapidly, largely hecause of the labor shortages.

This eonclusion is borne out by experience in such countries as
Taiwan and Japen, where, as agriculture modernized, labor require-
ments increased. Japanese and Taiwanese farmers now invest about
170 man-days in the production and harvesting of an acre of rice, as
compared with 125 man-days in India and 100 in the Philippines.
But while more labor is required per acre in Japan and Taiwan, less
labor is reguired per ton of grain. Available data suggest that a
similar situation obtains in Turkey, India, and Pakistan, where fabor
used per ton of the new cereals averages perhaps 20 percent less than
with traditional varieties.

SELECTIVE MECHANIZATION

As wages rise, and as the new seeds malke agriculture more profitable,
roechanization becomes increasingly attractive. Perhaps the most
immediate issue of the agricultural revolution is whether mechaniza-
tion will come in such a way as to displace large numbers of farm
laborers and thereby measurably worsen an already serious social
problem.

As we saw earlier, there are hound to be serious conflicts over the
division of benefits created by the new seeds between landowners and
tenants, and between the countryside and the cities. If mechanization
proceeds so rapidly that more millions are added to the army of
unemployed in the rural areas and in the cities, the agricultural revo-

 lution could become @ curse rather than a blessing,

But with the new seeds, selective mechanization can create jobs.
Irrigation is & case in point. Traditional methods of irrigation, using
human or animal power, often do not supply enough water to mest
minimum needs. More important, phenomenal savings occur when
mechanized water pumping is introduced. One study of pumping costs
in India found that it costs 495 rupees to pump 10 acre-inches of water
by hand, assuming a 40-foot lift. With draft animals powering a
Persian wheel, the cost drops to 845 rupees, but the really startling
gaim comes with the use of a diesel engine; the cost then drops to 60-
Tupees.
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As more water becomes available and production is boosted, more
labor is required for land preparation, planting, fertilizing, weeding,
harvesting, and threshing, When multiple cropping becomes possible,
labor requirements may double or even treble, with the number .of
¢crops.

Rising pressures for agricultural reform

One of the puzzling dimensions of the agricultural revolution is
why it is progressing so spectacularly in some poor countries but not
catching on at all in others. It is true that new wheats and rices ars
better adapted to some countries than others, but this variability does
not begin to explain the glaring contrasts. The Mexican dwarf wheats,
for example, are spreading through much of Asia and parts of North
Africa but are having Little impact in Latin Amersea outside of
Mexico. Nor are the dwarf rices developed in the Philippines-catching
on rapidly in Latin America. ‘

In general, the disparities are due to the inabilty of some govern-
ments to create the economic climatg required to accommodate a break-
through in agriculture—more specifically, to- their inability to bring
about%aald reform. Bven if price incentives are provided, land owner-
ship in many countries is too concentrated within 2 small segment of

-the population to permit an effective link between effort and reward
for those who work the land. In other cases, the small size of land
holdings or the fact that land tenure is determined by archaic customs
effectively prevents the introduction of modern technologies.

As agriculture emerges from its traditional subsistence -state to
modern commercial farming, with the need to purchase inputs and
market production surpluses, it becomes progressively more important
to ensure that adequate rewards acerue divectly to the man who tills
the soil. Indeed, it is hard to see how there can be any meaningful
modernization of food production in Latin America. and Africa south
of the Sahara unless land is registered, deeded, and distributed more
equitably among those who till it. If land titles in Africa continue
to be determined arbitrarily by a chief or headman, there simply will
be no basis for investment in the Jand. If the link between effort and:
reivard in Latin America is weakened because huge tracts of land are
owned by absentee-landlords or country gentlemen with-little interest
in.commercial farming, millions will continue to abandon the country-
side for the impoverished city barrios, ; ‘

T'rade policy and wrban problems

Agriculbural trade policy in the rich countries.and urban problems
in the jpoor countries are closely related. The easiest way to handle
urbap problems in the poor eountries.is to provide incentives to keep
people in the countryside. This in turn reguires expending external
markets for the additional production the new seeds make possible.

As long as there is an internal food deficit to produce against,
produetion can expand rather rapidly. But once this is filled, demand
will increase rapidly only if export markeis are developed. A: rise in
domestic demand depends upon a rapid and continuing indigenous
growth 1n incomes; a rise in the demand for export depends upon.
gaining access to the highly protected grain markets of the rich-coun-
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tries, parhiculazly, Japan., apd. Western Europe. This increasingly

recopnizable Telitionship between trade policy.and. wrban proplems-
ig certain to. make.,frade relationghips:bebween the rich and’ poor
countries;, major dgsye: in, the. seventies. : Y

-

VI. THE NEW SEEDS AND THE ABERIGAN F;ARMZER

- Thernew seeds are having.an impact that.exfends dax beyond the
borders:of the countries-where. they 4re being planted. Designed spe-.
cifically to- capitalize on the:greater supply-of solax.energy and the
year-rolind  growing: temperatures of tlie dropics, they are strength-
ening the comparative advantage of.the tropical-subtropical coun-
tries 1h' cereal production. Poor «countries, until- recently grain im-
porters, are appearing svith incressing frequency on the export side
oftheledger. . ™ + W R .

Even without knowing exactly how the-new-technologies will re-
order world agriculbiral trade, we-can already see the beginnings of
signifieant change: The-recent production. grins in the poor countries.
challenge all the.rich countries, particularly the.more protectionist
ones in. Burope, and Japan. These countries will be pressed.to open
their markets to .compétitively.produced fasm exports from the ppor
couniries. They- cha]fenga the ,American farmer in a very -different.
way. Hemust adjust to declining levels of food-aid exports, principally
wheat, while simultaneously adjusting to .expanding opportumties
for commeteial exports of the wide tange-of commodities he produces.
so efficiently. i ' . . y

During the mid-sixties, two-fifths of the.entire United States wheat
crop wag dhipped -abroad. as food -aid, one-fifth to India alone. Ship-
ments in-196¢ exceeded 500 million bushels, but by 1968 they had:de-
clined:45. percent; t0-283 million bushels (Tables). .

v

. I -
_TABLE 3 —WHEAT EKFOR:TS AUNDER THE US FOOD AlD PROGRAM

Year * ¢ - " Bushelsi|-  Year . Bushels't
1954 L LR T, ema - 15 Ja1862_____. e e i 370
e 7 Y. 5 AB2

EE P conlMeed 509

M 2a3 1985 T Tt T a4

——— = 2190986 e eenneen 467,

——— 20 [ 907 e e e - 342

_____ 8LITS6E. e aaiieeae, n, 283

__________________________________ . 3844 ¥ I

o mjiligns. . .
'S‘P‘g,;éfwu,‘s. Rgrﬁafiméntof Agricultu!re )
. 1f Pakistan shouldi become selfisnfficient in cereal production ins
1970;: as scheduled,. and if India ‘sheuld follow -within a year or tivo,r
then fooq aid: could-drop.much loser, requiring continuing structural:
adjustments in U.S. agriculture. - o A R

+ Declines.in. food aid,.coming at the same time that thedrend of ris-
ing farm exports to. Europe has been,arrested by protectionisin, axe
resulting-in reductéd acneages.of food.graingsin fhe United:-States. -
Wheat-dcreage allotments, expanded to cope ~with- scarcity in: 1961,
were reduced 13 percent in 1968, 13 percent in 1969, and a planned 12

v
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percent in-1870. Rige acreage was reduced 10 percent in 1969.and will’
probably be.redunced. farther in 1970. Since 1t costs.less to idle Jand
thin to produce grains on the same land and ship it abroad as food.
aid, these reductions save the 1.3 Treasury dollars withput any nee-.
essary loss in farm income. . | - . g . e
. What is lost is a, great deal, of ifarm-yelated business. especially in-
the Northern Great Plains, where much of the.wheat is grown-and
where local economies depend on business generated by the produc-
tion, marketing, and storage of wheat. Farm-supply and service indus-
tries in rural communities suffer when wheat acreage is reduced. The
wral commumnifies derive some benefit from payments made-to farin-
ers to take.acreage but of production. Fhey may mot suffer anyloss it
Tarmers shift from-wheat to feed guains orbeef cattle, for which.there
has been a buoyant demand foxr- many- years. Nonetheless, wwhen the
govermment, shifts gears in agricultnral policy, -especially when it
shifts -to a lower gear, the effect in the rural areas is inevitably
unsettling. T '

At the firsk glance, it might appear that the trend toward self-
sufficlency in wheat or: rice in the poor: countries. would -throttie
growth In the world trade in farmr products and damage TS -ex-
port prospects in perideular. But this is not likely: to be, since
the associated rise in incomes creates new markets for U.S, farm
products. In many temperate-zone farm, products, the Amherican pro-
ducer is the most efficient 1 the rworld. .As Incomes rise, consumers
everywhere demand a much greater vaviety of food. During the-
sixeles, while the Japahese-economy was expanding at more than 10
percent yearly and while it was achleving self-sufficlency in rice, its
1mports of T.S. farm products nearly tripled, approaching = billion
dollaxs. - ‘ ~

The increasing diversity of ‘diets is reflected ever in sneh.‘basics as
cerenl consnmption. Although the Philippines has -achieved. self-
sufliciency in rice, for example, it is importing steadily growing :ton-
nages of wheat. Indonesia may achieve self-sufficiency in rice- and;
become an exporter of feed grains, but, like the Philippines, it must
import more and more wheat to satisfy consumer demand as incomes
reswme their rise. Densely populated Taiwan, long an exporter of rice,
imports growing quantities of whekt and even more rapidly growing

uantities of feed grains, the latter to meet the soaring demand for
the poulfry and’ pork that higher incomes demand. = | )

Studies show a close relationship between ihcome levels abroad and
importsief farm products from the United States. Cowltries with pér
chpita incomes of more than $600 & year bought $7.80 worth of farm
products per person ih 1964. Where avelage incomes were bebtween
$200-and $600, sales averaged $4.18 per person;-where incomes were-
under$200, sales were a'mere 30 cents -per person. ' : :

-Trrom 'the point of viéw of the Ameritan’ farmer, furthering the
Green Revolution is a matter of simple self-interest. The American
farmer-should welcome the Green Revolution. Adjusting to the-im-
paet of the new seedsand: associated téchnologiés will réguire.forward’
planning. But strengthening thelecoiiomic position ¢f the poor coun-
tries means, in effect, substituting commercial for concessional exports,
putting exports on a much firmer basis, more dependent on the Amer-

“ - et
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ican faimer’s ability to.compete and less dependent on the political
vagaries of government. In 1968, Asia, for the first time in history,
replaced Kurope as the leading outlet for U.S. farm exports. This is
but one indication of the growing importance of the less-developed
world for the American farmer. Significantly, Asia’s displacement of
Europe occurred despite the Green Revolution and-the sharp deeling
in food-aid shipments to the region !

VIO, TOWARD THE ERADICATION OF HUNGER

The new seeds, as we have seen, are seeds of change, promising to
transform the-economies of the poor countries, politicize the country-
side, and alter the social order. But the new ‘seeds imply something
else for humanity, something of paramount importance: they invite
mankingd to.set the goal of eliminating hunger from this planet.

We know now that hunger is inextricably linked with abject pov-
erty. Its eradication depends less on encouraging new production
than on expanding employment opportunities and -raising incomes
among the impoverished. The new seeds, because they promise both
lower food costs aid higher incomes, are making this relationship
more obvious and thereby are making it more and meore difficult not
to-accept the eradication of hunger for most of mankind as a prac-
tical achievable goal during the décade of the seventies. .

Where death certificates are issued for preschool infants in the
poor countries, .death is generally attributed to measles, pneumonia,
dysentery, or some other disense. In fact; these children are more likely
to be the victims ofimalnutrition. A severely malnourished infant or
child with low resistance con die of the most minor ailments. If all
deaths that would not have occurred, given adequate nutrition, could
be identified with reasonable accuracy  and attributed to malnutrition,
it would bring the suffering -and social cost of malnutrition into-
- much sharper focus. :

What hungeris

Hunger and malnutrition can be described statistically, but statistics
alone have little meaning for most of us. The fact that half or two-
thirds of the world’s people are hungry or malnourished is difficult
to comprehend. Tt does not move us to action. But hunger is mean-
ingful when it is personalized, as the following account of hunger in
Colombia by Frank Byrnes:

Nine-year-0ld Ans Ruth did not know why her aunt had left her in the
hospital. Heryounger brother had died at home just two weeks before, and now,
when the doctors and nurses came to talk to her, she asked what was going to
happen to her. Too young to understand fully the prospeck of dying, Ana Ruth
wasatfraid that in some woy ghe would have to part with the hew snealkers,dark
blue-canvas with white rubber goles, that-a-doctor-had given her, So she wore

_ them dag-and-night, tying in her hospital bed, and a sympathetic staff let her, for
there is no getting used to wateliing children die. i

Most children in the developing world suffer at ome time or another from
malnutrifion, particularly from protein deficiencies in their early years. The
advanced symptoms are easily recognizable : bellies become bloated, legs swell up
lilte balloons and hair turns reddish-blond and becomes brittle.

Ana Ruth did.not die. When her aunt, already overburdened with caring for
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her own five children, decided to let the University of Valle’s hospital worry
about the litfle orphan girl’s final care and burial, attendants rushed her to the
Metabolic Unit, where Dr. Alberto G. Pradilla and his staff took over. -Her condi-
tion was critical. She was suffering not only from.serious protein deficiency, the
disease called “kwashiokor”, but also from pnenmonis, which frequently occurs
in victims of malnutrition. As they freated Ana Ruth for pneumonia, doctors also.
placed her on' a minimum-level protein diet, svatching carefvlly the sodinm-
potassium balance in her system sowas to avold the risk of sudden- death from
additional strain onthe heart. .

Ana Ruth responded rapidly. She lost over tivo pounds of water a day for three
consecutive days, and the bloating and swelling abated. Once she was on a recov-
ery diet, her abnormal-hair fell oui, and her head began to sprout a fuzz prom-
ising a luxuriant growth of silky black'hair.? -

"Caloric intake, though a good quantitative indicator of food intake,
is not a good'indicator of dief quality. For this purpose, protein intalke

. Is much more satisfactory. Mose of the 1.9 billion-who don’t get enough
calories also suffer from protein deficiencies. Such was the case Wwith
Ana Ruth and, very probably, her younger brother, who died two
weeks prior to her admission to the hospital. The problem. is not just
a lack .of protein per se’but a lack of protein of High quality such
'as 1s available in animal products or 1éguines {pens, beans, soybeans,
ete.). - o oo ,

N e 3 . vk N H
The cost of molnutrition = Pt s L e

- Many of those who live in perpetual -hunger .do not die at Ana
Ruth’s age. Examples of the suffering they endure, however, are
legion. It is estimated that four million people in India are totally
blind and possibly three times as many are partially ‘blind, largely
owing to Vitamin A deficiencies. Perhaps one-third of the Indian
mothers who die in childbirth die because of iron-deficiency anema.

" - 'The effect of low levels of food-energy intake on the productivity
of labor is easy to see. American construction firms, operating in devel-
oping countries and employmgbloca,l labor, often find that they get
high returns in worker output by investing in a good company cafs-
teria that serves employees thres meals a day. But the scope of this
problem is perhaps better illustrated by events during the summer
of 1968, when India held 1s Olympic trials i New Delhi to select a
track and field team to go to Mexico City in the fall. Although it had
a population of 535 million to draw from, India failed to qualify a
single athlete in any of the 82 track and field events. Not one .of the
contestants could meet the minimum Olympic quah{jyﬂm%'sta,nd&rds to
go to Mexico City. Outdated training techniques and a Iack.of public
support were partly responsible, bul the widernourishment of most
of the population certainly contributed to thigpoor showing.

' Although the relationghip bétween -diet and physical performance
is well known, this Parrallel relitionship befiveen nutrition and men-
tal performance has: ofily ‘recently been demonstrated. Protein short-

-ages In the:early years of life, impair development, '6f the brain and

-central nervous systém, permanently redilcing’learhing capacity. Fur-
thermore; this damage 1s irreversible. Protein shortages, today are
depreciating' the stock of huméan resources for at léast’ a generafion

1 TPrances O Byrnes, "A Matter of Life and Death,” Rockefeller Quarterly, p. 4.
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1:16 come. And no amnount of investment in education-can correct this
amage. '

Eliminating hunger and malnutrition requires a larger supply of
food and:the means to buy it. The agricultural revolution contributes
to both. As the income of farmers 1s raised, they retain more of the
food they produce for liome consumption and also buy more goods
and services, thus providing more employment and higher incomes
for the non-farm population. This is turn expands demand for the
increased food production. The effect of the agricultural revolution
on cereal production per person is.shown in Table 6. In Mexico, eight
consecutive record harvests add up to some impressive gains, raising
per capita cereal output far above that required for direct consump-
tion, providing large guantities for conversion into animal protein.
Mexico now has a solid resource base from which to develop a modern
poultry and lvestock industry.

This process is jush beginning in Asia, but we can anticipate ad-
vances in at least some countries to match the Mexican performance.
The breakthrough in. cereal production in Asia is oceurring first in
wheat, as illustrated by the striking gains in both Pakistan and
India. In these two countries, it is only %eginning in rice, the leading
staple, and other cerezls. The countries achieving the greatest ad-
vonces in rice produced per person thus far are Ceylon, Malaysia,
and the Philippines.

TABLE 6—PRODUCTION OF SELECTED CEREALS IN SELECTED COUNTRIES (POUNDS PER PERSON OF
TOTAL POPULATION)

Pakistan— Ceylon— Mexico—

India—Wheat Wheat Rice All cereals

83 &7 201 495

55 83 196 496

59 87 213 925

51 86 218 546

46 83 213 Bil

56 90 130 639

b T 46 71 183 #9

L 193 80 216 655

L - 76 116 247 630
| 80 121 0] O}

1 Not avarlable.
Soyrce: U S. Department of Agriculture,

But rising incomes, while essential to the elimination of hunger
and malnutrition in the poor countries.in the long run, are not adequate
to the immediate task. Protein hunger is much more costly to elimmate
than caloric hunger. The average North Aimerican uses some 1700
pounds of grain yearly, less than 10 per cent .of which is consmmned
directly as bread, pastry and in olher forms. The remainder is con-
sumel indizectly in the form of meat, milk, and eggs. This contrasts
sharply svith the average person in the poor countries, who has only
400 pounds of grain, nearly all of which must be.consumed directly to
leep body and soul together.
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In the past, diets improved signiﬁcantléy only when grain sipplies
began to exceed direct consumption needs, leaving large quantibies
to be converted into high-protein livestock products. But this is a costly
way of achieving high-quality diets (see Figure 8). If cereals could
‘be reengineered or fortified so that their protein guelity approached
that of livestock protein, the cost of achieving high-quality diets
could be greatly reduced. There are many ways of doing this, including
the deve'fopment of high-protein cereals, fortifying with synthetic
amino acids and many others,

FIGURE 3

GRAIN USE LADDER
(Pounds of Grain Used Per Perscn Per Year)#®
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*Includes grain used for food, feed, deéed,

and industrial purposes. .,

Source: U.S. Department of Agriculture, Data For 1959-61.
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Plant breeders, biochemists, food technologists, and microbiologists
are responding to this challenge. With the new seeds and other ma-
terials to work with, they can hope to achieve an adequate diet with the

, resouices available in the poor countries. New technologies just com-
ing off' the drawing boards will have a major impact on nutrition
_during the 1970, ‘ :

Assuming leadership - . .,

- » For the:first time in historly, it is realistic to considerithe eradication
of hunger for the overwhelming majority-of mankind. Breakthroughs
in cereal production and themew food technologies make that a realis-
tic, attainable objective, particularly if the United States were to take
the lead in s new worldwide effort. Such an objective would remove
the pall of indifference and disillusionment that recently has come to
characterize American attitudes toward the world, and.to restore
the will and the generosity that made our grest contribution to the
agricultural revolution possible. It would show the world thet we had
not Jost confidence in ourselyes or in those abroad who so desperately
need help. i ! . .

At present, the average diets in the poor countries, whi¢h contain
more than half of the world’s people, are deficient In calories and
protein. But enlightened agricultural policies, new food and agricul-
tural technologies, and intelligent employment-crepting programs
should malke it possible to bring the average diet for virfually every
country above- the nutritional minimum by the end of the seventies.
This would eliminate most|hunger and malnutrition, leaving only
fringe groups to be reached by special efforts. i

A. decision by the United 'States to provide leadership in o global
effort to eradicate lumger is'not so ambitions or so inconsistent with
&remous efforts as it might scem at fivst: Shortly after World: War IT,

¢ United States decided thit it would use its food resonrcesito avert
famine wherever it threatened. As a result, the.world has rot expe-
rienced s massive famine singe the one in Bengal in 1948, Even when
this policy meant that more of the American whest ¢fop would be con-
sumed by aid recipients abroad than by the Americen people at home,
as was the case in 1966 and 1967, it was nonethelesstigidly adhered to.

" . It wasnot beyond the resolirces of the American-economy to assume

the responsibility for avoiding famine. Nor,"in the light-of today’s

much greater knowledge and resources, is the-goal of eradicating

hunger on a global scale impbssible to attain. | L. opem T

Turning these objectives mto an operational ;plan.requires that each
country with a nutritional ddficit develop.anational strategy-embody-
g the entire range of new agricultural’and food technologies, includ-
g the use of high-yielding, high-protein seeds; more extensive use
of fertilizer;.the expansion-iof poultry and livestock industries; the
manufacture of high—_prot-e;n;foogs from vegetable soirces; and fortifi-
cation of food with vitamins,iminerals, and esdential aminoacids.

The poor countries will need help in fashiching such plans, and the
United States is uniquely qualified to provide it. The globa} research
network in agriculture is financed and girected in large part by Ameri-
can foundations, and the largest and best-equipped multinational agri-
business corporations are based 47 the United lélga,tes. Furthermore,_the
United States Government employs a greater pool of professional com-

n
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petence than exists In any other country or international orgamzation.

There is no worthier goal for America’s international-assistance
effort in the seventies than the conquest of hunger, and none more
urgent—not because hunger is more widespread today than in the past,
but because it has become so nnnecessary. If we were not able to save
Ana Ruth’s brother in the situation deseribed earlier, Ana Ruth her-
self was saved, and millions more like her can be saved. The eradication
of global hunger is an exciting objective, one that the American people
can identify with and support with enthusiasm.

E'mployment and kunger

Eradicating hunger means inereasing the over-all supply of food,

and we know how to do that. But, as we have seen, it also means ex-
anding employment and raising purchasing power so that food is
istributed evenly enough among the population to eradicate hunger.

Ermployment is the key here. The population explosion makesit cer-
tain that the number of young people entering the labor market will
rise sharply in the seventles. If these entrants have no way of earning
an income, they will serve to perpetuate the legacy of hunger and
mamutrition. ]

Finding productive employment for these millions will tax the re-
sources and ingenuity of the poor countries. It is dangerous arrogance
to claim that Western experience offers much guidance in this situa-
tion. But the rich countries and the poor countries can work together
to learn how to create more room in modern society for those who are
clamoring for a place. After all, this is a problem common to-both rich
and poor nations. ’ o

We in the United States are not experts on the economics-of labor-
intensive activities, but this does not mean that we cannot help. In-our
‘assistance programs, for example, we can encourage selective farm
mechanization and intensive cropping, because both are job-creating
phenomena. At the same time, we can try to discourage the wholesele
mechanization that displaces labor on a vast scale. We can provide the
finaneing necessary to maintain adequate supplies of fertilizer, and we
can help to establish the marketing, credit, and extension services -
needed to make modern labor-intensive agricultures possible.

Most important, we can adjust our trade policies so that they encour-
age the momentum of the Green Revolution rather than, as is often the
Case 10w, threaten to bring it to a halt. Trade policy should perhaps
have pride of place on our agenda for the seventles, sincs trade pro-
vides 80 percent of the foreign exchange available to poor countries.
It 1s adso plreferable to even the most sensitive assistance program,
because it lacks the unpleasant psychological overtones of the aid-
doner relationship. Tt has still another attfaction in that export.earn-
ings from trade do not have to be repaid as does foreign aid, most of
which consists of loans, For these and other reasons, trade is likely to
be the basis of a confrontation between the rich and poor nationsin the
seventies. X

IX. THE RICH-POOR CONFRONTATION -

The confrontation between poor and rich countries on the question
of trade must be put on the agenda simply because.it is the inevitable
result of historical forces already in motion, the culmination of cen-
turies of evolution in human rights. In addition, as surpluses of cereals
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accumulate In poor conntries, there will be inereasingly strong political
Pressures on rich countries to open up their markets to fair competi-
tion. Jobs will be at stake, jobs that this poor countries simply canuot
afford not to have; Tqually important, national pride will be at stake,
because if the poor countries are not allowed to earn their way in the
markets of the rich when they develop exportable-surpluses, they will,
conclude that the rich countries are attemptihg to perpetuate the
dependent relationship.

The trade confrontatioir In the seventies promises to be much more
serious than in the sixties. The Kennedy round of tariff negotiations
in the sixties was very much of, by, and for the rich countries, paying,
only lip-service to the needs of the poor couniries. In the seventies,
thanksin large part-to the Green Revolution, the bargaining position.
of the poor countries will besmuch stronger and: their argumentsmore,
persnasive, They will also-he more militant becanse-so much more avill,
be at stake., R - T

"Fhis trend is already becoming apparent.. The gathering of Repre-
sentatives-of the 21 Latin Amercan republics assembled at Vina del
Mar in June 1969, produced a unanimous list of demands for Ameri-
can action to correct existing inequities in our economic relationshins
with our sister republics. This list, presented to President Nixon by the
Chileanr Ambassador in Washington, was but the first salvo of a battle
that promises to dominate international relations in. the seventies.

« A recent remark by President Suharto of Indonesia further indicates
the growing tendency of poor countuies-to. challenge the discrepancy
between America’s rhetoric.-and its adtions, in setting national: pri-
orities. As President Nixon and his entourage, basking, in the-light of
the Apollo 11 moon landing,-were leaving, Indonesia, President
Suharto, paraphrasing astronaut Neil Armstrong, commented: “A
great leap; for.whom#” He was clearly implying that conditions in.
Indonesia. had- not been improved.by. the uccomplishments of ithe
Americar; space. program. Fhe human condition in Indonesia had
not been bettered. in £he least. ;

" The poor countries will probably find many more allies among
the: rich in the seventies than they had in._the sixties. Corporate
leaders, bankers,,and. consumers, in the United: States andielsewhere
are Increasingly calling for liberalized trade policies in-the national

self-interest. As the £ull-cost.of trade barriers in agriculture and of .
discriminatlon against the poor countries becomes clear to. more con-
sumers in the rich countries, and as these bapriers add to the infla-
tiongry .spiral, the posdibility emerges' of.ze-enacting debates like
that over England2s:Corn Laxws awentuny and a quarter ago, thistime.
1 Europe and Japan. In theUnited States,.sugar could be the focal
issue. As the number of farmers.and related special. interests-declines
inv the industrial countries, politicians there willbe less willing 4o ask
the consumer to pay high'prices.to:protect uneconomic farm inferests;
there swill be more and more pressuresto adopt policies.to provide food
at the lowest possible cost. :

One can imagine, forexample, vociferous objection to the policy of
setting sugar prices so as to support the beet sugar industry in the rich
countries. ‘Sugar can'bé produced-at such advantige (less than half
thie *cost) -1n- tropical and" sqbfrop[ical climates that it is difficult’ to
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justify protecting the beet-sugar producer from international com-
petition. Yet virtnally all the rich countriés do so. Our own methods -
of protection are especially capricious. By establishing quotas for.,
several tropical-stigar producers in our, markets, designed: always to
protect beet-sugar growers here at home, we have involved ourselves
il the political fortunes of other countries in ways that defy any
acceptable definition of national Interest. These quotas are set largely .
by the Congress with the aid of some of the best-paid lawyer-lobbyists

in Washington.

Expanded trade, not only in agricultural products but in Ilabor-
intengive manufactures as well, in the long rnu not only is to the
benefit of both rich and poor conntries, but also 1s the only satisfactory
substitute for continued finaneial dependence by the peor. And with-
out expanded trade, there is no realistic prospect that enough jobs -
will be created-in the poor countries in the'seventies to prevent vio-
lent social upheavels. Insofar as expanded trade grows out of the
Green Revolution itself, it promises to bring greater benefits to the -
countryside than any amount of financial =id could do.

Sharing the burdens of overproduction

‘Poor countries may find in the seventies that they can effectively
divide the rich countries in o confrontation over trade policy. Since
World. War TIT, the United States has almost single-liandedly assumed
responsibility for stabilizing the international market in both. wheat
and feed grains by diverting a large share of its swwheat and feed grain.
land into nonproductive uses. With almost-certain prospect that global. «
overcapacity in these and other cereals will grow 1n the seventies, the
time has come to ask whether the American farmer and faxpayer
should continue to. shoulder this burden alone or whether it might be
shared with other rich countries, many of whieh are not contributing
to the surpluses. : -

At an earlier time, the American.economy was the only one wibh
the resources to take productive land out- of cultivation 1n order to
prevent gluts on the world market. Today, the United States diverts
up to 50 million acres, nearly one-seventh of its crop land, for just
this purpose: The-time has come to ask other countries to assume
some of the responsibility in the name of carrying forward the agri-
cultural revolution. Ce . A

The agenda for the seventies must include. a. conference, perhips *
convened. by the World Bank, of all the righ: countries, desigred to
work out a plan for sharing the-excess productive capacity. If the
trade confrontation between the rizh and.the poor-is to be resolved
constructively, this is a minimum. stecessity, and an urgent ohe. While.
governments have been unwilling to.do this until now, the problem is
becoming too pressing fo delay, durther. The focus of the conference
should Pe on ways.of helping the poor comntries to enter world-mar-
kets with their new.agricultural production-on & comipetitive basis. -
The substance of, the conference.should.be g resélution on the-part.of -
thé rich tounfries-to adopt.policies designed toprovide food fortheir -
people at the Jowesh price possible. e H ‘

The mechdpics of such a burden-sharing plan would not besdiffi- -
cult. Wehavedad some, experience.in determining, internationzlly, the

.y v
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amount of excess acreage that is being planted each year to a given
crop. The amount taken out of production could be prorated among
the rich countries, perhaps according fo some established formula,
such as the one used to defermine contributions to international orga-
nizations:like the World Bank and the International Monetary Fund.
Diversion of the excess land to nonproductive uses could be left u
to each country. The problem of restructuring world trade in agricul-
tural products is certainly no less urgent for the rich countries, bedev-
iled, as they are by the task of managing inflation without curbing

rowth. And' an agreement to share the burdens of excess cereal pro-
guction would show a renewed interest on the part of the rich in the
problems of the poor, as well as one another’s problems.

An example: Japan and the rice market

The international rice market provides a good example of the prob-
lems and the opportunities involved in trying to share the burden
of excess. cereal capacity. The world rice market is very sensitive to
changes in market conditions. It appears to be headad for a difficult
period with the amount of rice available for export at anything
approaching a reasonable price almost certain to greatly exceed im-
port needs. "The question is what to do about it. _

dapan is the only country in a position to avert a major collapse
i the world rice market during the seventies. I is the only large,
high-iricome country that consumes rice as its steple food. The United
States is already holding & sizable portion of its rice acreage out of
production and will probably hold back more in the future, but ever. so
weo cannot affect the world situation to the same extent as Japan. With
an internal support price of $420 per. ton—mnearly triple the current
world-market price—dJapan is perhaps the most sericus violator of the
lawws of comparative advantage of any cereal-producing country. Not
only is Japan no lopger an importer, but it is now subsidlzin% exports
of rice, thus severely depressing prices in the world market for coun-
tries that must make their living from rice exports. o

The. Japanese rice market, once open to imports from East Asia, is
as closed to the outside world today as was Japanese society itself prior
to the visit of Admiral Perry a century ago. But rice isthe lifeblood of
most Asian economies. Should the bottom fall out of the Asian rice
market, as the cessation of hostilities in Vietnam brings a reduction in
the flow of economic resources into the region, development in South-
eask Asia could be seriously set back,

Fortunately, several economic factors in Japan foday indicste that
the policy of raising internal rise prices ever higher may be nearly
bankrupt. Inflationary forces, spurred in part b rising rice prices,
are becoming stronger. Unem%)loyment is virtually nonexistent and - -
labor shortages are acute. The Iabor situation-could assume erisis pro-
portions owing:-to the record nuinber of new jobs created by g, sustalned
" “economic growth. rate of more than 10 percent yearly,-and to an im-

minent precipitous decline in the number-of young people entering the
labor force as'a result of a sharp drop in birth rates d%ring the early
fitties. The alternatives might then be to liberalize farm policies,
releasing ‘some of the sizable farm-lahor foreé for non-farm em loy-
ment, or to import laborfrom other Bast Asian countries. One can ope
that Japan will opt for the former course.
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Japan’s great and growing stake in trade and investment in South-
east Asia is also a reason for hoping that Japan can be persuaded to
take the lead in sharing the burden of excess rice capacity. The coun-
tries of Southeast Asia are precisely the ones that should be exporting
rice to Japan, and each currently has a large trade deficit with Japan.
This is a classic example of how countries can benefit from trade
Itberalization. Japanese payment for rice imports from the East Asian
countries would enable them to buy more of Japan’s industrial prod-
ucts, and Japanese consumers would benefit from cheaper rice. )

The United States has little leverage over Japanese policies at this
time. We want and need Japan as an active political and eventually
military partner in East and Southeast Asia, but the Japanese are
warning us that neither is possible in the immediate future. The Japa-
nese are looking for a new relationship with us to replace.one that they
have come-to regard as subservient. Even trade.relations between our
two countries have become strained as 2 result. )

An appeal to national seH-interest might succeed in persuading
Japan to shave the burden of excess rice capacity. The Japanese do
not want to rearm; they would rather conduct their relations with
their Asian neighbors by expanding trade and assisting regional de-
velopment. Japan could make no greater single contribution to these
ends than to assume primary responsibility for stabilizing the world
rice merket. And surely, suck a step would serve American and Japa-
nese interests better than pressing Japan to rearm.

X. RRORDERING NATIONATL PRIORTITES

It would be nice to be able to conclude that all that is.necessary to
stistain the momentum of the agricultural revolution is for the United
States to persuade Japan and Europe to shift their priorities away
from agricultural protection toward providing food at the least pos-
siblé cost. Buf the real weight of the agenda for the seventies nust
rest upon the United States. Many nations are rich enough to follow
purl:lfead, but none is rich enough or big enough to take the leadership
1tself.

The American people.are in a period of deep soul-searching.. Dis-
cusslon in the press and in the Congress reflects widespread concern
over national priorities. The Vietnam war is just one reason for this
concern; the problems of our cities and of our minority groups are
the problems of a society that has grown very sich but is'still in many
ways undeveloped. These are fundamental causes of our discontent.

ere seems to be growing consensus that we have been spending
too much on “foreign policy” as opposed to “domestic policy.” Ad-
herents of this view cite-the fact that $82billion in the eurrent federal
budget is appropriated to maintain & vast armed force,.to encourage
weapons development, and to mainfain a network of some 400 militery
mstallations abroad. However, it is less well lmown and more fre-
quently ignored that we are spending only $8 billion on eeconomic
and tfechnical assistance and on food aid. Even this figure is
declining, Any reassessment of foreigm policy should start with an
exploration of-the allocation of resources to our role as world police-
man ag opposed fo our role in world development. Insofar as the
Vietnam war has blurred the distinction between these two roles, it
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has made a reassessment of national priorities in the foreign-policy
areadnfinitely more difficult. — _

Wo cannot ignore the.demantds of our-security in a turbulent world.
But this does not mean spending more; it may mean spending a great
deal less. We must begin“with some definition of our-role in the world
that fits our.national mterests, bearing in mind:thatit is becoming more
and more diffieult to separate the national from the -global mnterest.
This division of Tesources must be more consistent with the-world as
it is in the.seventies than with the world as it-was in the cold war era,
an era ‘tliat. Insted through the sixties, long after the Communist
monolith assuch had eeased to exist. .

Our foreign policy, our relations with the world of today, must
recognize that the future threat to peace and stability is increasingly
poverty, not Communism. The opportunities-to fulfill onr role as a
participant in world.development will be much greater in the seventies
than n the sixties. ‘At the same time, the need to fulfill the police-
man’s role could be much less, particularly if we fulfill the develop-
ment role. .

In large part, the new opportunities grow out of the agricultural
revolution. Just as in the sixties we learned how to help others expand
food production, so in the seventies we can learn to help others create’
jobs. But this will take more resources for-aid, not less. ’

For many-years, the conventional rule for determining, a just contri-
bution of public assistance and private investment to world develop-
ment trom the rich countries Has been 1 percent of GNP. The Pearsoh
Commission, in reafirming this objective, argued that T0 percent of
that contribution should be in the form of official aid. That would
require, for the-United States, a foreign-aid contribution on the order
i)f $18 t0-$10 billion a year during the seventies, at least double today’s

evel. .

There are many ways in which such. a contribution could be made:
through bilateral programs, multilateral development institutions, .
trade-and invesbment subsidies, and the like. But these are details. The
first question in reordering national priorities-in foreign policy should
be: Can the United States and the other rich nations continue to pro-
gress and. prosper-in & world in_which the gap between rich and poor
is rapidly widening, and in which the rich are becoming an .ever-
smaller mipority? Surely the answer. can .only be no. The problems
in the poor countries—hunger, unempleyment,, technological change,
and attendant’social turmoil—are sufficiently alkin to. our own pl‘(%)-
lems to command. af, least thissinancial expression of our concern. Per-
haps if »ve had not done so much. to master the problems of food pro-
duction, we could conclude ophersvise. But.we succeeded, and we must
live with our success. .Now, the clamor for jobs is' replacing the
clamor for food. If sve-do.not persevere, the successes of the past will
be ‘auickly-undone. R i

The significance of the breakthrough in eereal: production goes far
beyond agriculture. It is meaningful:becanse it represents-at least the
beginning-of.a solution to-the problem of hunger, which untilwecently-
wag regarded as;nearly insoluble. -

Only a few years ago, if, wis chnsi’dére.d highly, ]ln].i.kelj;, if not dm--

possible, that most of the additional-food needed .woultd be produced
in the hungry countries themselves. -Earmers svere largely illiterate,
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widely dispersed geographically, and apparently not susceptibie to
new ideas. Yet the breakthrough oceurred, We learned to combine
policies and technologies, and got agriculture moving.

The problem now is to keep it moving. Otherwise, the farm break-
through will aggravate the job shortage and accelerate the exodns
from the countryside to the already overcrowded cities.

The agricultural breakthrough is significant, not just for itself, but
because of the possibility it raises of transferring new techniques and
technologies in other areas, such as education and family planning.
Recent advances in the rice paddies and wheat fields of the poor coun-
tries may usher in a new era in international development as well as in
world: agriculture. .

Thus the new seeds promise to improve the well-being of more peo-
ple in a shorter time than any other single techmological advance in
history. They are replacing disappointment and despair with hope.
For Literally hundreds of millions, they can be the key to the door
opening into the twentieth century. But that door will open only if
a sustained effort 1s mounted by the rich and poor countries together.

Mr. Brooarrrerp. Thank you very much, Mr. Brown, for those in-
teresting observatious. I would like to make one observation; that I
dou’t question this idea that we have got to rearrange our priorities,
I think 1t also holds true that other t(-:.’leﬂfc-:lopil‘ng nations around: the
world have the vesponsibility, too, and I think if we once can get some
of these other countries to assume some of the military portions of
defense of the world, we will be a 1ot better off. . .

- I think that this is a two-way street. I think everybody has their
proportionate respensibilities. We have got them in, our own coun-
try, too. I want to introduce what I consider one of the finest Members
of Congress in the agricultural field, one of the experts that many of
us];ook?to, and that is Paul Findley, to introduce the panelist.

aul? ,

Mr. Fixprny. Thank you very much, Bill. I hope everyone here to-
day has taken note of the fact that-hoth Mr. Brown and myself chose
sutts which are in keeping with the theme of the day, the Gureen
Revolution. | :

Taking advantage of my opportunity here, I will express-the hope
that before our discussion is over, in addition to expressing some
agreement with Dr. Brown’s comments, T hope his suggestions about
more supply-management here at home, and in the international: field
in terms of individual commodities willbe challenged by someone, and
I yill stand by in case Tam needed.

INTRODUCTION OF DR. BERNSTELN

Wehave three on the Panel today. The first gentleman is Joel Bern-
stein. Because the clock hand is moving around so rapidly, 1 won't
read all that Fam sure is in front of you mn'the way of a biography, but
I believe that Dr. Bernstein is living proof that there is continuity in
our AID program. o '

If he had not been with ATD since the year 1, he has at Teast béen

there since the year 2, or 3. His experience in this program covers 21
years. ) -

- 1
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We are glad that the program has been continuous all of these:
years, and that even though it has not been authorized for the mulki-
year periods, which many people would like to see done, myself in-
cluded, it. has indeed attracted some first-class people and kept them.
Dr. Bernstein is an example of that group..

INTRODUCTION OF MR, DENNISON

The second man on the panel is Charles S. Dennison, vice president
of the International Minerals & Chemicals Corp. He 1s & member of
the President’s Science Advisory Committee Panel on World Food
Supply, o trustee of the Agricultural Development Council, and has
imdél wide experience in management and trade on the international

evel.
INTRODUCTION. OF DR. PADDOCE

The:third member of the Panel is one very familiar to members of
the House Foreign Affairs Committee, hecauss copies of his chal-
lenging book, “Famine 1975 1’ were distributed to each member of the
committee during our consideration of the foreign aid bill about
2 years ago.

This provoked a lot of nterest and discussion. He and his brother
have authored mot only that book but a book entitled “Flungry
Nations.” i

Dr. Williem Paddock has been the source of advice and counsel and,
T amn sure that we will all find his ideas challenging and somewhat dif-
ferent in their thrust than some of those expressed here today.

T gness, Mr. Chgirman, you wish the Panel members introduced in
the order in which they appear on the Panel. So T will turn first*to Dr.
Bernstein.

Mr. Zasrocer. Thank you, Mr. Findley.

You may proceed, Dr, Bernstein,

Mr. Fworey. Thank you, Mr. Chairman.

STATEMENT OF DR. JOEL BERNSTEIN, ASSISTANT ADMINISTRATOR,
AGENCY FOR INTERNATIONAL DEVELOPMENT, WASHINGTON,
D-G' . "

Mr. BerxsiEin, Thank you, Mr. Congressman, and members of the
committee, the symposium, and ladies and gentlemen. : )

Mr. Findley, when I joined this program in 1948 in Europe where I
was when it started, it seemed to me that it would be a very good:
thing to do for & year.

But I must say, and I think that this is true

P T

portunities have arisen.to-do-other-things, when we ask ourselves how
. we-wwillfeel Tl terms of the personal satisfactions, it is hard to make

the shift,
I think that says something about the program itself, despite the-

many problems, occasional frustrations and so forth.

EEY ROLE OF AGRICULTURAL TRADE TQLICIES

Mz, Chairman, turning to Mr. Brown’s presentation, I wouid agree
with his stress on the key role that the agricultural trade policies of’

of others; that, as 6p-
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the developed countries must play in carrying forward in the seventies
the positive developmental results of the Green Revolution.

These policies will determine, perhaps mors more than anything,
whether the potential gains will be realized. The potential gains in-
clude lower cost food, and therefore, higher living standards for poor
people in the developing and developed-countries.

They include shifting of produective resources from uneconomic
uses in high cost agricuiuraal production to uses that will contribute
more to national welfare, and an accompanying mutually enriching
expansion of trade between the rich and poor countries.

They include reduction of the inflation that has plagued developed
and developing nations. And they include the social and political
gains to which Mr. Brown and earlier speakers have referred.

At the same time, the new economic prospects opened by the Green
Revolution call for vigorous actions in the developing countries if the
potential gains-are to%)e fully realized—actions along lines that have
been brought out by the other speakers. ‘

Helping to induce and support appropriate action there is, of course,
the concern of our economic assistance programs and of the multi-
lateral assistanee programs that we support.

Much can be done to further three closely linked developments, al-
ready discussed in some detail, that will simultaneously increase de-
veloping country welfare and reduce the scope of the worldwide ad-
justment problems viz: - ) . )

Tncreasing the effective demand for gain in the developing
countries; .

Diversifying their agriculture and ;

Improving the nutritional quality of their diets.

JOB AND 'LABOR-INTE-NS;WE FARMING

I agree with Mr. Brown and others’ observations thai the key to
higher effective demand for food is more jobs in the developing coun-
tries to produce higher income. Some increased rural deiand for
food is self-getierated by lhigher production. But the major income
and job increases must come from develpping more labor intensive
types of agriculturé including production of high protein crops, and
livestock; from increased rural public works such as local irrigation
and drainage facilities and farm to market roads; and from the.expan-
sion of nonagricultural etnployment. )

Moreover, a rapid expansion of neiv jobs will be needed simply to
avoid the tremendous social and political disruption of rapidly rising
unemployment as the developing countriés face the prospect in the
1970’s of & rapid increase in the annual number of new entrants to
the labot force, ] - C e

1t is estimated that during the decade of the seventies, the met
increase in the labor force of the less developed countries (excluding
mainiand China) will be about 165 million—a 25-percent increase.over
the estimated 1970 Iabor foree of about 650 million.

" This compares to an estimated 117 million net inerease in the labor
force in the 1960%, The same projections anticipate & net labor force
increase in these developing countries of about 525 mwillion ‘in the two
decades 1980-2000. ’
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"Fhose who will enter. the labox force in the 1970%s are already born,
so that programs to reduce the rate of population increase cannot-affec
“this employment problem during the next decade., :

-

BUILDING DETTER DMAREETING LINES

Measutes -are also needed to build better marketing Iinks between
food on the farm and in consumer’s hands. These have a dnal effect
in increasing effective demand for the increased ontput from the
_Green. Revolution. They provide access to larger markets: and -also
create jobs and income that increase total demand for food. Here 1s a
major role for the private sector. Some of my colleagues-on this Panel
may ,wish to. <iscuss further the possibilities .and benefits of. action
_in this sphere. .o :

Action along ‘the various lines that I have indicated will also help
deal with another problem emerging from the Green Revolufion—
the fact that large masses of farmers are being left out of the prodne-
tion advance, particularly small farmers and those in physically less
favored areas. . .

‘Unless something is done to enable them to participate more fully
in expanded rural production, their relative position will grow worse
and ;perhaps-even their absolnte position.

This could spell much trouble. The labov ereating activities that I
have,stressed particularly favor the small farmers. Other measures
needed are to steer techuological advances in divections that will help
the farmers left behind; e.g,, by developing dmproved crop varieties
and practices that thev can anply, and to improve theextension co-on
credit complex that is needed to support more effective participation
in agriculbural advances by small farmers.

Moreover, as others have bronglit out, the develoning comntries need
a mch greater capabilitv to develop agrienltural technologv suited
to their local requirements if they ave to sustain the ferward throst
-of the Green Revolution. And finally, they need well-trained people
to discharge the many functions that I have mentioned,

The types of action to help farmers to which I have referred will
also help to moderate still another problem that mayv reach critical
proportions in the 1970%—the extremelv rapid and helter-skelter
growth of cities in the developing conntries. I will mot attempt to dis-
enss that problem todav, excent to.note that it will require much at-
tention:from development assistance agencies.

NO TRUE -GRAIN SURFLUSES

‘While there may well be-serious probleins in the 1970% in achieving
orderly marketing of rapidly expanding-grain production, if we take
a Tittle longer view we must recognize that we are not really able to
envisage true grain surpluses—at least not-vet. . A

First, there iz the present hunger problem to overcome, as M.

_Brosm. and others have stressed..But we all know that, there will-also
‘be an unprecedented inerease in mouths to feed—about 25 percent
more bv the end of'the century. . . . R

And that is ot ¢ll. At ‘higher per capita income leyels; the average

food grain consumption of the world’s population wiil be higher than
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at present, if the food is a.vaajlal')le,qand there will be great increases in

grains fed to Hvestock.

All this does not, however, detract from the urgency of the world
trade policy probiems that Mr, Brown has highlighted. To realize the
potential for expanded domestic production and-use of grain will re-
quire that a modest proportion be exported to earn. foreign. exchange
needed to sustain a high rate of overall economie growth.

So the answer is not simply greater domestic use. Unless world
trade patterns in grains and other agricultural products can be ra-
tionalized over the next decade, the expansion .of production and in-
come in the developing countries will be held back seriously, less prog-
ress will be made in reducing world hunger problems, international
tensions. will be exacerbated, and the exports and real income of the
developed countries will also.ba less.

NEEDS OF THE. FUTURE

To sum up the needs of the future, as expressed thus far, we have
observed that the developing countries need to—— :

Sustain the agricultural production momentum. of the Green
Revolution, as an indispensable component of their overall
developmerit;

Diversify and rationalize their agricultural production patterns,
in harmony with a rationalization of world trade patterns in-agri-
culbural commodities; )

(Greatly accelerate the creation of new jobs as an integral part
of the foregeing developments ¢and also outside the rural econ-
omy).; .

St.)rengthen their capacity to generate technology, trained peo-
ple, farmer service institutions, and suitable rural development
strategies to support the foregoing trends.

Mz. Chairman, m thinking about the future, it is appropriate to
recognize that these are all needs that can be addressed in varying de-
grees by our development assistance programs, wherever the respon-
sible anthorities in the .developing countries are making a strong self-
help.effort and want our assistance.

AID’S CONTRIBUTION TO AGRICULTURE

As you know ATD and its predecessor agencies have always put
heavy stress on the development of agriculture. In the 5 most recent
years, 1965-69, direct ATD assistance to agriculture has been $2.5 bil-
Jion or about 24 percent of the total program.

"Moreover, agricultural growth is dependent on .development of the
economic infrastructure “and other economic sectors supported by
ATD’s program. )

Out of $63 million approved for research projects over the period
196568, $23 million or 36 percent went for agricultural research. In
fiscal year 1969 ATDr has 57 agricultural projects-being implemented by
U.8. universities, representing 80 percent of the total value.of the
A gency’s university contracts. .

‘With hindsight and the benefit of experience, we can see that this
assistance often was not as effective as it could be. But much.of it was
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highly effective in building the institutions.and traihed manpower
that are indispensable for sustained sgricultural programs,

There is a connection, for example, between the programs of ATD
and other assistance agencies, an the estimated 98-percent higher
grain yields In the developing nationsin 1967 compared o the 1948-52
average, not-to speak of the yield jumps since then.

Now weknow how to do better, L

AID REORGANIZATION : TECHNICAL ASSISTANCE BUREAT

The Agency has recently undergone some reorganization in ‘order
to— ' ,

Increase its-ability to identify the key problem areas impeding
broad:scale advance, in agriculture and other.critical sectors, for
developing country growth and modernization; :

Mobilize the best U.3. brainpower and experience to work in
depth on these key problem aréas; - . o

Follow through with the necessary problem solving activities
over thetimespan needed to get effective results. : _

That is the core task of ATID’s new Technical Assistance Bureau. We
also hope to apply our experience in technieal assistance so as to im-
prove agency methods of working with outside orgahizations who
carry out projects for us, and with our colleagues in'the public and
private sectors in, the devéloping countries. o

The need for continuity of approdch and sufficiently longtime per-
spective in planning. and implementing technical assistance activities
has been stressed in-just about every study of this-subject, much as it
has been stresséd here today. These are'iteeded not only to design and
execute .sound activities, but also to justily the investments in build-
ing the Imowledge arid personmel capabilities that are essential for
-good technical assistance work:, . .

To be effective, technical assistance must influence the attitudes, per-
ceptions, nigtivations, and ways of doing things of the peoples of the
developing ountries. It must help them to create new and lasting in-
stitutional capabilities thatwill enable them to petform for themselves
the developmental functions that ark ‘tssential for their own progress.

This is a complex and Iong-term"task. Tt cahnot be done well on a
short tether, or when beset by the intrusion of short-term political
factors. AP e
. "SUGGESTED GOVERNMENT ACTION .., ., i

Thus, to pick ip Hie themes introducéd ednliet"by M. Freeman, Dr.
Hardin, add Dr. Mosher, T would make the personal,suggestion that
your symposium lead to a recommendation’to the Congress and-ad-

. inistration that development assistamee be provided with a legislative
-and-executive base that récognizes it for what it is—a highly gerrgand-
ing professional activity essential to the U.S. interests in the estab-

”

lishment of a compatible world environment, that requires a stable.and
long-term legislative and organizationa mandate, .. , '

With such a mahdate, Mr, Chalrman, we could improve our con-
tribution t6 amgliorating the problems of ‘the 1970’s discussed today,
and to the broader range of purposes of our developinent assistance
program. :

Thank you.
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Mr, Fivprey, Thank you very much, Dr, Bernstein.

One small, but I think, notable, step toward that goal was the
establishment of the agency that you now head, the Bureau for Tech-
nical Assistance.

I think it does show some increased and proper recogmition for
this responsibility and I-congratulate you on the leadership you are
giving that new Bureau. . .

Next, Mr. Charles S. Dennison, vice president of International
Minerals & Chemicals Corp.

STATEMENT OF CHARLES S, DENNISON, VICE PRESIDENT, INTER-
NATIONAL MINERALS & CHEMICALS CORP., NEW YORK, N.Y.

M. Denx1sox. Mr. Chalrman, I open by referring to Lester Brown’s
talk about priorities. I know this House and its sister body are examin-
ing the Nation’s role in world affeirs, I submit that when we consider
bow the United States exercises its power we immediately think of
force as the ultimate expression of power. Thereis an option to force,
an. option that does not replace force but can supglement it, effectively
in foreign policy. That option is the exercise of power by peaceful
example, by influence, by accomplishment,

At this rather sad moment of history, when by a vicious irony of
fate our national character is darkened by the Songmy incident, the
Nation might well examine the importance of this policy option.

The Green Revolution and all that went into it expresses that
option. It is creative and it is making a major contribution to one of
man’s-most aggravating problems. It expresses the best of the Nation.
The moral authority of the United States is an imperative of world
order, not beeause of any chauvinistiec thrust, but simply becaunse there
1sno one else to exercise ib.

Therefore, I believe that the best side of the Nation, the side that
expresses its creative genius, is represented by the Green Revclution
and the many things that we have been discussing today. I submit,
My, Chairman, that this is a most important element in American for-
eign policy.

Moving from policy, one point that has emerged clearly during
today’s seminar is the nature of our splendid pluralistic society., We
have seen that the Green Revolution is the resuli of a productive
interplay between science, private foundations, legislation of this
Congress, industry, and educational institutions—in effect, of the
Nation.

I hope we keep in mind that it is this interplay, this freedom to act
Ot & proper course, this sense of duty, which gives the Nation much of
its strength.

My specific area of interest is the one that Prof. Ray Goldberg in-
Eepfévely called agribusiness some wyears past. I will touch on if

viefly.
THE LIMITS OF AGRIBUSINESS ACTIVITY
First, T must call attention sharply to the limits of agribusiness

activity. There has been & tendency to assume that the agribusiness
community, which has been so effective in the United States, can auto-
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matically play a similar role abqut-the warld: Possibly-it can, in. due
conrse. It 1s:doubtful if itawillsin theshort termu. One oftheimmediate
reasons is thatstlie .private sector depends upon. profitability for its
performance. and agriculture in the developing nations.has mob been
that profitable. . - o '

. The ‘Green. Revolution introduces a -new 'element sof productive.
potential, but the caution stands, Agribusiness ismot ashorteut and its
role must be €xamined: carefully. R oot '

In questioning the role of agribusiness 1t-is clear that the various
private communities of business, the social scientists. the physical and
nitural scientists,ithust trorle ogether. A's a'sortof Honprofessional.
urclrin from theprivate sector Tmeet frequently with niy Friendsand
colleagues in learned groups. I often discover that they arve deeply
engaged! i matters that are of critical impertance. to.whit iwe'in the
private industry aredrying to.do: But-we do not talk to-each ofher as
a-matter-of course. Thisis not deliberate, it israccidental,;and 1 beliéve
it must De-owércome. In-specific terms, what we heard today about the
Green Revolution was the. result -of wwhat the natural scientists
achieved: in' plant geneties-and srhat~the social scientists have been
programing‘and teaching. As o final step, -agribusiness-may come in-
with the investment and management and: market building thab are
necessary to make.the wihole systeom ultimately effective.

[

[

THE AGRIBUSINESS COUNCIL iVORK: IN PAKISTAN

Lamnow going-{mbs quite:specific, aspeopleinmy role arerexpected
tobe. I will give.several examples of how agribusiness hizs:been work-
ng 1 an irtercommunity sense. The: fivst concerns the Agribusiness
C'enneil which has.been:working in Pakistan in @ joint-effort with the
Palkistan (Rovernmeut, with the foundations. and-ATD, to try to geb
a fix on what the -Green Revolution has brought to that country in
both wheat and wrice. - ) < .

The Commeil’siapproach frasito-get amultidiseiplinary grouyp-of-spe-
clalists from. the foundations, and ATD, and the Pakistan Govern-
ment, to work with industry experts concerned with inputs, 4rans-
portation, mechanization, and the:offtake and distribution: of increased
farm output. In thislatter.area an expert from: an international grain
trading company was involved; -going fight sto.the -point made- by
Lester -Brown that we are'facing a new dimensioir of world trade
in grains. No longer can you talk simply-about a fertilizer plant, a
tractor plant, or a pesticides plant. You must talk about the entire
system.. Fhe wultimate objective must be the market for .agricultural
production, both irternational and mational. Tt was mentioned earlier. -
todav that East Pakistan is short of grain despite imeréased .output.
Ttcertainly-is, The stuff-is-drying-ind rotting in the field while people

-are-huiigry 1n other areas because of inadequate movement, storage,
and distribution. ;

In the case of therPakistan study the intercommunity group spent
the past summer identifying the problems that exist in present wheat.
and rice-‘production and' indicating areas <where privite investment
could be brought in—largely local private investment—to speed’ up
the process and make-it more viable. The study group dlso ‘exainined
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the possibilities of crop diversification hy shifting from rice and wheat,
to seed oils, cotton, vegetables, and cattle. This, tﬁen, was a pilot effort
by the agribusiness community in working with other groups to get at
the probziems and the potentials of the Green Revolution in a major
producing country-

COOPERATION WITH FAO AND UNDE . X
There is another agribusiness effort underway ab the FAO and the
TNDP. When Doctor Sen was head of the FAO he invited Inter-
national industry to consult with his organization. A committee of
major corporations from both sides of the Atlantic and Japan wwas
ectablished. They sought ways for the private sector to advise the FAO
oh, how to get the market approach into country economic stuches.
This cooperative work has since been extended to the UNDP and is
now 4lso being made available to other specialized agencies. |
Tf a country is interested in attracting private vestment—and this
obviously excludes countries like Egypt, Burma, et cetera, it is very
helpful to have private industry experts involved In preinvestment
surveys. Against the hard tests of the marketplace and of return on
investment they can specify that a project will not pay out—and they
can-do so early inthe game. -

This type of expert assistance can now be made avallable to.the
international agencies where it is wanted by seconding people from
international industry or using them as consultants ta inanre that
thess preinvestment studies have nltimate viability. :

This is another example of liow the agribusiness community can
worl with other communities andinstitubions.

. Within the receiving countries there is a need for agribusiness to
perform new roles. We listened to Bean Lewis’ fascinating views of
what has happened in India. I recall & day when Isat next to the good
Dean in a mongoon while we were dedicating 2 major fertilizer plant
in Andhea Pradesh. Water was pouring through an wmbrella onto Iis
kuee, and as a representative of the host I didn’t think that.a minister
of the TU.S. Government should get that wet. So I put a pad of notes

oy

-over his knee to-limit the water damage.

PROBLEMS. IN BEING “BNGINE OF CHANGE’

When you commission and operate a major fertilizer plant such. as
the one we were dedicating, you really test the local.economie system.
I have been asked what happens when you run into a backward en-
vironment with such & complex operation, and I respond that you lose
vouy religion and your purse. But you do-test the system. - .

TBach time the international or even the local investor brings in an
industyial “engine of 'change” he must cope with: the local environ-
ment,.with power supply, with water, svith railroad wagens, with har-
bor facilities, with the total infrastructure support. He also must-cope
with the available farm credit;and the erop pfitake system: :

. It.is mot an easy job. Anyone who has the notion that, the Green
Revolution is.going te proceed easily in a .country like India in rice, -
is wrong. At this moment there are huge tonmages:of fertilizer-stocked
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- in.India because supplies were obtained on the:basis of caleulated-need
instead of effective gemand.

Gretting down to Jocal distribution, to-the eultivator, you must work
with a large network of small, local enterprises who stock, demonstrate,
and sell the fertilizer. That is a punishing task. While farm credit has
been: discussed in the halls of governments and universities about the
world, it is not available In adequate quantitly to the marginal and
smaller farmers in the villages. It is not available in India, it is not
available in Indonesiz, it is not available in Thailand, It is not avail-
able in adequate smounts in any of the countries involved in the
Green Revolution. . .

If we are going to bring farmers into the main stream of the agri-
cultural revolution, significant work on farm credit and crop distribu-
tion must be done. Unfortunately you cannot force this development
from the national capital nor from abroad because the networks of
banking institutions do not reach out into the villages, for it has not
been profitable to work with the locals. This must be done and it will
take a long time. For this reason together with the groblems involved
in processing and moving increased crops, India today has an almost:
embarrassing stock of fevtilizer because of relatively limited demand in
the face of immense need. -

This then is a caution. To get at this question and others within the
developing countries it ismecessary to pool resources, to associate agri-
business with the other communities concerned. I believe it would be
most useful to create agribusiness councils parallel to the one we have
in the United States as a means of consciously bringing the scientists,
the foundation specialists, the social scientists, and the agribusiness
managers into regular consultation. If they could meet at least four
times-a year to assess developments in the agricultural revolution the
could grapple with existing problems and, more significantly, antiei-
pate developments and constraints. '

As we have learned today, there are factors in the-Green Revolu-
tion that are beyond the sheer calculation.of the marketplace : Factors
of increasing rural employment, of accelerating mechanization, fac-
tors of nutrition and other matters that simply don’t yield to normal
business analyses. I think that most management today, given the op-
portunity to examine these pressing social questions with experts,
would he willing to do'so and-at least to try to makehusiness decisions
that serve these larger social purposes.

NEED TFOR INBTITUTIONS OF BMANAGEMENT TRAINING

Such an anticipatory enterﬁrise can only be achieved by -conseious
effort and intercommunity collaboration. We have heard today ghout. . - - - -
the four splendid international research institutions if dgriedlture
. » » - -Which-have-beeni Sponisored by the foundations, I submit that we need
parallel institutions of management, perhaps two to start and even-
tually four or more. I am not using menagement to mean-the skill of
a businessman.who keepsthe books and msﬁ(es dough. I am using man-
agement as the instrument for analyzing, planning, programing, mus-
tering resourceés, operating and controlling ventures or systems. Robert
MeNamara is a manager at the World Bank, There are managers all
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through Government, in hospital systems, in educational complexes as
well asin industry. Management as a science, if you will. .

Petor Drucker, who is something of the guru in this field, has said
there are no underdeveloped countries~—there are only undermanaged
countries. He has a point, and there is clearly a pressing need for ef-
fective ma,na%)ers in the developing world. ]

When you bring an engine of change into a backward community as
T described earlier, you provide a relatively modern set of management
tools and capabilities. If you have an 18th century government appa-~
ratus to-recelve this engine, you have a bad situation indeed. The locals
do not know what you are talking about or trying to do. There 1s waste
of time, of money, and there is conflict.

To meet this technological impact it is necessary to improve the
receptivity of the host government locally and nationally by deliberate
training of personnel in the management of development. Trained
managers can, with their ability to-get things-done, be it in the public
sector or the private sector, grasp the innovations made by the phys-
ical and natural scientists and put them to work effectively. I there-
fore make o strong plea for the-establishment of international centers
of excellence in management, supplementing those in agricultural
research, These centers should of course be located in the ﬁeveloping
countries, for the job must be done there—not here..

OPPORTUNITY FOR THE PETERSON TASK TFORCE

To close, Mr, Chairman, I believe that U.S. foreign policy .and
1J.S. influence are closely involved in the type of effort represented
by the Green Revolutlion, and it should be supported.

T believe that private investment in agriculture is limited in its
total impact, but 1t can play a constructive role, particularly if inves-
tors have patience and if we work with our colleagues in other
disciplines.

Management is a vital tool and should be -developed along with
agricultural research, )

T close by saying that in 1970 the Peterson task force offers the
Nation an opportunity to reconstitute. its on-going foreign assistance
effort, T must emphasize that there wonld be scarcely any investment
if it were not for'the infrastructure, the education, the training, and
the support provided by our aid programs. We certainly would not
be in Indis, and very few investors would be in any of the under-
developed countries were it not for our effort.at economic assistance.

This is an. important time for all of us to regroup our forces and
to build on the Green Revolution and: on other successes in economic
development. I hope the Congress will stay the course and provide
the long-term mandate required for international economic develop-
ment, This is an appropriate objective for a nation that approaches
its bicentenmial in 1976.

Mr. Fixprey. Thank you.

T am sure that everyone here has been tmpressed, as I have been, with
the consistently high quality presentation. The applause, Mr. Denni-
somn, shows the favorable reaction that your suggestions gave generated.
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I am sure the final speaker will be no exception. Dr. Paddock is
well known to ATD. He is also well known thronghoui the agri-
business world as well as Imown here onthe Hill. So we welcome you,
Dr. Paddock. |

STATEMENT OF WILLIAM C. PADDOCK, CONSULTANT ON' TROFICAL
) AGRICULTURE, WASHINGTON, D.C.

Dr. Pavbock! Thank you, Mr. Findley. :

AMr. Chairman, Iadies and gentlemen, it is a pleasure to be here
today. Dr. Brown and I used fo walk, loeked stepped, in our -outlook
on the world food problem. :

But as has been said, Dr. Brown turned “Green,” and yoh see
what color 'suit T am wearing. _ ‘

There are three thingsin Dr. Brown’s paper on which' I would like
to comment. The first one is the emphasis on the high yielding va-
rieties in the Green Revolution. The second is his point that the
problems of the seventies will probably be more political than tech-
nological: And, finally, the need to readjust owr own forvelgn trade
policies to serve, or to farther, the Green Revolution.

On the iImportance of the high yielding varieties, I would like to-
reemphasize the other factors involved in increased yields.

" WEATHER FACGTOR IN FOOD INCREASES

Secretary Hardin mentioned weather. We tend to overlook the:
Tact that the weather in the last couple of years has been very good
in most of the developing world’s agricultural regions. :

There are many ways to measure the good weather. It has not
been just wheat and rice—the wonder wheats and the miracle rice—
that have increased production. For instance, in India there has
been a 20- to 25-percent increase in peanut production, jute, coffee,
rubber, millet, a whole series of things.

Figures coming out of Red China, and who knows whether they
ave right orf wrong, indicate that without the new wvarieties that
country-is nevertheless keeping abreast of India in its production.

All of this implies that much of the increase in production ig
coming from a generally good agricultural situation and its cause
is good weather for the farmer.

'The- Green - Revolution is lmited in scope. In the case of India,
when you speak of the Green Revolution, you are speaking of only
wheat, nob rice. Unfortunately, wheat is a far less important crop.
than rice; it amounts o only a third of India’s rice production.
IQE{i‘iEEBProductiou today in India is essentially the same as it was in

IRRIGATION Y8 THE “LIFEBLOOD” OF THE GREEN REVOLUTION

When -one speaks of the increase in wheat production due to the
Green Revolution rone needs to emphasize the role of irmigation.
For those who have only seen wheat grown in the United States, where
it 1s never 1rrigated, this essential point is nsually missed.
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When we say water is néeded for the mew wheal/ warielies, we mean
drrigation; thab is, using the:mosy expensive, the most vmluable Jand
in the Nation: We are speaklnrr only of irrigated wheat.

Irrigafion is the lifeblood “of the Green Revolution.' This drri-
gated land is, of .cofirse, Ihmited in quantify. Dr. Hardid said this
morning*that if you look ab & map to see wherethe Green Revolution
has had an. effect i the world, - you will'see 4 postage size area and no
more, “The major reason for thls 1s "bhe hmlted amomlt of 11r10'ated
lfmd ihthis world +

P b,

S'UBSIDIL‘S TWAVE STIMULATER ZE‘I{ODUGTIO"I

The final point -about the highyyielding varieties I would like fo
make involves subsidies:. Dr., Brown mentioned J apairhaving a subsidy
for:rice three-timessthat of the world market price. Ag Far g wheat
is coneerned the Untled: States has a support price that: perhaps is
slightly. above the world market price, depending'.on how-you figure
the U.S. support. Western Enrope does, too. But what is good for
one nation is not necessarily %‘ood for all. Mexico has a wheat support
price of $1.99 o bushel, while the world market price is somefhing
liize $1.45 a bushel. So ik is 40 percent above the world market price.
Obviously, Mexico does not want to éxport wheatl on such. a basis
for it is-clearly a-money losing proposition.

India and Pakistan also have supported the price: of* Wheat and
it is now about’$2.60 a bushel."Turkey supports-the-price at$2.30.

Dr. Paarlberg says that, surpluses follow subsidies like night follows
day. I one raises the price hlﬂ‘h enough. on a commocht.y, & stirplus
will follow whether 1t'be urmm:m, ar chamonds, or oold or Illtal)‘lﬂ'a-..,
or-wheat; or rice.

“Within 4 year of the Philippines ‘mnounclnm its. policy for-self-
sufliciency, that country increased the rice: support pllce by 50 percent.
The result-was an ineréase in rice ploductlon ‘

But these.subsidies must be¢ome 9, serious burden to the doveloping
worlll: The United States can afford a $4 biflion agriculbural subsidy
program ‘because agriculture contributés ‘only 4 pelcent ‘to-our GINE.

The rest of the U.S. economy—the other 96 percent~—can carry the

oad. When agricultiure, in the'case of the developing counfiries, ac-
counts for 18,25, 80, or 50*percent, of the: GNP} the- subsidies will’ cer-
tainly become & financial burden” and” Wﬂl eventually ha,ve to -be ‘ad-
justed.downward. .

IF you lower~the prlce1 most people Wﬂl jacfree tha,t' productlon' w111
fall accordmdly .

- b
a . T . N st P

JIA'\TY TEGI-IYOLOGICAL PROBLEMS AI_U] iD

Therefore, the. Gre;an Revolut.lon’s te,t-.]moloojr that; we. alertalkmg
about here today, that is-these. h1ghLy‘ yielding varieties;-is not good
enoughtosstand by-itself..It must be subsidized: Thereis:then’an enor-
mous need, for better technology if the Green Revolution istosunrvive,

We have got. to find some way for these new varietiesitosbe improved
skill further if they ave to be used without the high prices that now
2o along with them.
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Therefore, I would see the 1970’ as a period when there will be con-
tinuing political problems, But ¥ think that the technological problems
that st1ll have to be solved in the 1970° are probably even greater than
those that have already been solved. .

For instance, we have to find out how to break out of the limits im-
posed by irripated land. Tt will be more difficult to move ahead with
corn and rice than with wheat. Tt will be more difficult to achieve in
the tropics the progress that has already been achieved in temperate
zone India, Paﬁistan, and Mexico. The Green Revolution has had
little effect in the tropies. Africa and Latin America still do-not know
what it is. '

Fially, on Dr. Brown’s point involving reexamining our national
priorities, and trying to assume a global effort to eradicate hunger, I
would suggest that perhaps it is premature on the basis of what we
Imow. about the Green Revolution to consider changing, for instance,
our trade polieles, in order to further the (Green Revolution. I say
this because so much additionally must be done besides just, for in-
stance, changing our tradepolicy.

COST OF ENDING HUXNGER WORLDWIDE

Dr. Jean Mayer said earlier this week that to eliminate hunger in
the United States will require annunally an additional $3.5 billion dn
this country’s budget.

Tf 1t will cost that in this country, imagine what the cost svill be in
the rest of the world !

The President’s Science Advisory Committee in 1967 said that {o.

satisfy the world’s food needs will require.annually an additional $12
billion sbhove-and beyond what was being spent in foreign assistance
throughout the world. A couple of months ago, the Pearson report,
written for the World Bank, suggested a figure reasonably similar:
$10 billion or more a year. Next June, the FA% will release-the Indica-
tive World Plan which-calls.for an additional £110 billion to be-spent
over the next 15 years. I have just seen a recent report where the
British economist, Barbara Ward,. has-said: the job will require about
$10 billion a year.

So there is gomg o have to be, I think, & great deal more achieve-
ment in the'Green Revolution-and from world governments.aigreater

willingness.to contribute.to it, before we can talk of eradicating world -

hunger in the forseeable future,

I fea¥ that.overly optimistic reports of the (Green Revolution will
gause o relaxation on the part of not only the governments of the
developing countries toward their own agricultural problers, but that

there will be also a relaxation on the part-of all those concerned: with -

the world population explosion: Too-many féél that the Green Revolu-

v Seg =Ty

- bion is~buying us-time.to solve the population problem.
I don’t seethe Green Revolution buying us time,
- I feel very strongly that unless it is possible to get this population
exglos;on under control, everything that we have been ‘talking about
today 1s meaningless.
Thank you.
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Mr, Zaprockr. I think the participants of session 3 discussing the
planning for the future.of the Green Revolution, Mr. Lester Brown,
Mr. Joel Bernstein, Mr, Willinm Paddock, and Mr. Charles Dennison
all.deserve a good round of applause. [Applause.]

Before I call for questions, may I just say to my-colleague from Il-
linois, like he, I foo observed that many have worn green suits.

Many of our observers and guests have either green suits or green
dresses or ties or ribbons. Let me say to my colleague, in keeping with
today’s-theme, I too-had intended to wear a green tie and reached into
the closet just as my wife came by.

Tt was a beautiful green tie, a' Christmas present of some years back,
and I wear it at least once a year. She said, “My dear, today is not St.
Patricl’s Day.” Not wanting to be late by having fo explain the pur-
pose of the (Green Revolution and everything else, and since she
already had a tie'neatly laid out for me, and being cooperative, I wore
what I have on. .

T only want to say that the intentions were there; but the spirit
wealkened.

Avre there any questions from the members of the committee ?

NEED FOR ‘EDUCATION IN AGRICULTURE

Mr. Finoreyr. My, Chairman, of all the things that have been said
today, I believe there has been little comment about education. In my
part of Tinols, many good farmershave gone to a college of agricul-
ture and they send: their sons to a college.of agriculture so that they
will be even better farmers. They take part.In the extension programs.
They have the benefit of continuing research. : i

Myyrr question is, Is endugh being ﬁone-now worldwide-to-provide the
trained manpower nieeded to meet the Green Revolution’s demands?

Tn other words, are we really laying the.groundwork and establishing
the educational eenters which will turn out enough good farmers to
meet the problem ? .

Mr. Zasrockr, Dr. Brown.,

Mr. Brown. One of the things that the Green Revolution has
done is t0 bring into sharp focus the scarcity of training agricultural-
ists in 2 pumber of countries, such as the Philippines and West
Pakistan,

£850’S AGRISERVICE CENTER IN THE PHILIPPINES

In the case of Philippines, Esso, which has a fertilizer plant in the
Philippines, has organized.s distribution system with some 400 agri-
service centers where they market not only the fertilizer but all the
inputs, seeds, pesticides and equipment and so forth.

Tt is a one-stop shopping center for a farmer, a very effective sys-
tem, delivery systein.

To man each of these agriservice centers, they try to get a trained
agronomist. They were able to compete 50 effectively salarywise, that
the University of Philippines Ccﬁ.lege of Agriculbure was losing
much of its faculty. It became a national political issue. It was con-
cluded that if too many faculty members were hired away that indus-
trial firms would be biting the hand that fed them. Hence a system

§8-612—T70-——9
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was worked out permitting the recruilment of a certain number from
the facultyeach year, But this T swould think would notbe an unusunal
situation, In 2 number of developing countries in the future because
of the number of trained people in agriculture is going to be in short
supply, partieularly where agricultute begins to modernize rapidly.

1 think one ofthe significant things is that as-agriculfure begins to
move and really moves ahead, the demands for technieal compestence
and technical assistance Increase very rapldly. When you have agri-
culture that is stagnant, you really don't need any techmical advice.

It is when change is occurring that you need this. It is a problem.
We are not doing nearly enough to meet this.

*TRAINING FROGRADMS IN-U.S. TAND-GRANT SCHOOLS

- Mr. Lewrs. T would like to take advantage of the.question to fill in
one point on my diseussion about India. I am particularly happy todo
this, because we have some representatives from the institutions 1.am
]zlgout to mention here. T see people from Il¥inois and Missouri.at least

Te.

We were saying earlier that there has, in fact, been a very complex
set_ of imputs, including technieal assistance inputs over the years.

Some of them are on & longer Jeadtime bagis, as for as the payoff in
the late sixties 1s concerned. One of the most important inputs-and:one
that ALD-and its predecessor have had the honor to be associated with
is tha -effort to-develop state agriculture universities in India.

" This was formalized-in the early sixties. There have been fivst five
and then six American land-grant institutions involved. Missouri,
Ohio State, Tennessee, Kansas State, Tlinois, and Penn State.

. It has proven, I think, to be the case that the Indian institutional
structure was ready for and indeed needed something rather close to
the concept of the land-grant institution.

There.arenow nine of these State agricultural universities which are
turning out a good deal of trained people in agrieulture. They are
meefing the needs for mfrastructure, and are now beginning actually
fo tramm famners m some cases. Furthermore, they constitute 5 very
Imporéant component of the applied research nétwork that has begun
to work in a really promising fashion,

BOTTLENECK IN LACK OF TRAINTNG
* Mr! Berrsrers. T might add a poeint, )
Eet e say first, in vesponse'to Mr. Findley’s question,.that T don't
;;fhmk there hasheen enough training despite-the quantitative effort so
This definitely i going to be a bottleneck for ‘the fulure, despite
¢onsiderable training efforts. In our own U.S. bilateral pLograns,.
which I don’t haveithe figure-here ot tlie participants trained in aori-
culture, T would ventire fo guessit is in the 30,000 to 40,000 numbers.
That is,. people who haye been brought to this country For advanced
training of various kinds«n' agricilture. - T T
As T'mentioned earlier, we have currently 57 agricultural Drojects
being implemented by U.S. universities, the largest part of which are
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coneerned with training programs similar to the one that John Lewis
mentioned for India.

But bhaving said all that about quantity, the key point, T think, is
the qualitative question. Are they being trained to do the right things
so that they will fit in effectively into the ongoing requirements as
the Green Revolution gathers momentuimn

I think we would have to say frankly that in the past, many of the
people have not fitted in and then it has not been as efficient an effort
as we would like to see partly because of the force of traditions in
agricwltural training, partly because until larger parts of the rural
sector really entered the market economy, people ‘were not really sure
what they would need to do and how to do and how to be trained for
what they need to do. .

Thexe wasn’t the drawing power neecded to divect the traming more
effectively.

I think, as has been mentioned, you have sort-of a self-generating
improvement effect growing out of the new opportumities, the new
sense of possibility, which Tas grown out of the Green Revolntion,
although 1 is very restrictive in scope, as has been pointed out.

Tt does point the way to people as to what you need to do for trainmg
and education, that it i1s worthwhile, that young men can get some-
where by making a career in agriculture.

So we are hopeful that if the countries themselves can sustain the
effort to train people, with such outside support as they need, that
they will begin to do a much better quality job, and I think that part
probably will be even more important than the question of numbers.

Mr. Zasrocur Mr. Brown?

NTMBER JF AGRICGLTURISTS 'II_RAINED IN UXILED STATES

Mzr. Browx. We have been speaking somewhat uncertainly about the
number of people that we have trained in this country from the devel-
eping countries. We have several people here today from the Foreign
Training Division in the Departinent of Agriculture: Dz, Sy Harvey,
who 18 the director of that program. Sy, for the record, how many
agriculturalists have we trained since 1950 in this country?

My, Harver. 43,000, °

Mr. Browx, 1950 through 1969%

Thank you. .

My, Zasrocky. Are there any guestions?

Dr. Merror, Could T add a brief comment on the matter of univer-
sity education? I think the rapid agricultural change in India has
brought, an interesting feature. There is a sveat increase in demand
for technically frained agriculturalists in the private sector of the
€COnony. “ ]

T think it is very interesting that what ave probably the two best
agricultural universities in India, which have been developed very
much with American gssistance, are now putting a very high pro-
portion of their graduates into the puivate sector of employment,

Tf you, go back. before the Green Revolution practically ail of
them went into Government employment. ¥ think this is o very sig-
nificant factor from the point of view of longer term agriculbural
development.
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NATIONAYL PRIORITIES

Mr, Fraser. Mr. Chairman, I just wanted again to make a comment
about the need for a better ordering of national priorities that several
of the speakers developed.

I wanted to make the observation that this is a very concrete ques-
tion in front of us now. We will have on the floor Monday a eut in
military spending of 6 percent or 7 percent, which I think s a pretty
fair cut considering the war is still going on.

Tuesday, we will have in front of us a second cut in economic as-
gistance, which if left untouched will mean that the economie assistance
reguest will have been cut from $2.2 billion to approximately $1.1 or
$1.2 billion,

The military assistance has been left virtually unchanged. So the
question of priorities is a very real and pressing one, not one to be dealt
with in abstractions.

T hope the House will change some of these decisions, at least on
the economic assistance. But I don’t think one can go through this
kind of discussion today without acknowledging, as these speakers
did, that these decisions are not made in a vacuum,

They must be a part of a Jarger set of policy decisions which are
bearing down very heavily at the moment.

Lﬁ' ZanLockz. Are there any questions from the observers? Mr.
Wolt?

DISSEMINATION OF SYMFPOSTUM PROCEEDINGS

Mr. Worr. I am o former colleague of my distinguished chairman,
Mr. Zablockl. 1 would like to say that nothing that has been said here
today will make me sleep better tonight. i

We think about different things in the Lght of this discussion. I am
concerned about what particular procedure will be followed to mul-
tiply the number of listeners who are here and will become able to take
advantage of these discussions.

I would Iike to hear from the chairman if I may, on this. The second
thought is it would seem extremely appropriate that you or someone
representing this particular symposium wounld present, some portion of
the findings of this symposium at the Second World Food Conference,
which is scheduled for the Netherlands, the 16th and 30th of June next
year,

As youmay recall the American Freedom From Hunger Foundation
helped to host the original first World Food Congress here in 1963. I
would be happy to take whatever steps are necessary to see that thisis
done in my capacity.

But T would be interested immediately in what steps will be taken
to multiply what happenéd Liere today.

Mr. Zaprockr. The Chair 1s very happy to advise the gentleman and
others %athered here that the hearings and proeceedings will be printed,
available for wide distribution, As long as there will be demand for
the hearings and the testimony, we will have them reprinted.

As to the second suggestion of having o summary or a report of this

posium presented at the World Food Conference, we will have to
take thet under advisement with the chairman of the full commitiee.
1t is an excellent suggestion, I might say.
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1f there are not any further questions, the Chair is tempted to rec-
ognize some of the very important guests and people present here as
observers, At the risk of missing anybody, I hesitate to do so.

However, I would be remiss, I believe, if I would not present at
this time Mr, James Grant, the president of the Overseas Development
Council, who has been most helpful and whose organization has been
most helpful in gssisting in this symposium.

Mr. Grant, will you rise and take a bow. [Applause.]

As I had earlier announced, there will be a 25-minute colored film.

It will be the informal part of a very informal meeting and
Sy mposium.

But before closing, let me say on behalf of the committee, and my-
self, that we deeply appreciate all of you who have come here today for
this symposiam, and in particular, we svant to thank and extend our
appreciation to the participants. They have, as T am sure you will agres
with me, presented fine papers, commentaries, and direct answers to the
questions that were asked of them.

We sincerely thank you gentlemen.

%A TOTURE FOR RAM”

Now if you do have time, I would like to suggest that as many of
you: who can remain for the film of “A Future for Ram,” a 25-minute
colored film depicting village life in India. It focuses on a single
farm family, their aspirations and the relation of the Green Revolu-
tion to their aspirations.!

A sensitive, thought provoking documentary, it points out the cul-
tural, economic and administrative obstacles to the introduction of
agricultural technology in traditional societies.

The film recently won the Golden Eagle Award from the Council
on International Non-Theatrical events TCINE} in recognition of its
suitability for international showing.

It was produced and filmed by Dr. Phillips Foster, professor of
agricultural economics at the University of Maryland who spent last
year living in the village depicted in “A Tuture for Ram.” Dr. Foster
and his wife also wrote the seript.

Assisting in the production were other persons associated with the
University of Maryland. C. John Sincell, assistant to the director for
university relations, did the editing; sitar music was composed and
performed by Gaurang B, Yodh, professor of physics; and the nar-
ration was done by Priti Fl. Monteiro, a graduate student in electrical
engineering. ;

I want at this time to say thank you for coming, because I won’t
have time to say 1t after the film, I am sure.

Again, we appreciate your attendance here today and wish. to thank
once again all of our participants for their excellent contributions.

(Film: “A. Future for Ram.”) '

(Whersupon, at 4:33 p.m. the Symposinm on Science and Foreign
Policy: The Green Revolution, conducted by the ¥ouse Foreign
Affairs Subcommittee on National Security Policy and Secientific
Developments was concluded.)

1 The serlpt of the film may be found on p. 163 of the appendix.



APPENDIX I—STATEMENTS SUBMITTED FOR THE
RECORD

STATEMENT OF W. L. KLaRrMAN, COLLEGE OF AGRICULTURE,
UNIvERSITY OF MARYLAND'

Hon., CIEMENT J. ZABLOCKI,
Iouse of Representatives,
Washington, D.C.

Bir: As a bolanist, I am vitally concerned about the so-called “Green Revo-
Intion”, and I applaud all efforts fo-increase the world food supply. I must,
Trowever, register a strong complaint eoncerning news articles suclh as the Wash-
ington Post's Sunday report of your forthcoming Subcommittee session.

Perms such as “miracle geains” and “green revolution” give a false sense of
security to the general public who want to believe that the food supply can keep
pace with the exploding population fncrease. Increased yields of new grains can,
at the ‘best, buy only a little time. At worst, new more virulent pathogens that
may accompany increased production can easily make the situation more serious
than hefore.

Those of ns who attempt to convey the unpopular message that botanists can-
nof possihly continue fo feed the world: if present popilation increases confinue,
find that those who oppose this view most ofien cite the type of nebulous opti-
mism found jn the announcement of yonr committes meeting.

If a miracle does exist, it is only that mass stavvation has been averted for
o litile while ionger. Please use this reprieve to bring about the only miraele
that can possibly save the world, a drastic and immediate reduction in the rate
of population increase.

Sincerely,
W. L. ELARMAN,
Associete Professor, College of Agriculture, University of Maerpiend,
College Park, 3 d.

BrateMENT 0F BUSINESS INTERNATIONAL CORPORATION @ PRIVATE IINTERPRISE AND
TIIE WORLD F'00D PROBLEM (SUBMITTED BY KENNETH D, GoTT, JUDITOR, BUSINESS
INTERNATIONAL)

Why has the international corperation, so often referred to as the “hest hope
for bringing less developed couniries out of backwardness”, accomplished so little
in the war against hunger? Is it the fault of the corporation, of home govers-
ments, or of governments in the developing country ? In part the blame is shared
by all these institutions.

Investors from developed countries are resitiricted by their own governments
through illiberal import policies, capital export ecurbs, and high rates of taxation.
Bmall wonder that mauny decide that the game iz not worth the candle.

In the developing country the investor faces major difficulties. Among them:

* the nead 1o train worlkers, who have no understanding of basgic mechan-
ical skills or plant maintenance ;

~the need te horrow in a country where capital formation is slight;

* the need to gnard against inflation and devaluation ;

* the need to fight red tape, and discrimination (and sometimes arbitrary
action) against foreigners; and

*the need to operate degpite government control on prices, imporis, ex-
ports, and the transfer of interest and earnings to the parent

Despite these man-made obgtacles, 'a number of international corporations
have begun to devote a considerable poition of their resources to solving the
food problem, particularly in the aren of synthetic foods and additives.

The firms working to solve the problem include CPCG International, Monsanto,
General Foods, Ralston Purina, Erafteo, Nestle, and General Mills.

(121)
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A telling problem is the piecemeal approach used by both governments and
corporations in dealing with the food problem. There is no guestion that a
regional approach to development can be more effective. But this has not been
geuerally applied to the food problém. There would be innumerable advantages.

Tor the most part neighboring developing countries farm basizeally the same
crops and raw materials: thus their exports are very ofien competitive. If
regional development plans included direction -on agriculture, ce.g., X country
would produce milk cows for a W"i'cjier, market than loeal consumption; Y coun-
try would produce the basic staple such ag rice or corn for the- area, exports
would be complementary instead. With the successful-advent of high-yield grains
suck an approach is praeiical. .

The problem of distribution is critical in the developing countries. While
there are a few firms that have organizations that ezm: support introduetion
of low-cost, high-protein products on a national or regicnal -seale—there afe
not many. Most of the eompanies that can manufacture such produets, ¢annot
effectively distribute them (even sif .they could work out a satisfactory maz-
keting .approach in. packaging and advertisivg)..

Here, foo, new methods and approaches need to be tried. In many areas -of

the world.one or-two companies have penetrated-even the smallest hamlet, This
is true .of ‘Unilever in jarfs of Asia and Africa, of Nestle in parts. of .South
America. But the suceess of a few does nob alter the basic fact that the creation
of regional markets would greatly reduce distribution obstacles.
. New .approaches, grounded on cooperative efforts, .are necessary to make
real strides forward against hunger. What is needed is:coordination of corporate
effort-—a pooling of abilities and resources on the part of corporations that will
minimize the risks and enhance the possibilities of rewards. What is desperately
needed- is reduction or elimination of mnational barriers.to the #free movement
of goods, -men, money, and ideas across national borders.

SEATEMENT OF OHARLES M. TIARDIN, DizECcToR, INTERNATIONAL AGRICULTURAL
INSTITUTE, UNIVERSITY 0F CATIFORKIA, IDAVIS

Congressman CLEMERT J. ZABLOCET, .

Chairman, Subcommittee om National Security Policy and Scientific Develop-
ments, Commitice on Foreign Affairs, Congress of the United Steies, House
of Representatives, Waeshington, D.C. ,

Dear ConerESSMAN Zaprocki: Thank you for your invitation to attend as an
observer the symposiam/hearing which will be conducted December 5 by the
House Foreign Affairs Subcommittee on National Security Policy and Scientific
Developments. I shall be unable to attend the meeting, but I wish to avail myself
of the opportenity to comment, following vour invitation.

I am convinced that we have in the United States an instrument of great
poiential that has been far from fully utilized to promote technieal assistance
abroad. I refer to agricultural science which we-have-institutionalized larzely in
the colleges of agriculiure in the land-grant uanivefsities and in the T.8. Depart-
ment of Agriculture.

In order fully to realize the-potentialities-of agricuitural science and technieal
assigtance, we need some drastie departures in policy. We need esnecially to use
the colleges of agriculture much more effectively than wwe have hitherto I stress
the colleges of agriculture for two reasons. First, they are not-only research and

extension institutions but teaching institutions and-as such the most fitting bases -

from which we can hope to help the poor countries build those educational institi-

tions which they sorely need. Second, the colleges of agricultnre have.each.dealt -

with the complexes of agricultural-problems-that-charaetérize the various states.
In.Galifornia, ay in” othier states. the azgricultural seientists cooperate with each
other ag teams. If is precisely this kind of team approach to complexes of proh-
lems that characterize agrieniture which we need to help the poor-countries estab-
lish abroad in their ovwn institutions.

We here in Californin strongiy believe alzo in long-term service abroad to

carry out our technical assistance programs. AVe propese to model as.far as

posgible on the Roekefeller Foundation’s program in Mexico wherein one of the
salient charaeteristics is that the Jeading figures went to Mexico for long periods
so that their professional eareers were commitfed fo Mexico—that is.where their

.
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professional repuations would inevitably be made. In contrast, particularly for
agriculture seientists, the fraditional ATD contract calling for one or at most
two years' service abroad leaves the agricultural professional in precisely the
position he has alwaya been in: the work abroad is a sideshow or a diver-
sion and the real theater of his professional contribufion and advancement re-
mding at home. At the same time, while we build programs abroad around the
career service of such Individnals, we must bring them back regularly to the home
campus for long enough periods so that they remain part of the home campus
and are so looked upon by their colleagues. Indeed, this movement back and forth
is essential to one of the necessary goals of the program I am discussing, namely,
the refocusing of our colleges of agriculture in part on speecific problem develop-
ments and mission responsibilities overen. -

To achieve the foregoing kind of program. the universities. and the collegas
themselves will have fo make some chauges—they will have to change their pro-
motion policies to insure that those scientists working abroad will be treated
equitably in matters of promotion and advancement. It addition to this, there must
ke a regular flow of funds which I think should be provided in grant-in-aid form
by something like the Hatch Act of 1889 for agriculiural research but for agricul-
tural serviee abroad. Since the program under discussiorn is in the national in-
terest, the national government should pay for it fuily. At the same time, the uni-
Tersities, the colleges of agrieulture, and particularly the individval scientists
all need to be able to make their long-term plans gnd their career commitments
against some assurance of a regular flow of funds. As vou well Imow, wea are not
talking about massive inputs If we could sfart out with 2 20 million dollar ap-
propriation for this purpose and then work up perhaps te 100 million dollars,
we could perform miracles.

Although it has not yet been formally announced, we are fortunate here to be
on the verge on a4 ton-year program in goil and water managemenkt {(or irrigated
aericulinre) to be carried out in India under the auspices and with the supbori of
the Ford Foundation. This program will be implemented by the University of
California and especially, but not exclusively, by the Davis eampus. Our program
is modeled on the principles expressed above. We have developed a program
through the contribution of our own scientists acting joinily with prospective
Indian counterparts. Ford Foundation has given valuable advice from time to
tinte and stands by ready to finance the program over a ten-year period with
hudgetary periods of two years each. e have one of our ablest men, Dr. Bertil A.
Kraniz. to lead the program. YWe also have fwo or three other genior men with
considerable renpulation who are prepared to go for relatively long periods. Around
this maclens of long-term personnel, we shall build a program which will also
makes use of shori-term personnel. In addition, the Ford Foundation has agreed to
bring back each of our long-term persons every other year for one quarter on the
Davis campus, during which time they will share again in-the research, extension,
and educational programs at home.

Finally, if programs of the kind that X have sketehed are going to be developed,
we shall need special orientation to thems on the part of ATD. We will need an
acreement in ATD to devolve responsibility on the colleges and to let them plan
and develop programs. There should be insistence on careful reporting, of course.
But the essence is to fix responsibility on the colleges and then to give them suf-
ficient disceretion to carry out their programs.

The foregoing description of what I think should be done is along lines that I
have been urging for some years on the foundations, on ths administration of
ATITy, and on various members of the House and Senate, I am delighted fo have
thia opporiunity to preseni the arzument at least in written formo to you and
your subecommittee. Coming from Wigconsin ns yon do, yon are aware, I am sure,
ot the tremendous potentiality of a first-class college of agriculture. You are
probably also aware of the tendency of our rapldly changing society fo cause
changeg in the college of azriculiure which will raake if less suitnble as a resource
for building effective programs in the poor countries abroad. I think that it is
vital that we preserve our colleges of-agriculture, af least for a number of years,
in order to draw upon their demonstrated gbilities as institutions of applied sci-
ence to serve as bages for the development of similar institntions in fhe poorer
coitntries. I there is anything that I can do further to clavify this argument for
you or members of your committee, I shall be most happy to do so

Sincerely yours,
CriAriEs M. HARDIN,
Director, International Agricultural Institiie,
University of Californin, Davis.
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STATEMENT OF LOUISE NELSOW, ASS0CIATE PROFESSOR 0F Hcoxoamos,
Davibgox COLLEGE

DEVELOPMENT GF ENTREPENEGRSHIE FOR THE GREEN REVOLUTION

The ability of underdevelopeldl conntries to adapt to the .Green Revolution
depends upon complex factors. One of the most important of these factors is en-
trepreneurship, for it sets the upper limits to successful adaptation to the revolu-
tion. That entrepreneurship is the scarcest resource in the countries within wwhich
the Green Revolution is taking place has been 1ecognized by nearly all those
who qre respomsible f£or the successes which have been obtained ; however, koo
litfle emphasis has been placed upon developing the requisite skills for entre-
preneurship.

An attemnpt showld be made te harneds the forces emanating from the Green
Revolution to generate entrepreneurship of a type most suitable, and in areas
where it is needed most urgently, namely, within the rural environments. The
agri-business cenfers within these areas, a few of which are beginning to develop,
show promise for tbis purpose Im general consideration of the whlity of the
agri-business centers has led to emphosis upon their potentinl for providing ade-
qnate non-farm employment opportunities for exeess agricultural labor and
for providing income to support markets fer inereasing supplies of food. The
potential in these centers for development of entreprensurship has usnally been
neglected.

At the same time it has been fully recognized that facilities for marketing,
storing, and processing agrieultural products are inadequate or abgzent, and
that credit facilifies through which small-seale produceis, may scquire seed
and fertilizer do not exist in most areas. These deficiencies are harriers to many
Torms of effective entrepreneurship. However, all this is to the good, for mder
the circumstances development of appropriate institutions and development of
effective entrepreneurship can be muinally supporting. What is bad is that the
propitiousness of the cireumstances is not readily apparent to these who are
responsible for adaptation to the Green Revolution. ‘This is so for several reasons,
among which is the faet that imported top-down planning s an aura of ex-
nertize that insulates national leaders from the responsibility to mobilize internal
entieprensurinl resourcos.

There are several advantages to utilizing {he agri-business ceaters within
rural environments as training cenfers for enirepreneurship, Wirst, the re-
sponsibility of developing countries fo mobilize their internal entrepreneniial
resources will be assimed, and uuder circumstances that encourage from the
bottom-up democratic processes. Second, in view of the uncertainty ahout just
what polities and practices will lead to oplimmn adapiation to mproved agyi-
cultural processes, small-seale alternative solutions can be tested at local levels.
This minimizes risk of failure on 0 national scale, and it is conducive to imagi-
native, creative solutions to preblems that are unigue to specific areps. This
latter advantage is especially signficant in countries where there are valious
ethnic and religious barriers among the peasant producers. Third, the centers
will provide sufiicient economic opportunities to attract talented, eduecated,
urbanized young peeple who ean most easily be trained for entreprenenrship.
Thig will dscourage the squandering of this valuanble manpower, which is
s0 often the case. It will also discounrage the alitism which tends to acerue to
well-educated members of urban societies and which has inhibited the develop-
ment of efiective entrepreneurship. Fourth, and most important, the widely de-
centralized feature of the agri-business centers within numerous ruval arens
will encourage wide-ranging experimentation and adaptation Pregmatic busi-
ness skills in large numbers of relatwely small enterprises 1oill be developed.
The Impact of such skills ypon the-underdeveloped countries may prove as -great
-Ls-the impact of the Green Revolution jtself.

The matter comes to this: attempts to build some segments of what is needed
Tor adjustment to the Green Hevolution, from the bottom up, will mobilize critical
resources, emphasize democrafie processes, minimize risk of failure, and sustain
progress. These attempls, in essence, will utilize the strains and tensions that
have been generated by the (Green Revolution as ahrasives to fashion appropriate
receptacles Tor it.
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(These remarks were included in the hearing record at the request
of Mr. Fraser.)

STATEMENT 0F WILLIAM R. PEARCE, VICE PRESIDENT, CARGILL, IKC.

Arthur K. Watson recently spoke of the troublesome old fradition that requires
speakers to come np with a title long:before they know what they want to talk
about. The tradition froubles me too, but for a different 1eason. My problem is
that an “appraisal of grain prodnetion and.demand” is so discouraging for those
of ug who tend to judaze the world grains situation in ferms of U.S. export
prospects .

World food grain produetion is increasing much more rapidly than eifective
demand. Because new production is fairly well distributed, levels of frade have
declined in three suecessive years. U.S. wheat exports dropped nearly 30 pexr cent
last year The world wheat surplus alse has spilled over into feed grain anarkets,
especially in Western Burope. As.o result avorld feed grain exports have leveled
off andthe U 8§ share has declined .

WWhile there may be some improvement thiu year, it's not likely to be very sig-
nificant. Factors that have pushed .production well ahead of demand—and these
melude new technology, new producer incentives and new determnination on the
part of governments fo protect producers from foreign compelition—vill eon-
tinue to have their eflect.

Nowhere have thess factors produced more dramakie results thon in Asia, Itis
not exaggeration fo say that recent increases in productivity lave alfered the
socinl and economie outlook-of this ares beyvond measure, Neiv production of wheat
and rice in Asia is certain to influence both patterns and magnitude of world
grain trade in the years ahead. YWhat seems less certain is whelher the impact of
this success will be felt mainly on ithe supply side-or mainly on the demand side
of Lhe world-market equation.

There are several reasons why wheat and rice production in South and South-
enst Agia hag risen faster thau in any other area in.the last three rears A change
in the focus of the T.8. aid program from food Aid to.agricvitural developinent is
pantly responsible. A sharp inerease in the amount of technical assistance, grants
and credits for these aclivities also contributed. But the most important factor
has been the spread of new, high-yielding, fertilizer-responsive dwarf varietiey
ol wheat and rice. These new seads. combined with a package of improved inputs
and culturzl practices, have increased yields under field conditions by multiples
of two and three. Beepuse they mature faster and are day-length insensitive,
many farmers can now acliieve these results with bwo «crons, wheze previously
only one could be grown As Dr Norman Borlaug, who. more than anyone else,
is regponsible for development; of the new seeds, has observed, these “spectacular
increnses in yields, destroy, in one giroke, the built<in conservatism or resistance
to change that has been passed on from father to.son for mauy generationgin a
system of traditional agriculture.” (1}

The greatest impnct of the new varieties has been felt in Indin, Pakistan and
the Philippines. India lias boosted its wheat production in four years by more
than half Pakistan has-done af least as well, New production.of-both wvheat and
rice in West Pakistan have been more than sufficient to ¢ffset deficiis in XMast
Pakistan. The Philippines, long an impoiter .of rice, is now producing exportable -
surpluses Beyond this, the new technology is in various siages of development
in nearly a dozen other countries in Asia and Africa.

The full implications of this so-called “green revolution® ars not.easy to.assess.
Here even experts dicaglee, and. they disagree to 2 surprising extent.

FAOQ, in the provisional draft of its “Indicative World Plan for Agrienltural
Development” under discussion this wesk in Rome, apparenily concludes fthat &
much more rapid increase in cereal production in developing nations is necegsary
not just to assure an adeguale supply of staple foods but also, to increase their
foreign exchange earnings.{2) Dr. Borlang. on the other hand. is concerned that
tlie momentum glrendy achieved nmpises the pessibility that o number-of develop:
ing eountries in the Near Bast and the dMiddle East will be produeing sizable
cxporg surpluses within 5 years, (3)

Dr. Borlaug points out thai Pakistan already is faced with serious challenges.
Pakistan iz capable of producing 10 million tons of wheat—or 234 million-tons
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more than her domestic needs—on land now planted to wheat. In the ahsence of
other acceptable substitute winter crops, Pakistan must try to restrict produc-
tion—as Mexico has—or begin looking for export outlets in a world market
already depressed by large carryover stocks

FAO recommendations apparently are based on the assumption that, in the
long term, comparative advantage lies with developing countries and, for this
reason, & shift of resources from agriculture in the rest of the world would
benefit both sectors. However, 28 Quentin West observes in the November 10
izsne of Foreign Agriculture, “the study itself provides no analytical proof that
this is so. There is no general agreement among economists on this point . . .»
(1) Dr. Borlaug has noted that comparative advantage involves not just the effi-
ciency of the productiom systems. For developing countries, inadequate pur-
chasing. storage, trausport, milling and port facilities all represent serious
'bottlenecks.

Ester Boserup, writing in (eres, an FAQ publieation, has suggested that,
questions of comparative advantage aside, developed countries simply must
aceept and accommodate this new surplus production in commercial markets.
This is possible, I suppose, but I think it tends to ignore recent world market
experience. Failure of the major wheat exporting countries to discipline them-
selves sufficiently to achieve minimum price goals of the International Grains
Arrangement for their cwon benefif, makes me skeptical that they can be per-
suaded to do so for the benefit of new surplus producers.

Nor dees there seem much likelihood that world market growth will pro-
vide an outlet for the new production. Developed countriegs have inereased their
cereal production by 120 million metric tong, or 17 per cent per capita, since
1960-64. (5) ORCD predicts that if present policies are retained, by 1985 they
will have increased production of exportable surpluses six-fold. Only Japan
is expected to inecrease her imports significantly.(G)

The prospect that developing countries will turn 4o world export markets,
stems partly frem the faet that income benefits of their new produciion have
not been widely distributed. Fewer than 10 per cent of the 700 million persons
dependent on agriculture for their living in Southeast Asiz have been hene-
fited.{T) As Clifton Wharton has noted, the new techmology has been largely
confined to regiong “already more advanced, literate, responsive and yprogres-
sive and which have better goil, better water management, eloger access to ronds
and markets—in sum, the wealthier. more modern farmers.”(8) The result has
been that extensive investments in 'the netw technology have added very little to
employment, income and domestic markets for the new production.

This concentration of the new fechnolegy has created more serious problems
of another sort. They have been described by Richard Critchfield, writing in
the Newr Repudlic. (9)

“Since the initial impact is to make the rich farmers richer and {he poor
and the lazndless poorer, the cocial and politieal changes of the wheat and rice
revolution have already been far-reaching. IT.ast January, class war struck
Tanjore, in South India’s rice bowl, which had done exceptionally well in rice
yield. With more to share, landless tenants began fighting Iandlord’s for higher
wages. . . . Some TWAQ economists believe the new seeds figored significantly
in the fall of Pakistani president Ayub Khan. ... I heard sericus talk from
both Indians and Pakistanis at FAO of the possibility that Pakistan's growing
* prosperity might lead to a breakoff of Bast Pakistan and its formation with
Tndia’s west Bengal of a new, independent leftist and possibly ungovernable
republic.”

Rising frustrations of farmers who have been left behind has added impetus
to migration from rural greas to urban slums. In recent testimony before a Sen-
ate eommittee, Dr. Philip M. Heuser. Director of the University of Chieago’s
Population. Researeh- Genter described Implications of this movement. (10)

“Poverty, hunger. frustration and alienation are seriovs enough in widely
dispersed populations in the rural countryside. but they become an explosive
powderkeg in mass populations concentrated in densely inhabited urban cen-
ters . . . In consequence, the prospect is that in the next 30 years . .. world
social unrest i likely to inerease not decrease . . . the severnment of the United
States. as well as other zovernments. will be faced with more, not less, erucial
international problems, diplematic and military.”

TWhile these so-called “second generation” problems 2re now gaining wider
attention they are not likely to be solved very soon, or very easily, Hxtending
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the benefits of modern farm technology to subsistence farmers in isolated rural
villages is not simply a matter of suppyling them with technical inputs—seeds,
chemicals and water—and teaching ‘them how to use them. It also will require
creating the infrastructnre off a modern marketing system—iransportation and
facilities for preserving, grading, handling, storing and processing of produc-
tion. Further, it will require credit facilities and markets to chanmel inputs,
transmit price incentives and dispose of production. None of these exist in
Asia’s rural hinterlands, except in very rudimentary form.

Beyond these requirements lie another set of barriers we understand very
liitle. As Gunnar Myrdahl ‘hasg poinfed ount in his Jengthy and scholarly work,
Aglan Drame, an Inquiry inio the Poverty of Naitions, much of the isolation of
rural areas stems from more infractible problems rogted in land fenure relation-
ships, religious beliefs and the institutions and attitudes which spring from. tradi-
tional patierns of viilage life. All of these influences stand as barriers to infusion
of modern technology.

The solution to both these problems—new surpluses and_ rising tensions—
would seem 4o le in achieving a belier halonce bebween food production on the
one hand and consumer income and demand on the other. This may require a
rather fundamental change in policies supporting development,

It snggests first Tenewed emiphasis on development of light industries to
capitalize on labor-cost advantages of developing nations. As David Bell ob-
gerved recently, “If increased agrienltural outpuot is to be gold, internal markets
must grow, based on rising wrban and indusgtrial incomes.” (11)

Recent suceesses in agriculiure have tended to obgeure the fact that, in de-
veloping countries as a group, since 1860 production in the industrial sector has
grown more than twice as fast ag farm produvction, (12) The contributions of
industry to growth and development have been limited not so much by lack of
comparative advantage as by tariffs and other devices which discriminate against
low-cost manufactured products in developed-country markefs.

President Nixon recently reaffirmed U.S. support for tariff preferences for
developing countries, but there iz little evidence of similar interest support in
the Congress, In part this results from ineffectiveness of provisions of the
Trade Act of 1962 intended to assist industries damaged by tariff reductions. 30
far not a penny of assistance has been paid out under those provisions, David
Rockefeller hag suggested creation of a Naiional Adjustment Board with broad,
flexible authority to provide prompt relief and underwrite necessary adjnstments
in industries and ¢communities adversely affected by imports. (13} If this proposal
iz acted on, it may be possible to attraet support in Congress needed to provide
a growing market for manufacturad exports of devéloping countries.

However even if we and others provide the basis for more rapid industrial
growth, there ig little likelihood that industry in most developing countries can
absorb and provide sufficient income to people now underemploved in rural areas.
Instead, as Gunnar Myrdahl and others tave observed, while industrial growth
gathers momentom, agriculture must serve as the welfare base for rapidly
expanding rural population.

This stropgly snggests-a new strategy for agvieultura) development, guided by
two imperatives. First, by the continuing need to inerease production and second
by what may be the mere urgent need to deal more effectively with preblems
arising as a resuit of vast unemployment and vnderemployment in rural areas.

This does not imply thal investments in the technology of the “green revolu-
tion” be discontinued. It suggests, ingtead, that parallel efforts be made to improve
the performance of subsistence agriculture so that it can provide better em-
ployment and income opportunities for rural poor and thus shield more developed
sectors from great influxes of people. William C. Thiesenhusen, writing of similar
problems in Latin Ameriea, calls such & poliey “confrived dualism* (J14)

David Rockefeller recently aliuded to the danger in confusing concepts of
“erowth” and *“development.” Both are essentizl. (15) Growih refers to economie
progress, Tt appedls to.developers, partly I suspect because it is easy to measure.
Development, on the other hand, involves ““a host of gocial, enlitnral, political and
psyehological factors” more closely identified-with human need.

Thig distinction seems especially imporiant in shaping goals for agriculture.
Success of the “green revolutien’” has relieved immediate eoncern ahout adequacy
of world food supplies. This success makes it possible to shift the foeus of in-
vestment strategy In many developing countries from produetion sand supply,
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which support gzowth, te. income and dewand, which are more -essentiy] to
human progress. . )

. Quy support for this reexaminatiom of goals-and strategies 15 bound to be nis-
understood because of the interest all of us share in preserving and expanding
markets for W.S. grains. Still, in this case self-interest 1 strongly supported
and reinforced. by ¢ompelling human need, I present Dplicies for development
remain nuchanged the main impact of the new technology in- Asia will lileely be
felt in world markets already depressed by-surpluses If it can.he redirected, it
counld mstead provide inpetus for much broader and more significant progress.
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StaTEMENT OF M. EDWwaARp Perers, Kerr-doGEE CHEMICAL Corre., T'OSTORIA, OEIO

Ar, Chairman; First, let me extend my appreciation to Gongressman Robert
Tatt, Jr. for bis invitation to attend thig symposium,

To be-in agreement with ourlearned panelists and in particular Mz Dennison,
I fee] that Agribusiness mustplay a for greater role in the““Green Revolution?” in.
the Tucore. As I appear to hold the distinetion of being-the only person in at-
tendance repiesenting Agribusiness, let me say I am proud that Eerr-McGee
Ohemical Corp. does have the foresight to recognize onr developing nations ag po-
tential markets in the next decade YWe are watching this progressy with much
interest and'enthusiasm,

With dynamic leadership, concentrated cooperation between Institutions, Goy-
ernment Agencies and private Industry, ‘we firmly believe that unparalleled goals
will be achieved in International Agrieulture Development in the seventies,
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STATEMENT OF K. SAEDEY, Spcoxp SEORETARY (Floowoario), Iarmassy orF INDra,
Wasmineroxn, D.C.

Thte Foreign Affairs Commitiee, and Congressman Clement J. Zablecki in par-
tienlar, need 1o be congratulated on olganizing a timely symposiuou on an ex-
tiemely important and relevant topic. Not only does the Green Revolution promise
to put an end to a past of hunger and mmprovement, but it also seerns likely
to determine {he shape of the future, not merely in agriculture but in almost
every aspect of the lives of many nations. In the international sphere it could well
redraw trading patterns-and lead to a recasting of the relationship between the
rich and the poor nations of the world.

Such being the importance of this phenomenon referred to as. the “Green Revo-
Intion”, the discussions of this impressive assemblage of widely acknowledged
experts ¢anmot but be of great interest fio those concerned with and involved
in the changes being wrought by the new agricuitural technology

One thing on which all speakers were agreed was that what had been achieved
50 far was merely a beginning. The real promise lies ahead, at the end of a road
lined with efforis of unprecedented magnitude. Thig is well recognized in India
whose leaders have firmly discouraged any euphoric fallk of a Green Revolution
resuiting in a guick and easy solution to all food problems. The emphasig is on
long term and comprehensive measures to incrense food production at o rate fast
enough to lreeh pace not only with the rise in nopulation but also with the increas-
ing per capiin consunmption of food which is expected to result from rising in-
comes. There are no illusions that this will be easy. It requires, as was clearly
seen by the participants in the Symposium, dedicated effort and billions of dollars
worth of investment in programmes to produce more fertilizers and pesticides,
builéd millions of tons of storage facilities, hundreds of thousands of mileg of
roads to ear:y the Inpnts and the preduce and 4 massive effort to provide more
Irrigation to free agriculture of the vagaries of the weather. The Government
continues to accord a very high priority to meeting ithe resource nesds of the
agro-industrial sector,

M1 Lester Brown made a very significant observatmn thai there is always a
tendency to give credif for sueh a revolution to the lasgt essential ingredients to
make its appearance. It iz not always remembered that the rniracle seeds, or
even changes in policies regarding agricultural prices. could not have by them-
selves brought about, and cannot 1n future sustain, the Green Revolution. The
industrial base built up in India through the efforts of the past twenfy years will
play a crucial role in carrying forward the momentum now being built up The
Green Revolution will male heavy demands on industry and will eall for sub-
stantial addifional investment in it Furthermore, the rising incomres in the
raral sector will lead to an expanding market for consumer goods, The Green
Revolution can well trigger off o revolution in the demand for industrial products,

The Symposinm stressed the possibility of large scale social disruption, if the
Truits of the Green Revolution are not spread more evenly. The Indian Govern-
ment is well aware of {hese dangers It is a historic fact that technelogical
chanees necessitate social change. India’s Mome Minister recently told a meeting
of the Chief Afinisters of all the Indian States that “unless the Green Revolution
is baged op social justice, I am afraid if may not long reinain green ' Inslitu-
tienal changes will, of course, be needed, to ensure greater security of land
tenure, expansion of credit facilities in rural areas, streamlining of morketing
arrangenments and much else besides. A1l this will male it possible for the small
farmer to benefit from the Green Revolution. Ax Mr. John Lewis pointed ouf,
the new technology is not inberently biased agzinst small farms, There is no
reagon, therefore, why the sirall farmer cannot be the pillar, instead of a vietim.,
of this Revolution.

X. SAHDEV,
Embassy of India, Washington, D O,

STATEMENT oF IfpGaR A. SCHULER, PROFESSOR, EDUCATION AND SOCIOLOGY Docias
SciExce TEACHING INSTTIUTE, AMIcHIGaN Srars UNIVERSITY, LANSING

Chairman Clement J. Zablocki and the others responsible for plamning and
carrying out o suceessful sympeosium/hearing on the “Green Revolntion,” de-
serve warm congratnlations not only from grateful observers but from the inter-
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national publie interested in recent significant developments in this very rapidly
changing sityation. Chairman Zablocki’s invitation for ohservers to send him,
for publication, their Tenctions to the stimwlating and informative presentation
is generouns, much appreciated, and deserves our considered responses. 1 consider
the two questions posed by Ar. Zablocki perhaps the most impertant of those
raised in the course of the sesgion: How can ive cooperaie more eifepﬁvely? Do
you see any possibility of cooperating with mainland China in helping it solve
its food problem? The following personal statement, which I am happy to sub-
mit, I trust has some relevance to the first question.

Regarding Mr. Zabloeki’s second question I must say I was greatly heartened
to lear it raised, for it demonstrates an outlook of sympathetic, humanre con- .
cern, and an inquiring frame of mind, 'which taken together are most likely to
lead to peaceful co-existence and eventusl cooperation with the People’s Republic
of China, Since X have hived and worked for four years on mainland Asia, never
far from the borders of China, I am frequently reminded that e Americans are
often unconsciously patronizing and very unrealistic in what we think, how we
Teel, and what we gay we want fo do about Asia and Asians, Today’s loeal paper
contains a story by Jon Mordheimer about a spectacularly successful young Texas
businessman, H. Ross Perot, whose recent public service activities include a na-
tional ad eampaign supporting President Nixon'’s policy in Vietnom. His point of
view, I think widely shared, really the antithesis of Chairman Zablocki’s is con-
tnined in the following words: *. . . all the presidenis and their secretaries of
state since Truman have come te the same conclusion, that we must stobilize
Asgig”*

TWhat we fail to realize is that Asiz is not ours to stabilize. Congressman
Zablocki’'s question reveals an outlook which would permit and encourage re-
newal of our ohce warm cooperafion with the Chinese, for the relationship
would not cost them their self-respeet. This is essential, and the sooner we learn
it, and implement this understanding, the sooper we will relinquish our jn-
creasingly hazardous and potenfially suicidal dependence on force and violence
to assure the security all peoples seele

Wendell Willkie clearly saw and reported the Kind ¢f international inter-
dependence which he espected o emerge in the post-World War II period in
his unforgettabio 1943 book, “One World,” Buft most people in both developed
and developing countries still do not see the imperative action implications of
these internationgl interdependencies, If the ingight and perspective gained by
astronaut Frank Borman (guoted below) in his Apollo 8 trip to the moon is
widely disseminated and generally adopted it eould prove to be the most valuable
refurn from ovr entire decade of American investment in oufer gpace science and
technology. Dr. Robert Leestma quotes from an article in LIFE magazine as
follows: “Borman said as he caught his first view of the earth on the refurn
fight: -

“The view of the earth from the moon faseinated me—a small digk, 240.000
miles away, It was hard to think that that little thing held so0 many problems,
so many frustrations. Raging nationalistic interests, famines, wars, pestilence
don’t show from that distance. I'm convinced that some wayward stranger in
a spacecraft, coming from some other part of the heavens, could leok at earth
and never know that it was inhabifed aft all. But {the same wayward sfranger
wortld certainly know instinctively [this T might quesfion] that if the earth
were inhabited, then the destinies of all who lived on it must inevitably be
interwoven and joined. We are one hunk of ground, water, aiv, clouds, floating
around in space. From out there it really is one world.’ # 2

Most people in developed countries now seem to have come to aceept the as-
snmptions, outlook, and broad implications of a scientific point of view regarding
our world and the solar universe. The miracle -.of -men gctudlly landing on the
moon and returning-to-earth: acedrding to precise plan, all with safety, has eon-
vineéd the most skeptical that, given time and resources, men using the methods
of science-and technology can solve problems of a complexity hitherto considered
ingoluble. But I was struck by the apparent assumption, which seemed to me
unrealistic, of some symposium participants that implementation of the Green
Revolution would be comparatively simple, now that the really difficult work of
plani breeding had been accomplished, and should take far less time than the

L The State JouFnal (Lnnsing Mich ). Sun , Dec, 14, 2069, p. C-7.
2 Hearings before 4 snbcommittee of the Committee on Appropriations, House of Repre-
?_lé!éga)tlfesio%‘ést Congress, first sess., pt. 5, Office of Education {Washington : U.8.G.P.0,
s P .
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painstaking .and long-drown-out process of genetic manipulation. I do nof wish
t0 minimize in any way these “miraculous” achievemenis to date But I am in-
terested primarily in the people awho ultimately must.be willing and able to put
to geod use.the new knowledge and technology if the world's hinger and nm-
trition problems are.to be solved. Hence I thiuk the thrust of Secrefary Clifford
Hardin’s keynote address deserves emphasis:.even in this rich country, where
nnecontrolled inereases-in agrieultural preductivity remain an unsolved domestic
problem, domestic problems. of hunger and nutrition aiso face us. Despite the
dramatically encouraging evidence of the last few years, so long as-agriculture
remaing largely subject to the weather even the Green. Revolutlon promises
no dependable solution to the food problem so far as mankind as a whole is
concerned,

TWhat we think ought to take place nexi, in our continuing efforts to solve
these basic problems of survival, will depend very largely on our concepfion
of how things bang together, on cur undersitanding of the crucial variables and
their econtrol.

Dre, Harrar's paper states, and none would disagree, that the “cooperative
arrangement between the Government of Mexico and The Rockefeller Founda-
tion” which began in 1943 has played & germinal role in developing the con-
cept of international agricultural research institutes. The International Rice
Research Ingtitute (TRRY) at L.0s Bafips, in the Philippines, was certainly built
mainly on that model. These two ageneies, which have been functioning now for
some years, and the two tropical agriculture research instifutes now being de-
veloped in "Colombis and Nigeria are largely focused on natural science and its
applications. They have enabled us to go far toward solving the developing
world’s food problems., But having evelved the means {0 cope with these problems
at one level we now emerge info 8 new phase where the riddles are of even
gregter complexity and more ‘bafling multiplicity. For at the new stage, in thiz
endlessly emerging sequence of new problems in -development, we must deal,
not with troctible domesticated plants, but with adovlt human beings who have
pride and sensitivity, who insist on very considerable autonomy, who have &
§trong .sense oF the traditicnal, and whose material resources sre so painfully
limited that only the irresponsible would gamble.on the vaunted new methods at
the risk of falling below minimum levels of security.

Tormer Secretary of Agricultnre Freeman stresged the solutions aclieved at
the techmological level. But he Irankly admitted the emergent problem: “How
do you get people to eat newand improved foods?” He might have added., “Bat
that just don’t taste right !

Lowell Hardin pointed out that indigenous leadership hag played a major role
in' the Green Revolution, with governments piaying supporting roles, (The
contribufions of private foundations are too well known and appreciafed to need
emphasis here.) He said the unsung hero of the Green Revolution might well be
the farmer, the villager, who-has-rather consistently adopted “improved methods”
when it was in his inferest to do so.

The Rockefeller Foundation Vice President, Dr. Myers, speaking in Dr. Har-
rar's absence, emphasizeq the.importance of “country™ rather than international
programs (though they would require strong international components): re-
search and experimentation planned and execited within the framework, and
genred to the distinctive needs, of the developing countries themselves—for they
are .or aspire t0 be sovercign nations regardiess of how limited their own re-
sources. Most critical, Dr, Myers said, are fhe human resourees,

I think the validity and importance of these observaticns cannot be over-
emphagized. They are Nlusirated by the experience and achievements of the
only overseas development institution I know something about: The Pakistan
Academy for Rural Development, st Comilla, Bast Pakistan. Under the leader-
ship of its fivst Director, Dr. Akhter Hameed Khan, who recently retired, from
government service, it has invented/discovered an impressive new model for
peaceful and confinuous social change which, in the 1ong run, may well prove rev-
olutionary. Some major components are over n century old and widely known,
such as Germany’s Raiffefsen iype cooperative, and this country's land-grant
t¥pe people’s college and university. Others are so new as to be in advanee, prac-
tically speaking, of the most developed countries. WWhen Senator Fred R. Harris
proposes, as-he did in 8. 836 In 1867, legisglation to ereate a National Foundation
for Social Sciences, T thinlk he can find one version of his vision anticipated by a
decade and now 4 vigorously funcfioning reality—on the other side of the globe.
The Comilla Academy operating in its vnigque human laboratory illustrates-§ome
aspecis of such an ageney, including its inherent difficulties as well as its wtili-
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ties. Bfficient nse of scarce professional snd technical manpower multiplies its
effectiveness. It is creating an entire new pgeneration of tested; dincreasingly
competent and politically ambitious, tireless young leadership. This transforma-
tion is taking place among rural people as well- as government officers. Hence the
Comilla model, as a.development institution which may be visited, cbserved, criti-
eized, and studied for possible-adaptation anywhere in the world, I bélieve goes
far beyond thoseidentified by Dr. Harrar as most gignificant. .

In its laboratory area new development-ideas,ipolicies, practices, andiprograms
are heing experimentally undertaken, and scienfifically obsenved -and analyzed,
on o small scale. The innovation’s adyantages as well as its liazards, conse-
quently, ean be experienced, diseussed, recorded_and: communieated. £or-the con-
sideration and poliey-making guidance of 211 concerned “There is nolmagicun
technology unless it is applied,” js the way Secretary Hardiw puf it Since
Cornell University Press is about to publish the fivst book in Englisk on the
subject-~Rural Development in Action: The Comprehensive Bxperiment at
Comilla, East Pakistan, by Arthur I. Raper, et al—those who are interested
can soon inforin themselves if they wish.

On.the symposiam topic an Academy publieation I received just one year ago
deserves mention because it is so relevant and informative: “Cultivation of
TR-8 and Irrigation Prospects and Problems: A Report on the Farmers Seminar
Held Fromr Aarch fo day 1969,” by. A, M. Akhanda and M. Ameerul Hug. It
reports candidly on the causes of failure as well as on the generally very great
successes experienced by nearly 2,000 farmers and government officers from all
parts of Bast Pakistan when they tried cut the new IRRI rice seed supported by
irrigation. The reports of their discussions demonstrate that improved genetic
rice straing are by no means the end of the better food supply story. For is it
cortar that TR—S rice is best under all conditions in Bast Pakistan, for- the
authors state that as they were writing this monograph “more than 2,000 IRRI
selections” were being tested, «(P. 13) |

Cliftonr R. Wharton, Jr., the new president of Michigan State University, has
warned that even though: the-fear of starvation may be ended by the Green Iteyo:
lution it will assure a more palatable, so to speak, but nevertheless difficult and
novel set of problems. Unless those whe are interested see and sequentially pre-
pare for the entire range of major problems which emerge as we pass-from oOne
phase of 1nereasing development to the next, from the near future to the long
Tun, we are likely to experience needless shoclk, frustration, and disappointment.
Turthermore, unless the benefits resulting from successful development are dis-
tributed reasonably equitably it is possible, perhaps even prebable, that death
and destruction will' accompany the process rather than life .and -dévelopment.

Lester B Brown’s paper eites a New York Times acconnt of 42 persons being
burned to death, late in December 1968, “in Tanjore, one of India’s model’ agri-
eultural development districis.”* He says this was because there was disagree-
ment, “a tragie clash between fwo groups of landless laborers,” who fought over
“hosw best to get a share of the benefits from the new seeds being planted:by land-
owners in the distriet.” (P. 21) Wharton's aceount of the same confhet calls it
a clagh “between the landlords and -their landless workers whoe felt that they
were not receiving their proper share of the increased prosperity brought by the
Green Revolution.”*

Tinder ihe eonditions which prevail in much of the devéloping world né Com-
munist conspiracy is reguired to account for such violemee and killing. No man
today is happy to perceive himself as the means for anotherls enrichment under
terms and conditions he considers unfair to himself and his loved one’s

The perceptive final paragraph of Dr. Wharton’s paper, quoted above, deserves
onr most serions theught and implementation :

“The quiet, passive peasant is-alreddy aware ob the modern world—fEar more
than we realize—and he is impatient to gain his'share. The “Green Revolution”
offers him the dramatic possibility of achieving his goal through.peacelul ‘means
It has burst with such suddenness that it has.caught many unawares Now is the
time to place it in. its long-range perspective and to engage in contingency ‘plan-
ning so that we may respond flexibly and guickly as the Revolution proceeds
Perhaps in this way we can ensure that wliat we are providing becomes @
cornucopia, not a Pandora’s box.”* )

Y

1 December 28, 1968, p. 3
2orareign AfTairs™ (Anril 1969}, p. 408.
3 Ibid., p. 476. i
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STATEMENT OF THE AGENCY FOR INTERNATIONAL DEVELORMEXNT (SUEMITEED RY
Alg. MatreEEW J. Hagvey, DIRECTOR, (ONGRESSIONAL LIAISON)

. Deceyvner 19, 1969,
Hon CLEMERT J. ZABLOCKI,
House of Representatives,
Washington, D.C\

Dear COXQRESEMAN ZABLOCKT ! In response to yom invitation o send additional
comments to you for inclusion in the Committee's Report on the Hearing on- the
Green Hevoluticn, I am submitting twwo-documents.prepared recently by the Office
of Technical Services, Hast Asia Bureau, A.LD. These are examples of one
approach which we have taken to give our field misgions the thinking of social
scientists about the impaet of the high yielding varieties on the development
processes in countries where we are working. The papers are heing used with.
other ideas in shaping.our programs in rural development. They indicate a partial
answer to your question about what changes are being made in A.LD.’s programs
as g result of the “Green Revolution™.

Sincerely yoms,
Marraew J. HARVET,
Director, Congressional Licison.

Toclosures: (2).

Frow : ATD/Washington.

Subject: Policy Implieations for TUSAIDS in Bast Asia of Recent Bxperience
with New High-Yielding Grain Variefies—Interpretive Summary Review
SEADAGs Rural Development and Asia Soclety's Second International
Seminars).

1. Two SEADAG Seminars held during June 1969 brought out lessons of
recent experiences with the new high-yielding grain varieties and other devel-
opmental: programs which have oflered important policy lessons in agriculinre
and have pointed out significont social, poltical; and economic implications
for governments and A, J. D.s of the Eagt, Asia region to congider in develop-
mental programs.

2. The coniinued progress of agriculture in these countries will depend on
the abilities of the governments to shape agrieultural policies 4nd develop-
mental programs to fit the needs indicated by this recent experience as brought
out in these discussions and in AdQIYs Spring Crop Review (Ref A, B, C).

3. The breakthrough with the new grain varieties and the knowledge from
this experience as set forth in the subject discussions will have a direct bearing
on AID’s policy and program of assistance to agriculfuie in the countries of
Fast Asia, Missions need to recognize the implications and to exerciss leader-
ship and guidance roles for governments where possible. Where appropriate,
reappraisal of agriculiural assistance programs in the-light of this recent experi-
ence will be in order.

4, Phe first of the two SBADAG scssions was Lhe Rural Development Semi-
nar m Honoluhw, June 1921, 1969 on I'mplicetions of Technical Change on
Gruin Production end Trade in Southeast Asia, and chaired by Dr. ¥ernon
Ruttan, Head of the Depariment of Agricultural Economics, Tniversify of
Minnesota. Several outstanding economist and other social scientists from Asia
and the T.8. presented papers and particpated in the discussion (see Appen-
dix 1 to Attachment A).

. The second of the SEADAG Sessionsg was the Second International Confer-
ence in New Yoric June 23-25 ow Agriculiural Imnovation in Southeast Asia:
The Implications for Development. This meeting was orgamzed and condueted
hy the Asia Seciety under SEADAG augpices. Some of the selentists who had
participated in .the Honolulu conference also' participated in this seminar
Others, also with international reputations, participated (see Appendix 2 to
Attachment A).

8. Participation of the Asian scholars pmvided # unique opportunity to gain
the Asian viewpoini and to exchange views wifln Western scholars. Collec—
tively, the participants offered A.LD. the opinions and thinking of some of the
world's leading academicians and gcholars -on developmental’ igsues arising
from the experience with the new -high-yielding grain varieties. Having fol-
lowed AIlYs Spring Ciop Review, the discussions reflected knowledge gained
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from this exercise in addition to providing a wider overview of economic;'social,
and political faectors, particularly as relate to Southeast Asgia. -

7. An interpretive summary review of the predominating views expressed
on principal issues is presented in aftachment A. This review aims af relating
the political, soeial, and economic implications expressed ip the Seminars to
countries of the Wast Asia region, and to policies and programs of USAID,
Summaries of papers as presented will be forwarded to Missions, followed by
final edited papers as soon -as they are available, SEADAG Seminars can be
of value in developing A.LD. assistance programs -when properly interpreted.
Attachment A is an attempt at'such an interpretation.

ATTFACHEHMENT A

INTERPRETATIONS AND SUMMARY REVIEW oF SEADAG'S R‘UBAI.DE‘VELOP_MENT SEM-
INAR AND THE AsXA SocETY's:SECOND INTERNATIONAL SEMINAR-IN JONE 1969

SEADAG Rural Development Seminar on “Implications of Technical Change
on Grain Production and Trade in Southeast Asia, June 19-21, 1969—Honolulu,
Hawaii,.Chaired by Vernon Ruttan (Dr.).

Asia Society’s Second International Conference on “Agricultural Inmovation
in Southeast Asia: The Implications for Development,” June 23-25, 1969, New
York, N.Y. (Chaired by Ambassador Eeuneth Young).

1. GEXERAL STATEMENT

READAG Seminars Highlight Economic, Socigl, and Political Implications of
Green Revolution

Two outstanding SHADAG seminars were held during June 1969 {o review
influences and implications of the introduetion-and-spread of the new high-yield-
ing grain varieties in developing countries, particularly in- Southeast Asia. The
first one was the Southeast Asia Rural ‘Development Seminar held in Honelulu
June 19-21, 1989, on the subject, Tmplcations of Technical Change on Grain
Production end Trade in Southeast Agia: The Implicalione for Development.
The meetings brought together some leading American and Asian scientists and
scholars well known in their professions.-ond experis on the Asig sitvation (see
Appendizes I and-2 to Attachment A).

The following review by Host Asin, Office of Technical Services, ATD summag-
rizes predominating views expressed in the sessions-on :principal issues facing
the countries of Fast Asia Region im ngricultvral .development, and on impli-
cations to USAIDYs policies-and programs These represent also a confirmation
and-further extension of AID's Spring Review assessments.

%, GOYERNMENT POLICY AND AGRIOULTURAL DEVELOPMENT

Techmological, Feonomie, and Seocigl Implications of Breakiliroughs with New
Grain Varieties Necessitate Careful Assessment and Development of. New
Government Policies for Continued Agriculiunal Progress

- Governments of LID('s need to recvaluate their development polieies in the
light of the recent experience with-the high-yielding grain varieties, Appropriate
policies, pursued vigorously and with dedieation ¢an do much to overcome
traditional inhibitions that have blocked progress of agriemltural programs for
Fears.

TUSAID efforts should aim at strengtheniing LDC policy actions In this respect,
significant influence by U.5/A.LD, Missions on- the formulation of appropriate
government agricultural and development policy through one or two specialists.
may contribute more to .agricultural.development thin a ‘dozen tecimicians
working.at-operating~levels on scatfered’ projects. Such important influence can
be directed at any oxe or more of the factors described in this review.

There iz need to reorient thinking and-programiming in agricultursl assistance
away from A.LTM’s traditional approach of--broad extension developmeni for
transfer-of U.83. kmow-how: Programs and efforts should be-shifted foward high
level policies concerning factors that are being commonly referred to as “second
generation.problems™; and others that sparked’the breakthrough and:are required’
to-sustainsit, . )

Among the crifical “second generation” issues are: pricing, markets, credit,
and trade; processing, storage and expansion of agri-business activities; improve-
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ment and expansion-of irrigation with attention to water management; develop-
ment of additional rural infrastructure; planning of agricultural goals fer a
diversified industry to realize full poiential of the-comparvative economic advan-
tage of each country; and politieal and sociclogical consequences of the new
technology.

To be considered among the factors which, sparked the breakthroughs and
are necessary to sustain it are: agrieultural research wtilizing inter-disciplinary
teams for development of adaptive technology suitable to local ecologies, climates,
and cultures; prieing and farmer incentives; organizing of single-crop campaigns
that cut across agencies to achieve “organized cooperation”; and assurance of
availability of agrienltural inputs, including improved seeds, fertilizer, and
water through cooperative programs of government ind industry with heavy
reliance on and participation of the latter.

3. PRICING

Government Subsidizetion of Producer Prices at Incentives Levels Considered
Necessary in Initial Stages for Farmer Adoption, but an Feonomicalliy More
Suiteble Base M ust be Sought as Continwous Policy for LD(s

Those countries which have made progress with new grain varietieg have
followed pricing policies which were favorable to farmers. In some instances,
these policies reflected changes from previous government practices of subsidizipg
consumer prices by enforeing low refail ceilings which depressed. farm prices
below production incentive levels. Such practices had been abandoned in those
countries where brealithroughs were made. In such ecages, prices were allowed
to seek world levels, or were guaranteed at minimum levels by the government
through programs of market infervention where the government bought o per-
centage of production at the guaranteed price. Experience has shown a definite
need for governmentf intervention in markets during peaks of harvests in some
countiies through purchase and storage programs to stabilize prices at minimum
price levels for farmers,

Experience also signals cantion against subsidizafion programs that generate
surplus prodnction which LIDC governments cannot finanee, which local process-
ing and storage facilities cannot handle, and which markets cannot absorb.
Yincountered in almost all cases of successful inereases in production were inade-
quate markets to absorb all the increases.

Prieing of inpuis for new technology has also proven to be important for
farmer adoptions The ratic of costs of inputs te the selling price of rice, together
with increased yields have combined to-increase farmers’ incomes. This has been
a key factor to influencing farmers to change,

Nevertheless, the high political sensitivity of inflated consumer prices is recog-
nhized, pariicularly with rice in Asin where governments.con fall on the issue of
scarcity of rice and highly inflated prices. However, the introduction of improved
farming technology can serve the interest of both the farmers and urban con-
sumers. There are a few excellent examples, such ag in the Philippives, of recent
experiences that illustrate these ultimate benefits Temporary subsidies through
floor prices to farmers may be necessary.

UBAID’s are encouraged to give priomty attention to pricing issves with care-
ful selectinn and use of highly specialized expertise and appropriate LD indirect
involvement., AL, and L D.C.’'s have limited experience with this complex sub-
Ject apd there is normally inadequate loeal competence to deal with it.

4, RESEARCH

New Innovations Emphasize Increased Importance of Adapiive and Besic Re-
search to Solve Second Gencration Problems and’'to Seck New Breakihroughs
Switable to TVWider Ecvlogical Ranges

New technology for agricultural plants and practices has evolved from re-
search in the ecological conditions and climate of the region, country, and sub-
geographieal areas involved. While research results may have shown o wide
geographical area of transferability, the transfers have been possible only within
rather narrow ecological and elimatological limits; £actors such as temperature
ranges, total hours of sunlight per crop, length of days, svater availability and
control, seils, and other factors place limitations on transfer of research results.
Even twithin these ranges of transferability adaptive research is needed to in-
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troduce the new varjeties to new areas and adopi them to varying conditions of
diseases and insects. In this respect, some of the new varieties have responded
better than-ofhers when antroduced into these new arens.

‘The breakthroughs with high yielding varieties resulted from research within,
given ecologicdl and climatologieal conditions These spectacular resulis with the
1ew varieties have emphasized the jmportance of research in government policy.
However, the genetic research which bas exploifed characteristics inherent in
plants is not enough. Additional researeh is required to sustain the advances
against-diseases and to develop new genetic stocks suitable tothe ecological con-
ditions and ciimates of 1he areas where they are to be grown.

The rapid ineredses in preduction of grains made possible with the new vari-
eties generated new problems. These require vesetireh in a number of physical
and social sciences fo realize the full potential of land and water resonrees, and
also to overcome inhibiting economie, soctal and physical facfors which lie be-
tween producers and consumers for achieving an optimum developed agriculture.
Imporitant among these are water and soil management, land utilization, crop
muitiplication and diversificntion, storage, transport, credit, farm organizations,
agri-businesses, markefing and trade systems management and teclhnigune, re-
search institutions and systems, traiped manpower requirements and availability,
infrastructural requirements, and training and-educational requirements.

USATDS are encouraged to sbonsor Sectoral studies for appraising research
needs and priorities among these factors as a means of advising governments on
policy approdches Such appraisals will enable Missions to defermine the most
effective use of U 8 resources in assistance programs.

Once research programs and goals are determined, research ¢an‘be made most
effective Through the use of inter-disciplinary teams composed of sufficient dis-
ciplines to forim a “eritical mass” of research talent In deterinining the degree
of in-country institutionai development for research, internal potential and effec-
tiveness must be weighed against assistance that ean De received from regional
programs and institutions. These are proving to be effective and efficient in most
areas of basic and applied research.

5. EXTENSION

Iiccent Sucecsses with High-Yielding Varetfies Indicaic that Batension can be
Successfully TUsed with Minwmum Cost, Ovganizetion, and Hfforts once Adap-
table Technology is Avalable to Batend; However Technical Assistance
dimed af Development of Batension Mstitutions and Afethodology, While
Laying ¢ Poundation, Has Not Been q Major Factor in the Achiewcment of
Riec and Wheat Broultheoughs

An extension service is important, but it eannot be suceesful without adequate
technology to extend. Experietice has demonstrated inadequacies in atbempting
to transfer agricultural technology from developed counfries to LD('s of difier-
ent climafeg, ecological conditions, and cultures without adequate adaptive re-
search, The sudden suceesses in farmer adoption of the new grain varieties and
the new technology which they require have taught us that previous failures
were due to the lack of adeguate new technology suitable for these areas HExten-
sion programs have fallen short of desirad goals hecauvse science had not given
them enough to extend, Farmers had not adopted the use of fertilizer on old va-
riefies hecause of the 20 to 40% increase in yields was nof sufficient to warrant
the risk of loss of iivestment, and more importantly the risk of loss of a sub-
sistence erop. Yields of three to foux times the amount of traditional agriculture
have heen shown to be necessary by recent experience with the new grains as
irncentive to bring about change.

Experience has also demonstrated that once the technology is available and
prices are right. the job of extension becoines minimal in terms of an orgnnized
government. gervice A well selected and trained, small gervice with adequate
transportation. financial and material support for demonstrations ean be effective
with key farmers who -act as innovators. Other farmers will follow the exam-
ples rapidly, olice a worthwhile result is demonstrated. The rapidity of the spread
has been swift with the new grains. The role of the private sector is imnortant.
Private enterprise through sales eampaigns, eredit programs (rural banks) and
marketing and processes bave alse provided extension services whieh comple-
ment government efforts,

Single crop campaigng organized and plauned by government, with private
sector participaiion, giving attention to the compleie package of requirements
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have proven effective wwhere there was strong motivation and dedication. ade-
quafely developed infrastructure .and resources, imcluding irrigation facilities,
drable land, and avaflable inputs. Sihgle evop campaipns have cut geross agencies
in what hasbeen.termed “organized.cooparntion”.

Major attention mnst he given to assuring available supply of certified seeds
and ferfilizers. While it has fallen on governments to establish foundation seed
stocks and to provide facilities for laboratory testing of seeds, private sector
participation in seed multiplication has expedited the production of an adequate
supply. Likewige, the privale sector has proven 'to be mole efficient and effective
in procurement, or manufacture, and distribution: of fertulizers and inseecticides
than government programs to import and furnish these inputs, even at subsi-
dized prices. .

Unless planners of erop campaigns ean foresee and assure the availability in
each farming aren at the farm level of needed fertilizers and other inputs at the
exact time of the seasonneeded, extension efforts will be useless

Likewise, availability of credit tospulchase the inpuis is essentinl “TVhile the
recent snecesses have not demonstrated the rote of formal credif instilufions as
a significant faeror in all countries, the need for credit was well established.
Credit from traditional sources of money lenders, individuals and: fanilies was
available in most countries, and-from some formal credif institutions in some. The
trafiitional sources will inerease as investment requirements expand for land
and irrigatiou development and for vse of more sophisticated techmology. The
improved efficiency of farming and increase in profits made possible by innova-
tions-enable agriculture {o beeome more competitive with other investuent pos-
sibilities for available eredit.

- 6. AGRICULTURE GOALS

Self-Sufliciency-in Food Rroduetion 18 & Goal which can be Reulized more quickly
Now, But New Constderations in Horcigr Prade Relefionslips, Domestic
Marketing, and Agricultural Diuversificetion Opportunttics Wariant Anal-
y&is by LD"s of New Targefs and Goals

The common agriculiural goal of LD('s is to reaeh self-sufficiency in food
production, focused on the main staple food crops. For most of the countries of
Agsia, this meant a goal to produce sufficient rice to eliminate imports and then
to produce exportable surpluses It has been proven that with the new variefies
and technology, reaching self-sufficiency is muech easier than originally helieved.
Tn most situations, the margin of difference is small. A 5% increase is sufficient
to fll.the gap in many counfries, considering that as little as 8% of world xice
production reaches international markets, normally. A 10% inerease ¢an ¢iuse
o surplus.

There is the longer range requirement of keeping pace with population in-
crefises, which usually range from 2 to 39, annualiy in LDC’s. The Green Revo-
Iution alleviated muech of previous concern about potential of ILIC's to solve
their food deficit problems in the short run even with gneh population increasaes,
Tlowever, the new thinking is based on asswptions of the existence of capability
in countries to meef basie requirements for expanding internal markets. These
requirements have been defined by economists as a need to increase per eapita
incomes and to achieve adeguate distribution of income for inereasing purchas-
ing power Of the poor. Achieving these requirements will be dependent on
transfer of labor from the farm to ecmployment in the non-farm sector and on
public policy.

* Expansion of internal markets is necessary to sustain the rate of investinents
in technology by farmers which has been achieved with adeption of the high
yielding grain varieties A continuous and responsive marlket that will provide
incentive prices for farmers is necessary. Prices of farm products muost stabilize
at adequately high Ievels to provide sufficient marginal return to farmers to
warrant eonthied rates of investment iu fertilizer and other mputs. Without
these market conditions of favorable prices, technelogy would lo<e its advantage.
Yet, the conditions for expanding internal markels in LDCs of SEA are improy-
ing very slowly, and in some cases they are not improving at all as population
grows.

Population growih in most of the 8BA countries is diluting economic gains
and draining resources to sustain livelihood at low standards. Employinent
ievels in the non-farm sector are not rising at a date to keep pace with popula-
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tion increases and migration from rural to urban areas. This is forcing policies
of reliet, overstafling of public offices {as in Indonesia), and increases in partial
employment and inefficient use of labor. These problems have added politieal
gensifivities that are encouraging policies unfavorable to economic and agricul-
tural development in some situations. Governments have had to use for socinl
welfare programs such searce resources that could be used for development of
infrastructure and other programs which would contribute to economie growth.

Furthermore, as pointed out by the Chairman of the Seminar in Honolulu,
there are very substantial “leakages” in the market structure of LDU's of SEA
in the form of resources devoted to product markets during the labor transfer
proeess, It takes more services to get a kile of rice to a family in the urhan
area than to a family in the village, Consegnently, the percent increase of rice
entering market chaunels is larger than the percent increase of demand. Of-
setting such leakage requires technical change.

In countries with static employment and income levels, consumption paiterns
change little. Rice and other similar staple foods have low income and price
elasticities of demand. That is, people will not vary their consumption habits
appreciably with moderate changes in prices of rice, or moderate changes in their
incomes. Where price is very inelastic, sy —0.2, income elasticity also tends to be
low, say 402, As per capita income increases, people reduce rice conspmption
and increase consumption of available protein and other foods which have higher
income elasticities of demand, as has happened in Japan., Availability is an im-
portant policy implieation, because it ean be infivenced through government im-
port regulations and domestic agriculfural production policies. In faet, it has
been shown in Japan that such policies can influence the elasticities of demand.

With the limitations imposed on agricultural development by one-crop self-
sufficiency goals, governments and Missions need to examine agriculture sector
strafegy to see if there are economically feasible additional targets to implement
along with self-sufficiency programs. In particular, the goal of self-sufficiency it-
self showld be examined to determine the price being paid by the government in
terms of finaneial costs and possible loss of external markets for other products,
creating an imbalance in trade swith other countries.

FProduction Alfernatives for Eaploiting Comparaiive Advenlages of Hach Agri-
eulturel dree and of the Country

Some deficit rice produecing conuniries which aimed at exporting after reaching
self-sufficiency have had to reassess their goals toward diverstfication of agri-
culture to exploit any comparative advantages of agriculfural areas and of the
country for internal and export trade. Beveral mon-traditionsl rice exporting
countries of Bast Asia aimed at export programs during the period of rice
shortages and bigh prices. When they reached the stage of temporary domestic
surpluses, many were disappointed at their inability te enier international trade
to any signficant extent, The world supply situation had changed and prices
had declined. Also, they were unable to meet the high quality standsrds on in-
ternational morkets. This may have bheen o legson to some countries.

The outloolk for rice trade is predicted to worsen by intereased compeiition
of wheat and increases in the supply of rice. Temporary commodity surpluses in
IDC's in Asia Is an experience that is 1ikely to be repeated in the foture,

Therefore (without minimizing the need for continuing production targets
of basie food grains), policy measures and distinet goals, based on carefil
gectoral studies and analysis, are needed, Countries must olan land and water
resource utilization around the greatest comparative natural and economice ad-
-antages afforded. This is true of produeiion for domestic consumption as well
as for exports.

The high-yielding varieties of rice are gnitable for lands with rain-fed and
artificial irrigation. However, highest yields are being obtained on lands with
controlled.. artificial- irrigation, particolarly during the dry season. These 1amds
prepared with the appropriate methods offer the advantage of 2 to 3 crops per
year in Sountheast Asia, and a secondary crop of vegetables in befween the rice
Crops.

With this nafural advantage, it is an economie axiom that commereinl rice
production will become concentrafed in those areas of higher productivity. It
also follows that countries possessing the best natural conditions and greatest
development have a comparative advantage in rice production over other rice
producing countries. The Indus Basin is said fo have the greatest potential
comparative advantage among Asian countries because of ifs high level of
availability of solar energy and controlied water. Research on genetic stocks
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to development Vaﬁrletles most suftable for the varying conditions of eaclh area can
further exploit any comparative advantages which the area may have over others.

The'less prodnctive areas for rice, particuarly hill rice without rain fed irriga-
tion facilities, will either revert or remain 4 base for only a subsistence-crop, or
will be replaced with dry-land crops more suitable.for these aTeas, such as some of
the,new: grain.sorghums, corn, and possibly wheat, for human consumption and
hvestock Teed. However, researeh is needed to- hrm=> about such improvements.

Broblems of .consumption. habits, infrastructural -development, (particularly
processmguaud storage),.and markets arise with the infroduetion of new creops.
‘Q’avertheless, these must be considered for continued development of the agri-
cultural economies of Bast Asia counfries. Thé urgency for 1mpmvmg land
preparation techniques in order to.reduce the time between plantings in multiple
cropping introduces the need.for mechanization. Mechanization is also needed
to' speed up harvesfing, threshing, and drying for’ this reason and because of
weather. THe intensification of‘the use of labor brought about by multiple crop-
ping and use of fertilizer and other innovatiens also introduces the needs for
mechanization, particularly during peak periods. to prevent Waste and improve
eﬁicmney of, | labor as couniries become faced with labor shortages due to indus-
trializgtion and m:gratmn of people from, rmal avess for other reasons. Con-
sLdelable research is underway at IRRI and avithin pmvate industry on mech-
anization of various agricultural ogeratmns

Tree crops are jmportant to achievé a bala,need ao'rxeulture from the stanﬁ—
point of export: markets, land atilization, domestic Employment and dispersion
of population in some countries. Fruits, tea, coconut, il palm, rubber, and others
are examples. Koz example, the coconut tree will grow where almost no other
economic plant will. There are comparative advantages found for one or more
tree crops in almost every country of East Asia. However, the possibilities of
their continued.sueccessfitl cwltivagion and marketing of products will depend "to
a1 considérable degree on research to develop vanehes with improved yields and
to improve aquality of produets that will remain competitive in intermatiomal
maricets.

For export possibilities of fruits and vegetables, fresh and processed, .the mar-
Lkets of the metropolis of Asia are expandmg and sheould be explored. One dis-
cussant pointed out the great potential in Jepan, whose markets are benefitting
a number of Asian countries, but not enovgh. As ansther axample, the Republic
of Chira has recenfly begun producing mushreoms and asparagus for Japan and
Europe.

Protein crops and livestock become potenfial products of an advancing agri-
culture twhere effective demand’ is mcreamng Effective demand results from
increases in per eapita ‘income which require development of indusiries .and
business to complement agncultural development. At present. domestic de-
mand appears to be increasing more rapidly for protein crops than for live-
stock. Both possibilities have broad economic implications requiring evalu-
ative studies, and pohcy considerations for establishment of defined targets
inclyding new processing and storage facilities, and market prometion. Some
sociologists advocate increasing protein content of diets as country and tfach-
nical assistance goals., However, mosi economists, while recognizing the de-
sirability of such.goals, take a more pragmatic approach of aiming at economic
goals with improved diets as a resuitant benefit. The development of effective
demand by increasing incomes and the improveiment of efficiency of production
in order ‘to lower prices are considered by cconomists as necessary,.goals to
inmprove diets and the standards of living.

Some aress.of Sountheast Asin have a natural relative comparative advantage
for livestock. production through grazing and through fesding loeal vegetation
witl some grain waste supplements. This. potential is heing exploited to some
extent. However, the seientific applieation of echemicals, such as urea, to carbo-
hydrates abundantly available in cepiain areas has hsrdly been iouched. The
feasibility of such development will depend on careful market analysis, espe-
cially export, appropriate government policy -and legislations, development of
managerial expertise, and establishment of slaughtering, meat processing, and
cold storage facilities In considering a Iivestock industry, the animal produc-
tion goal should concenfrate on feeds, improvement of grassiands and develop-
ment of management. Attempts to upgrade local village stock through impor-
tation of exotic breeds has proven to be a waste of time, unless the basic food
problem has first been solved.
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The mavket and feed potential for peultry and swine is growing. in Asia more
rapidly Lhan for larger animals The potential for corn pmducbmn and feeding
of small animal and poultry should be analyzed and included among country
goals for development where feasible.

Devclopment and Improvement of Rural Infrastructure

Other second generation problems need attention in determining agriewltural
gonls. The rapid surge of the “Green Revoluiion” has exploed infrastrmcture,
iand and related capital that had required gemerafions, and even-cenfuries to
achieve in some countries Ixpansion and improvement of infraslructure will
be 1eqmred for gignificant increase in pmductmn of staple food crops in most
countries in the future.

The new grain varieties have already: largely utilized developed. irrigated
lands I‘u.rther eXpansion of these and new crops needing irrigation will re-
quire improvement of existing facilities, development of farmer orgamszations
for operations and management, Improvement of water irnmagement, construe-
tion of new facilities to harness new resources, and development of ground

water rescurces.

In the order of prigrity, the Report on The Survey of Asian Agriculture by
the Asian Development Bank places improvement of antiquated gravity systems
in most countries as being first ; the next, development of surface water through
diversion and pumping; and 'the third, development of new facilities for im-
pounding swwater.

SEADAG discussions also underlined the need for attention to studying, and
overcoomng social and cultural problems, for develeoping farm organizations to
manage aml conirol tertiary systems, and for research in water management
on crops. Little research work has been done, particularly in the tropical setting
on. influences of timing and quantities of water for crops. In the case of rice,
the reseavch seientists present pointed cut that the unknown variable in re-
gearch results of befween 6 metric tons and 12 metric tons per hectare under
equivalent known conditions may lie in the area of water management, Na-
tional goals of government for irrigation _development and unprovement welLe
emphasized as being of priority importance for continued agricultural progress.

Among other important infrastruetural problems that have been concommitant
to or arisen as a resnit of the breakthroughs with grain are rural roads, trans-
portation facilities, processing, storage, and organizations and trained personnel
to operade and manage new fucllmes

Turther progress in agricultural development will require that ali thesa factors
receive appropriate study, planning, and resonrce allocation in staging, agricul-
tural developrent. In fact, the next major advanee in agrieulture following the
initial sudcesses of the cereals breakthrough only ean come from attention to all
these factors, and will necessarly be slow.

Attention to all the factors has been termed by some as the “pacLage” ap-
proach. Sweh planning 1s implied in the “single crop” campaigns. Other:, hava
felt that s type of program planning can best be achieved by the “systems”
approach of research, analysis, and retrieval using modern techniques and com-
munications I-Iowevel, the -possibilities of wide apphcatmn of sueh technlque on
a national seale in less developed countries is doubted by many.

The By-passed Aireus
* Many less produciive agricultural areas have been br-passed by the Gieen

Revolutign for a number of reasons, Usually they have Iacked the potentil

because of poor soils, rough and hilly upland, meking cultivatiofi diffieult, lack
of water resources, and level land suitable for irrigation, and remoteness, making
infrastructural development uneconomiesl 1m terms of potential. Often they are
inhabired by less advanced people engaged in prumtlve agriculture.

The roles 0f such areas are questionable in o modein commereial agriculfure.
However, some of the areas may be important for forestry for commercial use
and conservation -to protect more fertile lands and irvigation facilities in: lower
areas. Others of the areas may be important for livestook grazing, Then, there
are areas in between whose potenfinl may be marginal for existing use but
greater for new orops, such as dry-land graius for Livestock. If the Iands arve
not snitable for any sueh econemie use and are still used for pumr.tn'e sub
sistence farming, more appropriate use of the labor ymight be found in more
produetive areas.
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The guestion of dealing with by-passed areas will depend one ke economic po-
tential of such areas. as well as on the urgency of social considerations. This
will require eareful studying.

In general, it has been the practice of mosi foreign assistance donors, as well
as recipient governments to concentrate on the most fertile areas which offer
the potential of quickest and greatest return There are important exceptious
where social and politieal factors outweigh these purely economic considerations
for assistance donors ; the Northeast of Thailand is one example.,

7. A STATISTICAL BABE

Aecurate CUrop Reporting and Forecasting Arc Besentigl Adjuncts To Support
Covernment Agricullural Policies Imwolving Marketing Activities, Price
Support, Stabilization Programs

Accurate erop reporting and forecasting become more important and erifieal
as governments enter the market arena in price support and stabilization puo-
grams, Furthermore, as agriculiure changes from the traditional to modein,
oufput and yields become more difficult to estimate and predict. It may have
heen easier in the traditional setring through experience to. determine produe-
tion within o 59, range. However, with o changing agriculture, most countries
lack the system and -trained personnel to approximate this margin of accuracy.
The seience of modern crop forecasting is practically unknown in most couniries.

When governments begin. dealing with farmn, commodities, large sums of money
are Involved. Polifical considerations may impinge on objectivity. Decisions
basell on erroneous statisties, or on political influence can be costly to goveln-
ments and disastrous to agriculiural. progress in & country. It is essential for
somnd planning and development of a rational agriculfure economy that govern-
ments develop scientific systems manned by statisficians and economists and
free from political influence for crop reporting and-forecasting,.

& MANFOWEE PLANNING, EDUCATION, AND TRAINING

Manporwer Planning and Specialized Fducaeiron Are Essential for Agricultural
Development, bui 1Lass Bducation Has Noi Been ¢ Factor in Progress TWith
Iniroduction gnd Spreed of High-Yielding Vaerictics

Mass edueation of the rural population iIs not congidered an esvential faector in
the agricultural progress made with new varieties. The successful adoption of
new technology with the high-yielding grain varieties demonstrated clearly that
illiterate farmeis respond te economie incentives s well as literate farmers, and
can and will learn introdueed innovation when motivated. Turthermore, their
rate of learning depended more on the degree of their motivation—not on their
degree of Literacy. The only distinetion was that the first adopters—the inno-
vators—were the more progressive farmers of the arens who probably had some
degree of literacy and primary education. This may be, in foet, the only economic
Justifieation that has emerged for educating a portion of the farm population as
a means of changing primitive agriculture—a selective eduecation to primary and
elementary levels of a few farmers in each area.

On the other hand, as agriculfure becomes more sophisticated and competition
is sharpened threough commercialization, farm management becomes more com-
plicated. Wiile this increnses the justification for some degree of education for
part of the farmers, this alone would not justify mass education of the form
populition, )

This argument on education does not apply to those government serviee men,
management and technicians of private cnterprises, and institutional trafners
who must serve agriculiure, introduce Innovations, and perform training, Obyi-
ously, education becomes important hiere, and the degree of edueation needed is
determined by the degree of skills and expertize required Herein, education ean
be selective.

In countries where successfal break-throughs have been made, tliere was an
edueational base for the break-through, It was neeessary to supplement the edu-
cation with specialized training, as was done at IRRI in traming the “change
agents™. IMor sustalining the bresk-threough, in most countries it is found that
there is a shortage of professionals and skilled technicians to ecarry on scientifie
research, to fill teaching positions, particularly in tle graduaie fields, and to
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manage and operate mew agricultural organizations and enterprises that are
needed "o complement the increases in production. New credit institutions,
processing and storage industries, and marketing and-sales organizetions re-
guire ‘professional managers and fechnicians with basic education-and special-
ized training.

While it wag recognized that the LD(C’s are in short supply of professional
manpower, there iz a great waste of existing manpower, bofh professional and
nonprofessional. In the use of professional staffs this is due to lack of eoncen-
tration and support for useful functionming of available professional personnel,
duplication of institukions and services dnd lack of coordination. Baek of these
weaknesses are the lack of adequate personnel practices, salary incentives, and
career management on the part of governments and educational and research
ingtitutions to gain the dedication and full atteniion.of personnel Lo their duties.
In farming, inefficient use of labor on all operations is a factor impeding multiple
eropping in many ateag twhere the new vaTrieties have been introduced, 'as men-
tioned before, )

Improvements can be made throvgh esreful manpewer studies and’ planning.
appraisal and revamping eivil sexrvice practices, and analysis and eoordination of‘
institutions and services, particularly the ‘government services and educational
and Eesearch institutions. The needs for fechnical assistance in this aren are
grea

Digeussion brought ont the: need for more attention fo fhe developmenti of
graduate educational] institutions in the physical and social sciences in South-
east Asia, particularly for PhD. -candidates entering the field of scientific re-
search and teaching. Too many Asiansg are recéiving advanced scieniific edu-
. cation in western countries and are unable to relate to the environments, cuiture,
and ecology of their countries. This does not mean that every couniry should
or would be capable of supporting such advanced institutions Regional ap-

proaches require greater attention in optimizing needed educational opportunities
for specialized {raining.

9. TEADE AND REGIONAL COOPERATION

Self-Sufticiency in Rice Production Rrings Trade Problems for SEA Countries
and Emphasice Need for Diversificotion To Capiiclize on any Comparaiive
Adﬂgnmges and Market Opportunitics With ‘dstan Industrial and Aetropoli-
tan Outlets

Trade policies and problems are inereasingly important factors in-setting agri-
cultural goals, and an awareness of these is neceszary for advising on country
agriculiure strategs.

All countries of Kast Asin want to export and trade avith each ofher but many
of them, particulaxly those in Sountheast Asia are relatively homogeneous. They
lack sufficient complementarity necessary for much trade. The comparative ad-
vantages of ench are small. Countries have most to gain if they have differences.
Thus, the less developed must look to the more developed, indusirialized countries
of the area to find significant differences The obvious appears; Japan, Taiwan,
Singapore, Hong Xong, and to some extent Thailand. The trade relatienships that
exist here are for industrial goods from the Fastern metropolis with agricultural
commodities from the countries of Southeast Asia.

Because of these relationships, the trade theorists hold out more hope for bi-
Iaternl trade prrangements than for regional cooperative efforfs for improving
trade.

A number of efforts have been made for regional cooperation without much
significant results. National interests and passive attitudes have dominated re-
.gional interests. Notable exception have .been-the establiShment of the Asian
Development hank-ond- the TRRI experience. However the laffer was in the
riatire of a private supported regionn] program which did not involve regional
cooperation in research. The ADB ¢ffers a good example of what can be achieved
when Tegional goals are specific. Most cooperative efforts which have failed have
been proposed for the sake of cooperation without specifie goals, Also, most have
been on a government to government basis. There is need for greater cooperafion
through the private sector. -

Trade policies can encourage or discourage private trade cooperative efforts.
The tendency of IDC's is to use protectionism for Aedgling industries. Such
measures will disconrage sound foreign investments, institutionalize ineflicien-
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cies, and discourage national production pafterns. The trade theorists argued
that governments’ fear of losses from liberalization of trade policies is exag-
gerated. Losses would not be great and would be replaced Dy economnic benefits
to the countries.

Some of the more industrialized BEastern coustries alse have protectionist
trade policies which discourage trade. The view was expressed that Southeast
Asian agricultural countries.offering markets for industrial preducts for Japan
and other more developed eountries should seek fo-strike o harder bargain with
these eountries and to demand greater reciprocity. They should demand outlets
also for some of their processed as well as unprocessed agricultural products.
Agriculture of the Southeast Asism countries could progress more rapidly by
Dprocessing more of their own agricultural commodities-for industrial markets like
g g}]lmn. This is particularly true-in foods, such as. fruits, vegefables, meats, and

The Southeast Asian agricultural counfries have much to gain by liberaliz-
ing their foreign investment policies to attract the capital, technieal know-how,
and managerial skills from industrial eountries, particulariy Japan, which have
petential markets for Asian products. Foint-venture arrangements. would .be
mutually beneficial.

Bilateral agreements also are believed to offer greater hope in dealing with
surplus problems thern do regional agreements. Recent proposals through the
Food and Agricultural Organization (FAOQ) and others for a regional arrange-
ment to deal with surplus situation in rice have not materialized. These efforts
have foundered-on the-problems of fineneing surplus. programs and the lack of
facilifies in any country to handle:surplus stoclks. .

Concessional-agreements between ap LDC and developed country have proven
toroffer the best mechanism for-dealing with deficits as svell as for providing
a usefnl mechanism for helping to finance development, Sueh measures have
been wsed for grain deficits, primarily, and to a limited extent, other products.
They could be used mere. There are certain disadvantages. One is that they
%)utdtrade on a governmenf to government basis which dnterferes with private

rade. .

Recent rice surpluses in some countries of Boutheast Asia have generated
erificism from -traditional end mew rice exporting countries ageinst the T.S.
for its concessional agreements with some deficit countries of the area which
bring in TJ.8. ric¢. Some critics have proposed regional agreements to exclude
T.5. rice. This would.be a futile and misdirected effort which is not focused on
the economies .of the question. It is true that U.8. rice through concessional
agreements and private trade has accounted for as much as 659 of rice imports
in the area during world shortages. But the U.S8.’s share is rapidly decreasing
with increases in production in deficit countries which the T.8. has been sup-
plying. As deficit countries reach self-sufficiency the U.S. will continue to elim-
inate concessional arrangements in rice with those countries. However, this
will not mean an end to Asia’s grain marketing problems, Wheat from the U.3.
Australin, and Canada will remain .a competitive factor with Jast Asian rice.

During the world rice shortage, the price of rice was more than donble that
of wheat, which has been in.surplus supply In the western-couniries. This price
differential epused Communist China to import wheat and export rice. Such
trade, the excellent crops.in rice from favorable weather in producing countries
during 10681989, and the new technelogy have allevigied the world- shortage of
rice, lowering its price and bringing it more into equilibrium with wheat and
other grains.

The cutlook for the fufure is for an incregse in supplies of all graing, With
the western countries expanding their surpluses under supperi programs, par-
ticularly wheat and corn. Although these countries could' cortail production by
changing price support.policies, this is not expected to happen, except for rice
in the U RS, to o limited extent where there has been some overproduction
specifically aimed at concessiongl needs. The supply of rice Is also expected fo
continue to increase faster-than effective demand. Prices of all grains are likely
to decline, causing the prices of riee, wheat, and other grains to become further
egualized.

Countries of Bast Asia can look to litfle prospeci of improving their export
position on rice. Az deficit countries reach” self-sufficiency. traditional markets
in Asia are eliminated, and markets cutside Asia shrink from competition with
western production of rice and other grains. One traditional Asia market has
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already Deen eliminated when: Japan's changing food consumption habits and
dncreased rice production changed it from a price defieit -to surplus country.
Japan exported 300,000 AL T of rice in 1968 and is expected to be able te reach
1.5 million metre ton surplus if its support policies are continued. Some ob-
servers feel that Asian reaction against Japanese: rice exporting may cause her
to clrange its policies. Only South Torea-and Communist China “offer prospects
of continuing to.require rice irhports Howéver, as pointed out-above, the world
supply situation in other grains and government policies ‘can influence these
marlets.

On, the supply side in Asig, Thailand and Burma are-expected Lo remain strong.
South Vietnam is expected Eo vregain its export-position. However, with smaller
maykets to share and with increased competifion, the largest current exporter,
Thailand, will- probubly have toreduce its rice exports; ‘during the nextfew years.

The qualify of rice will be an increasingly inrportant €zactor in rice trade. The
new exporting countries are finding if necessaty ko assuretestablishment of inter-
national standerds to meet export reqmrements. This requires investment in
improved milling equipment for new exporters. YWihile none is knosvn to have
invested ‘in rice par-boiling equipment, such: investment possibilities might be
studied. S0 far, the T.S. and Italy are the prineipal suppliers of par-boiled rice
in the export market,

Par-boiled Tice offers considerable guality advantages. Tt reduces fuel con-
sumption for consumers and resists insects and mildew because of its dined and
hardened surface which is relatively non-hydroscomc ¥urfhermore, par~bo1lmg
iy said to'reduce-milling dosses by as much as 7%, i addition’to preserving its
vitamin B eontent by driving it into the lrernel of. sthe rice from fthe gkin, Par-
boiled rice receives a price of .about $1.50 per hundred pounds above regular
milied rice of 5upe110r grade. Cereal vlains other than rice hold out f'worable
trade prospects in Bast Asia,

Corn demands have Deen increasing steadily, principally in J’ﬂpan, hut also in
ofher Asian ceuntries Taiwan-is-expanding its poultry and swine produetion,
requiring impertation of greater amonnts of corn. The demand for this purpose’in
Tudia is alse increasing. Consumpiion in most Asian eountries will be growing
for animal production. Corn production to meet the demands has heen inereasing
af o very rapid rate Hn Dhailand, Srst thy ‘ongh hi-lateral agreements between
the fwo countries, and more recently through prn‘ate trade channels which are
more favorable tothe eountry.

Japan 483 making an effort to help increase corn produetion in Indonesia
thirough fechnieal assistance and investments to ‘meet ibs -expanding demands
from Asian sourees. Nevertheless, Japan must still-look o the 1.8, as its principal
source of supply of corn, despile the disadvantage-of sreater diskance with higher
freight ¢harges. The advantages ‘to Japan of .8, corn are higher quality and
assured availability through ‘grain markeling exchanges.

An important trade handieap:to Bast Asian-countries is the Iack of 4 commodi-
tias exchange where commodities can be traded on a4 current angd Ffuture Dasis.
Such an eXchange in Southeast Asia, when feasible, would offer fremendous
encouragement to trade. Until sueh is established, the eouniries cannot fully
realize their single most important-comparative economic advantage over western
countries for frading in ‘Asia—theirdloeation.

Despite the relative homogeneity in agriculture-of he countries of Southeast
Asia, comparative advantages ean hefound for eertain crops and-produects among
them: for 41ade with each ‘other in competing tvith %the TWest. They all ‘have a2
climatic advantage over temperate western climates. According to views of
some econpmists, a5 expressed at the Seminar, this advantage, svhich will permit
2 to 3 crops 'per year, and the lower sbandord of living of the Asmn farmer, may
tip the seales for the Bask in competmgﬂwth*the~e's:tens:|.ve Techniques of single
crop, temperate-wwestern: coufitries an the cultivation of new high-yielding varie-
° tles of riee and some other glams for export trade, Wot all participants shareil
this riew.

The critical comparative advantage in rice production among the countries of
Southeast Asia wwill go to those eouniries having the suitable arable land nnd
«developed irrigation fﬂCIIltIeS which 'will permit the 2 to 3 crops per year, sc-
cording +to their abilities to adopt the improved technoiogy to fuliy utilize the
land to attain these crop potentials. - ,
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19. OTHER S0CIAL, FOLITICAL, ANXD ECONOMIC IMPLICATIONS

The “Green Revolution® Arouscs Political Conscience of Bural People, Threaten-
g Power Balances in Many Instances, and Raising Questions Abowt Pat-
terns of New Sogio-Economic Relafionships in the Rural Service

Introduction of the new grain varieties have brought changes in behavior pat-
terns and have aroused a political conscience. Mohility of rural people is inerens-
ing. Contractual relaiionships are developing and entieprenenrships arve emerging.

Changing the peasant farmer is introducing a number of social and polifieal
implications. Xxpectations arve inereasing; felt needs are greater; and improve-
ments in public services are being demanded of government. An aroused political
conscience is eausing peasant farmers to be more vocal in their demands. This
awakening can lend to serious disiurbances and even bleod shed, as has beel
demonstirated in the Pakistan case. The developpient of o political conscience
ameng farmers can mean the change of the political power a base from the
urban to rural areas, or at least the enlargement of the latier at this stoge of
development. Such implications can have far-reaching effects on governments
and countries of Asia. Attention must be given to political development along
with econowic development. Training of leadership is necessary to provide con-
structive direction to and organization of disenchanted rural peopile.

. While economic progress may lead te rural disturbances and violence, the

potential benefits acorning t0 the mass of uunderfed, underprivileged, and
impoverished rural -people of Asia from. the infroduection of seientific advance-
ment outweigh the adversity of such gocial upheaval, according to judgement of
developmental scientisis 2t the New York Seminar. The feeling was that at least
the people will'be fed

A new environmmental is ‘being crented, favorable for restruetuiing the rural
economy, by-the changestaling place-with ‘the introduction:of high yielding cereal
varieties. Marmers brought into the commercial market place and Taced with
new economie forces of sales crganizations and mnade into entrepreneunrs, soon
see the need for cooperation with each other. It becomes evident to them that
through organized effort 4 bargaining pewer can be created to deal with these
new Torces, Thus, the appropriate -environment for cooperation paves the way
for successful establishment and operation of farmer cooperatives and organiza-
f1ons in areas where past attempts by governments and institutions have failed.

Ior economic developmental strategies, it was felt imperative that attention
be given to individenl incomes and standards of living, Priority must be given
to ereating favorvable environment for growth of private industries.gnd to de-
velopmental projects-that will incrense employment and help improve per capita
incomes It is necessary to ingtitute iows and adopt policy measures (such as
income toxes and welfare programs) that will reduee disparifies in incomes. Suceh
measures must be aceompanied by programs to enrb popuiation, or else, resources
cannot be effectively accumulated and used for economic development.

Most cbservers felt that the Green Revolution had demonstrated that comn-
wmunity development and -self-help programs: had not contributed significantly
t0 the progress made Some felt fthese programs mey have bean, 1u fact, counter-
produetive. This arguinent avas based on evidence that innovation has resulied
from outside economic foreces that have drawn the farmers from out of their
traditional trap and brought fhem into eontact with the outside world through
the maiket place Onee drawn into this eontact through economic incentives, they
#ve influenced by what the outside world has to offer in Ainnovative ideas..mate-
rials, and mode of life The peasant farmer becomes an economic man and bis
“felt needs” increase.

In contrasi community development programs have not stressed the tradi-
tional farmer as an economic man. They have aimed af improving his physical
and health environment through providing- him with tools and materials that
require more cutpuf fiom him without increasing his production and income.
Thus, the programs have heen counter-productive to agriculinre through diver-
sion of labor to projects that do not 2.dd to improvement of agriculfural produe-
tivify. )

In a similar manner, self-help projects have aimed of generating from within
efforts for commnnity improvement. In these efforts, despite hopes otherwise,
the villager could not find a personal relationship or benefif. The villager's life
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of Asia is based on personal relationships. Also, be looks to ouiside forces, his
sovernment, for attention and assistance, nnd is flattered by this attention, and
affected by it. Furtherimore, such self-help projects are also competitive for the
villager’s labor with produetion projects that generate income.in kind or money.

11. SUMMARY OF SOME MAJOR POINTS FOE FUTIURE WORK TOWARD AGRICULTURAL
DEVELOPAMENT

The Butire Specirum of Possibilitics Opened by Breakihrouphs Need Explova-
ton, Further Research and Development, and Attention 1o Prodlems Raised
in Order fo Realize Full Agricultural Polential

Some major points for future work to accelerate agricultural progress toward
realization of full potentials are summarized as foliows:

a. diffusion of technology, especially to small farms who have been slow.adopt-
ers, should be accelerated;

b. utilization of ewisting technology through adaptive research is meeded to
open.new opportunities for infrastructure, ie., land and water management and
better uses for marginal lands {marginal for rice cultivation) ;

c. research on methods of land preparation and multiple cropping to combine
ywith the new wvarieties is an important next-step in follow-up on' the successfol
introduction of the new varietias; .

d: research and development for water management:in-the tropics, with agro-
nomic input in irrigation projects, and water control in .troplcs especially
control of excess water, are alsesimportant factars todncorporate in agrieuktural
programs and goals;

e. expansion of development and 1mprovemen|: of infrastructure, especially
irrigation, transportation-and marketing (processing, storage,.znd selling} +vill
be required to further expand' agricnlitural potential in most coiniries where
adoption of the high-yielding varieties have-already exploiteid the-hest lands and
developed areas;

T. development angd use of alternative erops suitable for lands lacking adequate
supply or economic source:of water is necessary ‘for the “by-passed” people for
social and political reasons as well as to provide most economic nse of land and
human resources;

g, «careful examination of trained manpower requirements-educational matrix
for professional, middle-management and technical levels for'research, teaching,
program plapning, and implementation in government and private sector will be
essential to fully develop agriculiure and industries of LDC’s:

h. successful adoption by farmers of new technology and a rationalization
of a country’s.agricultural economy reguire adoption of support and stabilization
policies that will permit favorable prices to producers and distributors to assure
introduection and use of technglogy that can result in greater efficiency, thus pav-
ing the way for lower consumer food prices ahd permiiiing government programs
to operate on sound economic basis in efforts to balance ebb and flow of supply:

i., diversification of agriculture is necessary to realize ‘full potential of com-
parative advantages of areas and of the country, which reguires examination of
policies of price economies™ and seli-sufficiency goals;

j. the successes with-the'new graing by a number of countries and' future put-
look eall for attention to trade problems arising from increased supplies (stople
foods), and development of bilzteral arrangements and adjustment to internal
goaly that will assure full exploitation of an¥ of the countiry’s possible compara-
tive natural and economic advantages.
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1962 to 19656 Dr. Paddock was head of Latin American affairs for the National
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APPENDIX III—A FUTURE FOR RAM”
{Read before showing the film)

Rim (rhymes with “Prom”) eldest son of Gopill, lives in a Hindu farming
Tillage oo the Ganges plain in North India. His father, like many peasant farm-
ers in the underdeveloped world, still farms in the traditional manner of his
ancestors. Gopal's farm yields only enocugh food to feed his family with a little
leff over to 5ell in the marketplace,

The highly successful Indian agrieultural development program ig available
t¢ the peasani farmers of Ram’s village, and many of the farmers have already
benefited from it. Alaybe Ram’s family will too,

As you watch thig film, you will learn something of the aspirations and some-
thing of the Irustrations of one farm family in the nnderdeveloped world.

{Beript of motion picture)

A FuTurRe FOoB RAM

My name is Lakshmi. At least that's what I was called until my son was - born.
Then I'became known as “dMother of Ram.” This is how I will be known for the
rest-of life. I was proud o have a son.

Iwill live out my whole life here on the Ganges Plain in North India.

Most of my life will be spent in and around this house here in my hushand’s
village.

5 Onee in a whila T will return {0 my pareni’s village for a visit. But T am satis-
ed here,

I have a good husband. His name is Gopal. He is a hard woerker, We share a
little land with my hushand’s brother. Gopal and I have enough Tor ourselves and
our three children. Ram is our eldest ehild. He is in third grade in school. The
barbey thinks his hair is a bit unruly. So do L He studies hard in school. I hope
be will go far in life.

Shanti is the middle child. She is old enough for first grade, but she doesn’t
£0 to school. Bomone bas to take care of the baby. And besides, there isn’t much
reason for a gir} to learn how {0 read. She will be married someday.

The baby is just over a year old. We haven’t named him yet. He won’t get a
name for another year or so. So many of our babies die so young. I have glready
lost two babies. One died when he was born. The other died when he was bwo.

Shant and the baby keep each other company much of the day. They play at
home and they wander about the willage observing the daily activities. AMany
things happen at the pond.

“The weashermen stand in the water and swing the wet clothes up over their
hends and bang them down on the rocks,

On the other side of the pond, the villagers wash their water buffaloes: Some-
times a water buffalo gets loose in the pond Then scmeone has to get him- out.
This takes a lot of time.

The swwashermen chanf a5 they work so the washmﬂ' area is offen: a noisy place

The potter seems fo be able to produce an endless array of cups, dishes,- and
what not from the lump of clay on his poiter’s wheel. He will make this clay
into one of the large pots I use for earrying water on my head.

He Hves near us and sometimes he gives Shanti a bit of his clay so she can
make toys. Shelikes t0 pretend she has a stove just like mobher,

Like most Indian women, I use cow dung in my stove. It's a smokey stove,
but the smoke keeps away the mosquitees at night and over the years it helps
to discourage termites from eating away the rafters in our roofs.

Cooking is a long process, even though our meals ate gimple. I have to grind
grain for our Indian bread, mix the flour, and I cook ihe vegetables when we
bave them. I wash the rice before T put it on the fire to boil. All this takes a
lot of time. i
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We usually raise encugh to eat, but we have little left over ro =ell.

While I am preparing supper Shanti watches the baby, Ram dees hig sehool.
wolk He is a-good student.

My husband Gopal often takes a bath while I am working on his suppei. He
takes at least one bath every day, even in the chilly air of winter.

I feed Gopal and Ram before I feed Shanti and myseli.

After Shanti and I eaf, and while I’'m eleaning up the dishes Gopal amuses
the baby.

Ram likes to play teacher with Shanti. Fis teacher says he would make a
good tencher someday, if we can afford to send him on to Junior High School,
I want him to have a good education. Then he will have a better life.

One night after supper, I decided to ask Gopal about this.

I told Gopal “I'm-concerned about the futdre of Ram. T want bim to get 1 good
education.’” : ’

Gopal said, “We are sending him to the primary schpol, He is getting a good
edueation there. He will learn how to read.”

But I argued that I wanted Ram to go to. Junior High School where he can
lenrn more. - i

Gopal said that Junior Iigh School is very expensive. He didn't see how we
can afford it, Tn Junmior High School the students have to buy expensive bools.
And the tuition. “No,” he said, “We eould never afford it. Only wealthy people,
like the big landholders, can afford Junior High School for their sons™

I pleaded with him “Couldn’t we get more moiley somehow?”

That made him angry. “Mother of Ram,” he said, “Already Pm working as
hard as I can, I till the fields with my biother. And when there is no farm work to
do, I join the men who-make.cigarettes.” -

He was very stern with me, He said, “Yon know that if I work hard all day long
making cigareftes, I can earn enought to huy clothes, spices, and the tuition for
sending Ram to primaary school. But Junior High Schoel, I'm afraid, is out of
tne qu-eStilon.]’ - -

Well I was persistant. T told him I had heard that there are ways to grow more
foed on the land that yre already have. I reminded him that-the price of wheat
is high. So is the price of rice. If we could only raise endugh to sell some in addi-
tion to what we eaf.

Gopal remembered a meeting he has beer to and said, “Perhaps we could.”
At.the meeting he bad heard:the government farm advisor talking about growing
more Togd. The farm advisor had said that you need to uge commercial fertilizer
and new seed. But there were so many things Gopal didn’t understand about the
new way of farming. Making a switch like this would mean departing from .the
ways that have served our ancestors,so well for.se many generations. .

There are so many things to o in.ountraditiongl way of living, I haye to gather
up the cowy dung and make it into patties for cooking. I have to milk the cow,
help with the harvest—and it seems like Pm. always getting water from the
pond or the well. v

As ¥ go about my dpily chores now, L often think abouf that evening affer sup-
per-when. my hushand deeided to Iook into the idea of the new-seed and the corg-
mercia? fertilizer. He talked to his brother that very night. His brother said it
would be all right provided my husband paid for the fertilizer and the new seed.

My husband then talked to so many pecple. He talked to the shepheid next
door. He consulted the oldest member of our caste in the village and they talked
together for hours. -

He talked to the carpenier. The carpenter doesn’t even have any Iand. but my
husband wanied to find out eéverything anyone thought about the new seed and
fertilizer. ;

Finzally he went to the presiderit of the village. The president has lots of Iand
and uses ferfilizer and new seed. . -

Thepresident said the fertilizer and.new seed would cost a lot of mongy—more
than we had. But, the gresident said. Gopal would be able to get a -government
loan. First he would haye to get o ceriificate from the Land Clerk showing that
he owned lang. o : . .

Gopal rode his higyele to the Land «Clerl’s house 7 miles gway. He talked to
the land .clerk about getting & land-certificate. The land clerk said Gopal wpuld
Jhave to-come bacl tomoerrpw. Todgy. the clerk couldn’t woxlk on ihe certificate
beesuse he-was going fo the disprict offices Gopal was.disappointed-

Gopal tried three different days {o get'the clerk to make out the land certificate.
The ¢lerk was always t0o busy. Then a friend told him how to gef the certificate.
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The next time he went to the Land Clerk’s house he gnve the clerk some money.
The cleriz filled out the land certificate at onee. At last we were getting some-
where !

The next dey my husband went straight to the farm advisor’s house in a
nearby village to see what to do next. The farm advisor filled out & loan applica-
tion. The application showed the amount of seed and fertilizer Gopal was en-
titled to purchase on loan.

The farm advisor told Gopal he would have to find two¢ co-signers for his loan
application. Gopal’s brother and = neighbor agreed to co-sign.

The next week they went to the Developinent Office 5 miles away. The Assist-
ant Development Officer accepted Gopal’s loan application and showed Gopal
how to sign the papers even though he didn’t know how to write. After they had
signed the loan applicafion, the Assistant Development Officer told Gopal to come
bacl ina eouple of weeks to see if it had been‘approved.

The application was approved and the assistant development officer told him
that the next gtep was to go to the seed store to pick up his seed and fertilizer.
He told Gopal what day he should go to the seed store.

(lopal's day for getting the seed and fertilizer was about two weeks before
planting time. He went to the seed store on the proper day but it wasn't open.
He waited several hours as more and more disappointed farmers wondered what
had happened.

In the afternoon, the seed store officinl showed uphnd explained that the store
was out of both seed and fertilizer. They should come back again In two weeks.

During the next two weeks Gopal prepared his 1and for planting. Then he re-
turned to the seed store to pick up the seed and fertilizer, for this was the time
to put it on his felds. But the official said there were still no supplies.

He told Gopal, “Try againin a couple of weeks.”

New Gopal bhad to make a decision. Plant now with the old seed and no ferti-
lizer or wait for the new seed and fertilizer. He decided to wait. For two weeks
he rolled cigarettes, But when he stopped by the Seed Store again, there was
still 1o seed or fertilizer there

So Gopal decided to plant. He could delay no longer. He used the same seed
we have used for generations. It is reliable and will produce a crop if the weather
is favorable.

Three months after the wheat was planted, Gopal got word that his seed and
fertilizer had arrived.

By this time the crop was practically full grown. Now fertilizer would do no
good, The trop was too mature.

He had to decide Should he ge to the seed stofe and pick up the seed and
fertilizer and have it on hand for the next season? If he did that, next season’s
erop would be befter, perhaps, but unfortunately, he would have to pay off his
government loan on the materials at the end of #ids harvest season.

Harvest wasn’'t far ¢iff, We ebuld pay off the loan by selling some bf this seagon’s
harvest. But then we wounld be short of Tood béfore the next harvest came.
Gopal had worked so hard on the loan application he lost many days wages
which he wowlé¢ have had if he had been niaking cigarbtites. Therefore we had
less cash on hand than usual at this time of year,

If Gopal were to pay for next year’s fertilizer and seed with part of this year’s
harvest, ke would have to go to the village moneylender before the next harvest
season to get money to buy food, Gopal has never had £o go to the village money-
lender before. The moneylender’s-intierest rate is very high.

He throught that perhaps he shonld refuse the seed and fertilizer he had worled
50 hard to Fat. Then there wonld he no loan to pay off.

Gopal decidefl T¢ get the seed and fertilizer.

YWe harvested the grain. It was a good ¢1op. Perhaps it would bave been much
more if Gopal had teen able £0 uge the new seed and fertilizer.

Ag T was winnowirg fhe prain, getting it ready to take to market, I won-
dered if I had been wrong in pushing Gepal to try to grow more food. I dorft
want Gopal to be in debt to the moneylender. Once he counts out tHe money. to
you, you may be nnder his thumb for a long time.

But ntaybe we will be successful- Afaybe next year’s crop will be very good.
Meybe we can use the new seed and festili¥er every year in the future; if we can
only get started. Aeybe we will be able to send Ram fuv Junior High School. I
would be g0 Lappy. Perhaps then there will be a hetter futnre for Ram.



APPENDIX IV—RESOURCE MATERIAL

Higa YIELDING VARIETIES OF GRAIN
(By Dana . Dalrrmple)

(Taken frony Technological Change in Agriculture: Bffects and Implications
for Developing Nations. Foreign Agricultural Service, U.S. Department of Agri-
culture (in cooperation with Agency for International . Development} April 1969,
pp. 85-47. Footnotes und references are omifted here dut are fncluded in the
originagl regort.)

During the late 1960°s a great deal of publie attention has been given to the
role of improved varieties of wheat and rice in expanding food production in the
less developed nations. Although some of the public statements have been over-
doxe (e.g. “miracle seeds”), the new varieties have indeed brought about signifi-
cant changes in agriculture,

- ¥ B_ACKGIIOUN].) OF NEW VARIETIES

Breeding for imProved varieties of graing has been underway for mahy years
in the developed world, but it is only since WV IT that significant progress has
been madein more than 4 handful of the less developed nmations,

1. PoundaMon-sponsorcd rescarch

National breeding efforts received a significant boost with the establishment
of the Agrienltural Program of the Rockefeller Foundation in Mexico in 1943.
BEwmphasis was placed’on developing. improved varieties of corn-and wheat as well
as vegetables. Bxtension of the AMexican work subsequently led to the-establish-
ment.of ofher programs in South America and Indig, and eventually to an Inter-
nationa! Wheat Program. The Ceniral Ameriean corn project, esfablished in
1934, grew into an International: Corn Program. In 1966, the two programs were
merged with the formal esfablishment of the Internafional Maize and Wheat
Improvement Center (CIMMYT—Centro Internacional-de Mejoramienfo de
Maiz ¥ Trigo) in Chapingo, Mexico. The Center, now jointly financed hy the
ftockefeller and Ford Foundatiions; presently has programs underway throughout

he world. . ' . -

- Foundation interests in rice date back to 1952 when Rockefeller sent a prélim-
nnry study team’ to the Far BEast. It was subsequently decided ‘ihat Rockefeller
and the Ford Foundations would join forces to establish an International Rice
Research Institute (TRRT) “in the Philippines: The Institute was organized in
1960 and dedicated in 1962. Starting in 1965, scientists employed by the Institute
and fhe.Foundations were stationed at key researchr centers in other countries;
thiy‘have‘ become intimately involved with the research programs of the host
nations. - -

Thus it can be seen that the two Foundation-sponsoredrefforts in: grain im-
provement are closely infertwined with nationak programs. {AT{Dhas contributed
funds to both centerg to extend research and training programs.) Part of .the
main ¢concept is that the Institutes do'the “basic” research work, while-“adaptive’”
research—tailoring of the variety to, Iecal:conditions—is done at the national
level. Not all the new-grain varieties have been developed under. this.cooperative

- prograin, but-a surprising pumber tie in in some way—through parent stoclks,
training of researchers, etc. Accelerated breeding programs gre now underway
at many points throvghout the less:developed sworld.

2. Spread-of new varisties . . -

There has-been a sharp expansion in-fhe area planted to improved-varieties of
grains in the less developed nations within just the last few vears. Most of the
inerease has.been in improved varieties of wheat and rice. Precise data are not
available on the exact area planted, but a general picture for wheat and rice is
provided in Table 2. Bssentially all of the area reported planted to wheat and
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rice is jn Asin (primarily in India and Pakistan), but shipmenfs of improved
seeds have been made to many regions.

In India and Palistan, plantings of improved varieties of corn and other prains
expanded as follows:

(In acres)

Crop year ’ Corn Othars 1
L98BmB7 e e e e e e e e e e nmmm am e mmm e R 8 553,090 3E8, 000
L £ S 1,012,000 2,519, 00D
196889 (B0al) 2 s e e e —mm——raz e ————————— (3, 000, 000) (5, 000, 090

1Grain sarghum, spiked mitlet, and baeley: almast entirely in India.
2 Gonsiderable shartfall expected hecauss of dryweather

In some countries, plantings of the improved varieties vepresent only a small
proportion of the fotal planted to that erop. In others it is beginning to reach an
appreeiable proportion: areund 20% in the ease of wheat in India and IPakistan
in 1968, In auny case, tliere has been a striking—possibly unparalleled—increase
in Eite area planted to new varieties,

B. NATURE OF TECHXNICAY. CHANGES

The use of the new varieties entails substantial changes jn the agrieultural
funciions involved and the techmeal hase needed.

1. Funclions involved

The main funetional changes involved center arvound production, havvesiing,
and markebing. Improved varielies 6f grains require a “package” of inputs if
they are fo attain their maximum production potential. While any vaviety will
lrespond to inputs such ag fertilizer and water, they will.do so enly up to a pomnt,
find then diminishing returns sef itt. The new varieties have a wuach higher re-
sponse threshold.

This iz most easily seen with respeact to fertilizer. Unimproved native variefies
‘have only a limited response to fertilizer in terms of yield: much of the added
prowth goes into the stalk, which, as it becomes taller, is-more.apt-to lodge (bend
or bregk). On the other hand, the high-yielding varieties have semi-dwari charae-
teristics: as fertilizer is added, the-response is in terms of grain yield, not stalls
growth, Furthermgre, {he partly-dwarfed varieties bave & stiffer stalic. Thus the
point of diminighing refturns becomes much higher for fertilizer.

TABLE 2—ESTIMATED AREA PLANTED TO NEW HIGH-YIELBING VARIETIES OF WHEAT AND -
RICE IN THE-LESS-DEVELOPED: HATIONS

{In acres (rounded)]

Grop year Wheat 1 Rice ® . Tatat
(X )
14,000 37,000
2,343, 000 3,807, 600

6,762, 000 16, 420, 0G0
12,300,900 (27, 050, 000}

I Essentially 21l Mexican or Mexican-Eype varieties. Exclides Mexicn (where an average of 1,850,000 acres was planted to
improved varieties during the 1950-64 penad)

? prmarly International Rice .Research Institute varrehies (1R-8,,TR-5), but.also includes substantial quanlity of
{1y ADT-27 and Taithung (nattve) | in Inghia, and (2 BPI-76 in Phslhippines. (oes not include area planted to longstanding
improved loeal varieties i Ceylon and Talwam.

2 Neghgible. . "

4 Plus 2n unestrmated quanhify.of improved wheat in Nepal,

Source: Dana G, Daltymple, “Imfnrts and Plantings of ngh-‘riélding Yaneles of Wheat and Rice in the Less-Daveloped
Nations,” International Agriculfaral Development Service, Dec 17, 1368, 18 pages, as updated for India and Afghamistan.
(The reference to wheat acreage in Mexico in feotnale 1 was cbtained from figures compiled by Reed Hertford of the
Economic Research Service.} !

The same is true of water, Consequently, most of the new varieties of wheat

and rice are grown on frrigafed land. Recently, however, a new {dryland wheat
variety ‘has been developed (the -wheat still reguires water but can be planted
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earlier and matures before the summer dry weather sets in). If, too, requires a
package of inputs, including increased fertilization for maximum payoff.

Other inputs required include deeper plowing, drill ox -strpight row planting
(wheat), improved insect and disease conirol, more attention {o weeding, betfer
management, efe.

Bren without adequate inputs, the new varieties gemerally slightly outyield
native stock, It is reported that the new dryland wheat, for instance, will by
itself increase yields 15 to 259 over older varieties. But if no provision is to
be made for inereased inputs for most of the new variefies, it may nof be worth
bothering with them. Thus the adoption of netw varieties almost always goes hand
in hand with the adoption of new cultural practices and new inputs.

Hse of new produetion technologies also leads fo o need for-changes in harvest-
ing and marketing, The new varieties, especially rice, are-quicker maturing than
native varieties, This menns an earlier barvesting period; in the case of rice

this.con come during the wet season, which in furn steps up the need for im-
proved r]rymg equipment. Also the inerease in yields can overwhelm existing
harvesting and marketing technigues, creﬂtmg a need for further changes.

2, Need for technical base

The preceding changes in functions must, to be carried out effeetively, be
built on a sound technical base. First, the seeds themselves must be available
and of proper quality. High guality seed muliiplication requires exacting techni-
cal and ethical standards. These are often difficult fo meet under the condi-
tions that exist in the less Jeveloped nations. Second, manufactured inputs must
be available for production purposes. These include: (1) inputs for direct vse
such as fertilizer, insecticides and pesticides; and (2) inpuis for the manufac-
ture or application of the previous items (electricity or gasocline engines may,
for instanee, be needed to drive the water pumps for irrigation). Thirdly, manu-
factured inputs may be necessary for harvesting,.drying, and stordge of grains.
In addition, improved. communications and transportation w9y be essential.
MThus, a fairly elaborate technical-base-—both in terms of knowledge and physical
inputs—is necessary to capitalize on the new varieties.

C. ADOPTION PROCESS FOR NEW VARIETIES

As with other teclimologies the adoption of new varieties has moved unevenly.
Here we.shall consider some of the major characteristics of thé process
1. Fuctors infiuencing rate of adopiion
The early adopters of the new varieties tend, as might be expected, t0 be bet-
ter-than-average farmers They are -also usually the lavger farmers. In Mexico,
for mstance, wheat was most quickly adopted by the large, irrigated holdings
of the commercially-oriented wheat farmers. This is notf, however, alwars the
ease ! in Kenya in 1987 about two thirds of the 308,000 z2cres planted to corn was
in the lands of small farms, while in Turkey the 420,000 acres planied to wheat
were divided up among approximately 60,000 farmers. All told, the new varieties
are probably more neutral with respect to farm size than many other technologies
The rate of adoption of new varieties varies widely—both in terms of type of
grain and farm-and region involved. With respeect to the grains, Mexican progress
in wheat has not been matcehed by progress in corn; Indian progress in wheat has
not yet been makched by progress in rice. Similarly, adoption has moved fasler in
some regions thah-others.
Barker lus identified nine fadtors which he feels have infiuenced the rate of
adoptien of new rice varieties:
IWater control
Insect and disease-problems
Availability of complementary inputs (seed, fertzhzer, labor, credit, ete.).
Quality of farm management
Farm instifutional strueture
Relative advantage of new over existing varieties
Accéptability of the gquality of the new grain
Availability of marketing resources
Government institutional strueture, pricing policy, and initiative
TWater control is needed beeause the new shorter stemmed varieties cannot
survive under {looded conditions: at present about 20% of the rice-growing area
in tropical Asia is irrigated. More attention is needed for insect and disease
control. for any ercp grown under intensive high-input conditions; moreover,
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some of the varieties (particularly IR-8) may not have as much nalaral resist-
ance as loeal varietias.

In some regions where the new varieties have been grown sueccessicliy for
several years, the problems may take on 4 different complexion. Such is the case
in the Thanjovor area of Madras state in India. There the expansion in the nse
of the new varieties may have hit 4 plateau hecause of problems of reviving an
ancient irrigation system, tight official control over the rice price (the price in
Madras City is reportedly-the lowest in any major Indian ¢ity?, uncertainty over
land-tenure, and problems in making impm ovements on rented land, Varviations-of
. ‘Some of these problems may influence the rate of adeption elsewhere.

3. Role of government in acdopiion

The major role in the spread of .the new varieties has been pIayed by the na-
tional governments of the EDC's in cooperation with IRRY, CIMMYT, and/or
the Agency for International Development (AID). °

National political leaders have talkken a parbicular interest in the variety
programs: .

Afghangien~—Former Prime Minister Maiwandal was 20 wmmpressed with the
producticn potential of the Mexican wheats and with the urgent need to arrest
Afghanistan’s growmg dependence on 1mp01 ted wheat that he assessed each of
the dinisteries 2.5% of its current year's development budgzet to create a fund
to launch an accelerated wheatproduetion program.

Indic—C. Subr&maniam, former Tood and Agricuiture Minigler, took ad-
vantage of the food crisis to mobilize support for amd, launch the accelerated
food—productmn effort responsible for much of Indin’s gains.

Tur key—wPume Minister Denirel feels strongly enough about the crash pro-
gram in wwheat production, initinted at his behast less than two years ago, to have
it divected and monitored from, his office, )

Vigorous suprort has 4150 been provided by President Marcos in the Philippines
and Prime Minister Senanayake in Ceylon.

The motivation for such support may not be entirely altruistic. In addition te
olbvious econoinic and social advantages to increased production, some politieat
leaders see them as a path to re-election. At least such seems to be fhe ense for
President Marcos and Prime Minister Senanayake.

Government support has come at many levels—from exhortations to increased
supplies of technical inputs, But heeause the new varieties require a “package”
of mputs, the programs generally tend to be comprehensive in nature. This means
necompanying the seeds with: inereased guanhties of inputs Such as fertilizer,
hroandseale educational efforts, aftention to inereasing credit supplies, est&b—
lishment of-démonstration plots, initiation of price support and purchase programs,
and many other steps.

In some cases these programs were virtually a cooperative effort of the na-
tional government and AID. Sueh was the efse for rice in the Philippines, Vielnam,
and Laos, and for wheat in Turkey. In the Bhilippings, among other activities.
AID developed -a do-it-yourgelf rice kit which has proved yery popular. ATD
has also been connected with new variety mtroductmn in’ other natmns such as
India and-Pakistan.

Burma is somewhat an exception in that it has largely made its way alone
The route, if not the temper, has been'meh the safme :

The government has exerted great efforts to induce the Burmese farmer to
expand IR-8 production. It has Tauded the qualities of IR-8, offered the farmer
impertant material inducements, and mobilized the entire government apparatus
and controlled press to support the program.

Once initial adoption is secured, continuing government support is necessary
to keep the program going. The Philippines has, for example, developed a wide
ralc}[ge of activities since 1967. Other nations may find it all too easy to let things
slide. -

3 Permanency of adoption

The adoption of new varieties .is not a2 permanent thing. Growers may tr¥ a
specific variety for a year or so and then decide to drop it with no pantlcular
capital losg.

Regsong for Jropping. a yariety probably: tend to center around:.economic
matters. Two surveys. of farmers in the Philippines who decided.not to grow -
improved rice varieties another season indicated that over 50% of the reasons
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were due to low price or added expenses; anofher 10:to 159, related to-the added
labor involved. A Burmese village reduced acreage because of the poor demand
on both the free and blaeck marlkets

But if growers should drop a variety, there is the possibility that they may
continue to use some of the improved practices, with beneficial effects on yields.
Moreover, it is quite pogsible that some of the growers may adopt subsequently
improved vaiicties. ) . .

Thys for any one grower, use of new varieties does not represent a locked
in techmnology, but one where there is, or is likely ot be, a continunl state of
fiux. . .

D. IMPACQT OF THE NEW VARIETIES

The effects of the new varety package of technology are multifeld. Some
are-quile apparent.already; others are just beginning o emerge. Here we-shall
concentrate on the economic and social/politieal effects-at the farm level

i. Beonomicimpact

FEconomic effects of the new varieties cenfer about their effect on production
and their consequent influence on finaneial refurns. '

(a)-Agricultural:output

The new varieties have had both qualitaiive impacts on output and have also
influenced cropping patterns. :

(1) Quuntitetwe effect.—Tlhe inerease in yields accruing from the use of
new-varieties is guite variable. It is one thing to talk about yields aftained nnder
experimental conditions -or by top growers, and quite another to talk about
average ncreases actually atiained by ordinary growers (whe may not fully
follow recommendations). On the whole yield increases associated with the new
variety package have probably averaged 50 to 10095 if the comparison is drawn
with conventional cultivafion in the betier growing areas. In other instances, of
course, the increases may be guite.diffevent (and they might vary between wheat
and rice). : .o

Mot all arable land is planted to the new varieties. In 1967/68, new varieties
aceounted for dbout (a) 69 of the area planted to rice in South and. South-
east Asia and (b) about 1895 of the area planted to wheat in South and West Asfa.
The propertions in individual nations varied widely. Just what percentage will
he reached over the.next few years will depend on.a number of conditions, Since
most of the vavieties to date (execept for the now dryland wheat developed in, Leb-
anou) are grown to hest advantage under irrigation,-the ares of irrigated Iand
available will set an upper limif. The actual figure might well be less than this
due to other eultural infiluences, as well as economic and soeial factors.. On the
other hand, the new yarieties which have a shorter growing season will inereas-
ingly make double cropping possible. . .

Apalyses carfied out by the AID missions in India. and Pakistan in.mid-1968
shed some light on the role played by new variety technology. The-studies were

- e¢ast in terms of the factorg contributing to the record inerease in produetion

in 1968 {1967/68 for rice) over 1967, Their relative influence was estimated to
be asfollows: .

{In pércent]
' ¢ i N West

. . 4 India, Pakistan
High-yielding varnieties insluding fertilrzer and freigaton. oo . Y an 3 A5:4
Increased fertisZatran and wngaton of local varieties.. .. - 282, Lo
Expansion of area. oo 6.2 30.0
Weather (uther),__-.--_.._-:----:___:'__-_—_.:;-“--.—.-.»_-._.,----.-l_‘-.--.--._--- 353 47,1
Tl ] oo e e e eammm e m oo mmmmnemmemm e aan 100.0 100.0

.. It is not elear-what portion ¢of the-expansion of area, if any, was due to the
new yarigties, '+ T TN e ' ' . -
More generally, it has been estimated that during the 1968/69 crop year im-
proved: variefies may _have inereased rice outpuf ‘About 7% dand- rheat output
20%: in the, Axian area,’compared'to what production would hdve 'been with(n']i!;
=y P ',u':.‘k, . " 'J“, N - L I, - s 2
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them, As the area planted to new Tarieties expands they will, of course, play
a greater roie in inereasing production.

(2) Qualitative effect—In ferms of demand, the new varieties of grains are
often—if not nearly always—considered to be of lower quality than lecal vatrie-
tiex. There arve at least thfee” interrelated reagoms for this: (a) genetic
characteristics of quality may actually be less desirable, and/or (b) the new
varieties may require improved methods of harvesting, Ar¥ing and storing which
are not as yet arailable, and/or (¢) the difference may be more imagined than
real. We shall Took briefly at the first two.

Genetic characteristics of the grain may indeed differ. In tbhe ease of rice,
texture angd taste differences can lead to lower miliing and eating qualities—
influencing both domesfic and export markets. Some ¢of the Mexican wheats
initially used in South Asia varied from local preferences in ferms of grain
color (they were red rather than white) .and baking gualities. Breeding pro-
grams, however, are expected to solve many- of these probléms. Current rice
varieties will soon be replaced with new strains developed at IRRI and elsewhere;
an IR-8 cross with Basmati, for example appears promising for export pur-
poses. Numerous white-grained types of wheat have been developed"for use in
South Asia, Alore are to eome,

FProblemg with harvesting, drying and storing can arise :Erom at least two
sources. One Is the fact that the sharply increased yieldsfrom the new varieties
may simply swamp existing harvesting, drying-and storage- facilities; this in
turn may lead to 2 consequent loss of grain quality, Or, as 111- the-caze of rice,
there may be a problem of timing :

The TR~-8 was harvested approximately one month e{Lrher than local varieties
during the end of the wvet season., Rice sold wet in fhe feld received a price
diseount well in excess of normal drying charges due fto the risk invelved in
drying and milling:before the rice spoiled,

To gome extent, the dufiicullies involved with earlier harvesting of rice could
be avoided if betfer equipment or facilities were available, But all toe often
they are nof. Increased rattentlon is being given io these matters at IRRT and
elsewhere.

(3) Influence on cropping patterns —The precedmg quantitative and qualita-

tive effects could have prodounced effect on cropping paiterns,
" In the sbori run, the increased returns.available from the high-yielding varie-
ties have in some -cases led to a shift in production from .other crops to rice
and wheat. In Indiz, for instance, during the fall of 1963 farmers appeared. to
show a preference -for wheat while the area planted to some other crops such as
gram, barley, and pulses showed a small.reduction. Alternatively, shorit-term
success with grains may lead- nations to overlook ofher promising orops: one
crop economist claims that in Vietnam, for example, preoccupation with Tice
has led to the negleét of*-bansnas as a potential export crop.

Over the Ionger run, the increased ouptput possible with the new varieties,
and the impetus they give o mulliple cropping, could well increase grain sup-
pliers in some areas to the point where some land is freed or shifted to other
cerops. This appears to have ¢ceurred already among some rice farmers in the
Philippines and wheat growers in Mexico (in the latter cose, the shift was
encouraged by the gevernmerit's price support program). The other ¢rops might
well take the form of fruits and vegetables, or feedgrains for livestoek preduc-
tion. In other svords, the nmew varieties may in effect lay the ground work for
the diversification of agricultaral produetmn .

(B) Financial returns

The net returns to farmers from using the new varieties are influenced by
changes in returns and costs. It was soggested-in Chapter IV that increased
returns are most likely to go to those who first adopt a_technology, whereas later
adopters may find Jlitfle if any mprovement Our emphams here will necessarily
be on the shorter run, -

{1) Changes in farm prices and c0§t8.—The increased output associated with
the -new variety technology lays the base for ineregsed income in the short run,
The pig questions concern the direction apnd magmtude of the price changes,
These are directly determined by twwe factors: the quality of the product and
the speed with which production increases.

There is, as we have noted, at least a temporary grain guality dlfferentlal—-
one which has not favored the new varieties. In the Ehilippines, as-of late 1968,

- - - v
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IB-8 rice was selling at ahout 20¢) below local varielies on the open market,
even though the government buys at the same price. Out of 153 farmers sur-
veyed in the Philippines during the wet zeason in 1967, 148 reperted a lower
price. Tn India, the reddish grain produveed by the Mexican types of wheat often
sells at 10 to 15% less than the best white grain Indian types. The international
situation in late 1968 appeared to be particularly dificult for IR-8: one big sale
made by the Philippines to India late in Oectober was concluded at a price which
reportedly represented a loss. Discounts for the new varieties are not, however,
the 1ule in every market,

The price of grain iz, of course, influenced by the guantity available—hoth
nationally and on the world market—and ‘the nature of demand. During :the Iate
1960’s world produnection of wheat and rice incrensed substantially. The demand
for these two¢ eommodities, moreover, is generally inelastie. Thus if 1s not sur-
prising that there was a decredsé in some prices during the latter part of 1568,
The FAQ world export price index Lor rice, for example, moved as follows:

January —. — 145 | AUgUSE e 147
February - ——_ 150 | September e . 145
March __._ e ——— 158 [ Cetober - oo 139
April 162 | November . ____ 139
MAY e " 149 { DecembDer —mmemmee e 14
June _— — 148 | (JTanuary 138)
Tl e __ 149

Siinilarly, the vrholesale price index for wheat in Indin during the June to
November period was over 12% below that of a year earlier. Thus, while provid-
ing the basis for an increase in production, the new varieties alse likely con-
tributed to a drop in prices

In some of the less developed nations, the price drop was mitigated at the farm
level by government price support and purchase program-—such as that for
wheat in India or rice in the Philippines. But this was done at no little strain to
government freasuries. The Philippines, in faet, was led to propose an interna-
tionai rice agreement. Production increases in Mexico threatened to create sur-
Pluses and in 1966 the governmment reduced support prices for irrigated corn and
whesat grown in leading areas.

The added inputs invelved in the production of new varieties clearly will
raigse the costs of production per aere, though not necessarily per ton In one
study in the Philippines, the increase in variable costs per hectare for growing
BPI-78 and IR-2 instead of native varieties under traditional practices hrought
the total costs up by 34 to 34 ; costs per cavan of output, however, were liftle
different (and were less for TR-8), Comparable iHustrative data are net at hand
for wheat.

(2) Changes fn farm income~—It has been widely assumed that the increased
returns from growing the new varieties have exceeded the costs. Tucomes have
probably generzlly bheen increased in the short rmn. Yef there is little solid
evidence on this point.

The returns on rice have not been uniform either seasonally or by market.
Farm management studies on rice in the Philippines in 1907 suggested that net
returns per heetare for IR-§ were iwwo-thirds higher than traditional vazieties
during the wet season but only slightly higher during the dry season. The sitng-
tion in Burmn varies by market: as of late 1968 it was (2) profitable to raise
TR-8 for sale to the government, hecause the purchase price was the same as for
other fypes of rice, but (b) not profitable to grow it for the free or black markets
because of 4 1ack of demand broughf, on by quality problems.

Returns can also be viewed on a macro or micro basis. The gross value of the
increased wheat production in Turkey during the 1967/68 segson was estimated
at $23.6 million, while total additional costs to faormers iwere placed at $180
million, giving. very roughly a net return of more than $5 million. A linear pro-
gramming study of foodgrain produgtion in the Punjab in Indiz in the land
1960’s, however, suggested that net income per acre wonld not be significantly
increased until fertilizer levels were incrensed substantizlly and capital was not
a constraint. dMuch more study-is needed on the nature of short- and long-run
¢hanges in farm income.

2. Saocial/potitical impeact

Social/political problems can arise from the fact that certain groups may not
share evenly in the benefits aceruing from the new varieties.” Within regions
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there are farmers who may not adopt the new varieiies because of economic or
other reasons; similarly there may be differences in rate of adoption between
regions. While those who adopt the varieties will face, as we have seen, further
adjustments, their economic situation may well be better than those who did
nof adopt {ilhem.

TWhere this is so, there may be a growing or widening economic gap between
sectors of the population. This may be less of a probiem with the wheat and
rice varieties than with more mechnical technologies because they can be 1ela-
tively widely adopted. In Turkey, for instance, it has been reported that farmers
who did not adopt the new wheats were “. . . those who because of inadequate
rating could not borrow money, or theose who were rational non-adopters . . .7

But there is an added -dimension te the problem. Not all new varieties have
moved as quickly as wheal and rice. Corn in Mexico is a prominent example.
Although improved hybrid corn varieties were developed in Mexico along with
wheat, a much lower portien of total area has been planted to them. Part of
the reason is that corn is the staple crop of the small low-incomne farmer who
usually doesn’t have irrigation. dorepver, e may noft have the opportanity ox
regonrces to buy nesw seed each year, not to mention the-other inputs. The 1esult
has-been ihat small farmerk have largely been bypassed-by technological change,

Technology is, morecver, apt to change mnch more rapidly than ingtitufions.
One-of the most severe difficuities in many areas concerns land lenure arrange-
ments :

IPendal land tenture relationships, which were suceegsfully transformed in post-
war Japan and Taiwan by decree, are proving wretchedly durable in south-
east and south Asia. Unless legislation keeps pace with economic changes, the
agricultural revolution will roll by leaving {he rural population dispossessed.

The problem in many of these areas Is that the pay-off from innovations is
capifalized into land values, 1esulting in increased rents for tenants.

But the adoption of new varieties has not—unlike many new technologies—
tended to directly result it the displacement of labor. If anything, if may have
led to inereased employment in the short run, especially in rice areas The same
may be true gver fhe longer run. partieularly as increased grain produefion
protvides the basis for diversification involving labor-intensive crops.

If there hes not been a sharp gquantitative drop an employment, however, there
may have been o qualitotive ghift In wealth, The farmers who have been the
fixsk to adopt the new varieties have been made, temporarily at least, inancially
better off. This inereased wealth has not necessarily been passed on to the work-
ers in improved wages. The result has been growing social iension in some
areas. In-the State of Madras in India, for instance, the uneven returns from the
new varieties have led fo serions clashes between owners or fenants and agri-
cultural laborers: “Wages have increased unevenly throughout the district, and
the landleass laborers have been agitating for an even bigger share of the new
prosperity.®

The problem, as Mellor puts it, is that the new technolegies mray provide their
bepefits in proportion to landholdings rather than in proportion to Imbor inpuis.
Thus if social/political problems of the sort diseussed here are to be avoided,
landlords may have to adopt a more enlighfened policy on land tenure, while
farmers may bave to provide more equitable wages for landless laborers. Neither
will be easily accomplished.

S. Nationel and wmiernafional implications

We have discussed the effects of the new variety technology largely in terms of
their influence with respect to agriculture. There are, of course, many potential
effects ot the naftional and international level.

At the national leyel, supplies of grains will be inereased and prices reduced.
Depending on the degree to which marketing and food distribution are im-
proved, the result mray be a reduetion of undernuérition. To the extent that in-
creases in grain supplies permit increased production of other erops, there may
also be 4 reduction In malnutrition, The improvement in mutrition, together with
the possibility of redueed imports and inereased exports, will contribute to na-
tional économie growth. The results, however, may not he favorabie: the tem-
POTAIY increase in constmer income (due to lower prices) and in the income
of at least some farmers has caused concern about inflationary pressures in at
least one nation.

Impacts -at the international level may be more complex, particularly with
respect to-trades As less developed mations inerease grain production, they will

38-812—T70——12
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first move to economic self-sufficiency and then pessibly into an exporiing sit-
uation. Self-sufficiency will mean 2 reduction in dependence on foodgrain im-
ports—especially those of a concessionary nature; this in turn may create some
short-run adjustmrent problems for food grain exportmc' nations (though over
the Iopger run, with economic development the market for some agriculiural
producés may 1mp10ve) But as the less developed countries move into the -in-
ternational grain market for grain, they will face & host of new and sophisti-
cated problems—-—lnvol'ﬂng questions of product gunality, comparative disadvon-
tnge, trade Dbarriers, ete.; in this ‘market the established exporters may well
liave the edge, Issues of this nature will doubtless be of increasing concern,

THEE RoLE OF BESEARCH IN THE “GREEN REVTOLGTION"

(By Edwin M. AMartin)

(Edwin AL Iartin, Chairmon.of tite Development Assistance Commitiee of the
Organization for FEconomic Coopéretion and Development, has served, with the
Department of Stale for alinost 25 years, Prior fo uccepting -the DAC chairinan-
ship i 1968, he weas U.5. Ambassador to Argenting for four years. He has gizo
Leld. the positions ef Assistanit Secretary of State for Inter-American Affairs,
Agsigtant Seeretary of State for Hconomic Affairs, Deputy U.S8. Representative o
fhee North Atlantic Council, and « host of others. Thiy article originally appeared
in War on Huager, ¢ report publighed monilhily by the Office of the War on Hunger,
Agency for International Development, Volume III, Ko. §; September, 1860.)

Future economic historians may well choose to refer to the decade of the
1960°s as the decade of the “Green Revolution”. For what has started fo happen
to rice and wheat and corn productivify in a number of tropical countries may,
be the start of & major transformation in the well-being of some two-thirds of
the world’s population whose eeconomic fortunes ave largely determined by how
much their hunian resources and their goil and water can be made to produce.

If future developments justify such a label, the respongibility and credif will
go in large measure, to the scientisis in agrlcultuml research institutions who
have devoted their energies and abilities to focusing all mar’sunderstanding of
the scientific principles of "enehes, soil chemistry, plant pathology,-entomology, -
etc. to the single purpose of increasing the productive return from each. seed
planted .

TEAMWORKE FOE REVOLUTION

0f course; the new germ: plasms in their miracle seeds would be unheard of
outside of experiment stations if many c¢ther factors were not playing their
parts. Governments, with help-from foreign ‘countries and private investors, have
to use scaree resources, especially foreign exchange, to see that controlled water
supplies and adequate guantities of fertlllzer, msectlc:des and pesucuies» are
available fo farmers whelr they are needed at pnces they can afford to-pay.

Just as crocial has been the iransfer to millions of individual farmers, the
majority illiterate, of the technigues worked out by the researchers for comn-
bining all theseingredients to'secure the optimum results. To justify-the inputs,
they must be treated almost like a new crop, abandoning wars that have been
endorsed by generations of use.

The incentive to risk much, sometimes .all, in such an experimental. veniure

must come from an exceptional prospect of profit, resulting from a favorable
1atio betweer added input costs and the added value of a larger erop. 1t is.here
that superb teamwork between a {ew enlightened governments who have guar-
anteed muimmum Drices or subsidized inputs, or both, and the researchexs who
have made available a package of new inputs (seeds, fertilizers; etc.), combined
with new agronomic practices c&pable not.of increasing-output 10 or 20 or even
50 pereeni-but-of doubliig ox, with multiple cropping, trebling or quadrupling
it, has” shown the way and. inspired the claim of “revelution”. “For farmers, no
matter how ignorant of the world or how tradition-bound.to fhe ways:of their
ancestors, have in country after country, shown beyond donubt that they vould
count, and that the prospect of large increases in profits has the same chain-
bréaking gualities.it has had elsewhere in the world's history. In these civenm-
stances motivation has been no problem.
. It is necessary, theugh, to keep it operatmg by preserving the cost- ]_Jl'lCe ratios
at an-adequate level, especially by seeing that there are market channels by
which the adﬂ.ltlonal foodstnifs produced can be sold at a fair pnce, or, from
the eongumer point of view, that more people eat better. N
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FUTURE RESEARCH ROLE

TWhat then ig the future role of agricultural research? Has it done its basic
job? Can extension services plus sound government policies carry the load from
here on ? The answer is an emphatie no,

It is, of course, unlikely that such long Ieaps forward as those made in recent
Fears will azain be possible for wheat and rice. But much remains to be done.

Present high-yielding varieties are dependent on relatively lsrge quantities
of carefully controlled water supplies. The limit of acreage on which they can
be planted will soen be reached: it is capable of only slow and expensive ex-
pansion by new irrigation systems. Af the rate population is growing, and is
sure to increase for several more decades despite what can be achieved by family
planning, there won’t be enough cereals unless productivity can also be greatly
increased where .such jdenl water control is not available.

SORGHTM, MILLET, CORN

This is a question not just of new brealkthroughs with wheafs and rices but
with dry-land grains such as the sorghums and millets. Although it proved jm-
possible to transfer excellent varieties of wheat and rice from temperate t9 sub-
tropieal and tropical zones, the tremendouns amount of knowledge about thou-
sands of varieties of these fwo graing which has been acoumulated by several
generations of researchers was the esseniial basis for the apparently sudden
breakthroughs which: have been achieved. No such reservoir of secieniific ex-
perience exigts for sorghum or millets and hence much more work 1s almost
certain to be reauired to achisve comparable resulis.

I have postponed further discussion of corn because it seems fo present the
special problemn of not only being unadaptable from one major elimatic zone
to another but of not being transferable withont substantial loss of productivity
irom one part of the tropics or subtropics to another. Bresding of high-yielding
varieties therefore has to be highly decentralized and many times duplicated.
Moreover, really good resulis have only been secured thus far with hybrid seeds
which are dQifficult to keep flowing in pure form to millions of small farmers.
The importance ¢f corn as g food in many parts of the world requires that this
duplicative research effort proceed with all energy.

Here too there have been some promising resulis in adding to the protein
content, thus providing without doubt that the cheapest and most easily achijeved
major reduction in protein deficiencies now in progpect This had added impor-
tance as we learn more about the life-iong effects of protein deficiencies he-
tween weaning and abouf six years of age on mental and physical capacitr.
Eliminating such deficiencies would represent a major investment in future
economic growth as well as individual welfare.

AGRICULTURAL PRIOELITIES

Grains deserve first priority because of their genmeral cheapness and aceept-
ability as the hasie source of calories and often of proteins. But they are not
sufficient to meet 2]1I needs, especiglly for proieins, and growing conditions as
well ag eating habiis give fmportance to other food crops. Next in priority are
probably the grain legumes and the root erops. Except for soy beans, and that
only under femperaie conditions, the research possibilities have been bardly ex-.
plored, let alone exploited. Here again, sturting almost from scerateh, we must
expect & major research investmeni, for a period of ahout ten years before asking
for g report on resuits. If significant progress comes sooner, we should express
our surprise and pleasure.

As living standards continue to rise in the developing countries, demand will
grow for the variety offered by fruits and vegetables Good nouiishment also
justifies their playing a larzer role in the daily diet. As grain productivity be-
ging 10 meet needs on fewer acres or in a shorter growing season, more acreage
will become available for these items. Here again we face an almost blank page
as far as basic research on the genetics or enltural requirements of most tropical
fruits and vegetables are concerned, the only exceptions heing major export
groups like citrus. Breedmg iz, of course, an espe(n:ﬂly prolonged process for
tree-borne fruits. Tt is therefore urgent Ehaf: 4 major start be made now.

"The need for-starting immediately in a major way on all these tropical crops
is underlined by the fact that jin ‘contrast to wheat, Tice and corn, the developed
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countries have almost no first-class secientists knoswledgeable encugh to Iake
) Ieadelshlp In training o research feam, let alone having a whole team.

Lagt in priority but ineapable of neglect are the nnpediments to larger ontpuk
of aniinal products. Some argue against encouraging this seetor on the grounds
that in o peor society one eannot afford the inefficiency of animals in converting
vegetative matfer info ¢alories and proteins for hwman e¢onsumpiion. Opponents
of this view contend that some portion of human protein intake must be in
animal form if malnufrition is to be eliminated. Neither are correct views.
There are large land areas which for one reasonm or another cannot produce
graing or other green crops for humang but can support animgls. On the other
hand, it is possible, though not always easy, to get an adeguate balance of pro-
teins solply from crops, with no animal supplements.

In any case, animal raiging is an integral part of many soeial systems. Many
people want t0 eat animal products and as-incomes rise will do so inereasingly.
These are unavoidable facts. I conclude from them that it is only reasonable to
put our scientific knowledge to work in. order to make the inescapable activity
of animal hushandry more efficient—to raise productivity.

OENERAL RESEARCH PROBLEMS

The most critical problems: are those of wasie due -to fropieal diseases and
pests, abgut’avhichaall too Iittle is yet known. There ‘are also: many aspects of
animal management in the troplcs about which we have much fo Tearn, Espe-
cially .important is the development of improved types of tropical forage, again
a field on which developed couniry geientists have had little reason to spendd
much time thongh some good vork is going-on in northern Australia.

In addition to the-preceding types oﬁ product specialization, there are several
general problems of-such aeross-the-board importanee as to deserve coneentrated
research efforts. Undoubtedly the most critical, already -alluded to, is the
handling: of ‘water. How best to get more where it is scarce? How to get uﬂ of it
where there is-teo much ® How to economize in its nses? These are Just a few of
the problems. In many countries the major preblems have factors in common, but
in details they are everywhere distinet, and a coordm&ted seientific attack
urgently needs to be mounted.

Shiffing cultivation, often (but nof always) slaah,-and-burn procedure, is
widely practiced in glmost all bush and forest areas ¢f the tropies m low land
and mountainous regions. Some shifting cultivation systems have left eropped
land (nfter three to five years of cultivation) fallow for as long as ten Fears.
Population pressures, creafed by post-war reductions in death Tates, are eroding
the length of fallow and with it the fertility of the soil. Ways to maintain soil
productivity with more or less coptimious cropping will not 'be easy to find be-
cause of both the leachmg action of the heavy tropical rainfall and the poor basic
quality of the soils in.many of these areas. Byt they are s0 extensive on all tropi-
cal eontinents-that scientists must find a new response to the situation which is af
least as satisfaciory, hopefully even. better, than the relatively sound one which
Eraditional society worked out for its sitnation of very low people-to-land ratios,

_ B H
REDUCTIQN OF TWASTE

Some also think intensive research is warranted in the kinds of crops and ani-
mals that ean be grown and on culfural practices in areas which seem certain to
be always arid, with considerably less than normal r&mfnll and no ground or
surface water sources for irrigation.

Others have suggested concentrated resea,rch effort on the reduetion of waste
b¥ rodents and hirds, serious problems to which no truly efficient answers have
been found.

Storagﬁ under tropical-conditions™is another waste problem to which the recent
sharp dincréase in productivity have gitracted mqr:e Attention, rightly though
belatedly. Spme estimates suggest wastage of grain between haryest and con-
sumption of ag much as 25 per ¢ent inmany eouniries, g rate we canngt afford
not to reduce.

In all these areas of yesearch agtivity it must be reemphasized that there is a
vifal role npt i}nly for n;a;mr ént%mat]mﬁll research cenﬂ:ers to condnet bhasie
resegreh solye- curre rodpetion and. dis prohle but alsa for
regiondl ;1{1}& natﬁongﬁ ce}xlttegs 'tgygogllnlreed.mg@l fo%éﬁ%%cai %qyof?:z%ﬁn})}f and con-
sumption conditions and o determine the best loeal cultural.-practices in the light
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of the culiural environment and available agricultural inputs. ANl must be sup-
ported. In both cases real success will, 4s always, depend on a close liaison with
Tarmers to insure that the right problems are given priority and that research
results are put promptly into practice. .

Some research is being done somewhere on most of the probleths listed. How-
ever, it Is seldom adequate in scope or intensity. Tn parkiculdr, the research
leadership required from a high-level team of outstanding mend, well-financed
and managed, is not presently available for giain lesumes or wodt cidpy, Eruits and
vegetables, water management, predator eontrol, or arid systems and only par-
tially for animal hushandry.

QUALIFIED LEADERSHIP NEEDED

What is needed? As always one needs money, hitt renily pot very mich. When
one looks at the hundreds of millions of dollars being committed each year to
agricultural development by both donors and recipients, and reads seme of the
well-known studies of rates of return on investment in dgriéuifiral researceh, the
wonder is that money isn’t looking for people rather than vice versa, To invest
s0 much without adequate prior research to maximize the real return on invest-
ment is a “traditionalist” approach, an anachronism in an age which owes its
riches to the application of scientific and techhical knowledge fo the eonquest of
our natural environment,

Actually, if bilaferal and multilatera! dohors could biild up fo a contribution
of $50 million a year by the end of five years we could have first-class inter-
national research ingtitutes operating on all the major problems: They vould also
ke giving substantihl training and advisory help to an extendive network of
regional and national centeis as well

It will take this long primarily hecause of the néed to find, and i1 many cases-to
train, qualified rfesearch staffs. Nothing is scarcer than firstcldss brains,
especially if they must also-be capable of operating as team membersaiid teachers
as well as scientific investizgators. Nor will it do to-try to get alonig by borrowing
experts for a year or two, excedt as specialized shpplémitnts Fof 4 hatil core team
of dedicnted permanent scientists, prepared to devote five or ten years or a life-
time to this rewarding fask.

Finally, if is equally vital that the organization and manggement of sueh cen-
ters be such as fo permit the scientists to spend their time at high priority tasks
directly related to agricultural prodnctivity. Research center direetors must be
free from polifical interference and yet close to polifical authorities, through
whom their resulfs must go to reach farmers. They must be free to apportion
funds flexibly 4s new problems arise and to insure a8 proper balance between lab-
oratory work and field testing. They must not only be free-to operate in this way
but able to do so wisely. Probably the hardest job of all will be to find guatified
direetion.

With such a joint effort of developed and developing countries, we can expect
a transfer of science and technology of the most fundamental importance, dealing
with the industry o which the vast majority of people depend for a livelihood.
No greater contribution can be made to the long-term prospeets for self-sustaining
growth whieh is the basic requirement for true independence as well as the weil-
being of all classes, but especially thosze who are now most in need.

ANTIFAMINE STRATEGY : GENETIC IENGINEERING FOR I'oOD
(By Bherret §. Chase)

What can genetics do 1o increase food resources? One answer 18 vi3ible in {he
rapid spread of dwarfing genes from g Juopanese wheai variely called Norin I0.
With these genes, short-stemmed ibheat varicties hove Geen engihecred which
giield more Lervesiable grain uhder dilensive cullivation in many paris of the
world. This is one aspect of genetic enginéering to increasé the food supply of
the rising world population, Prof. Chase, @ plent genckividt of the State Univer-
sity of New York and the Botarical Iluwseum, Harvard Univergily, describes
others from the plont breeder’s point of view.

Ag the civil engineer, part artisan and part applied physical scientist, designs
and constructs physieal struetures, in similar fashion the plant breeder, an engi-



178

neer also, part artisan and part geneticist, defines his objectives and manipulates
the plant materials available to him fo realize his goals and those of society.

Plant breeding predates Mendel. Many produciive plant breeders of the past,
even the very recenf past, had scant Iknowledge of genetic theory. Today the
productive plant.breeder draws heavily on the science of geneties and may bim-
golf engage in Tondamental sindies.

Though the plani breeding profession can take pride in its accomplishments,
the world situatiion reguires greater efficiency not only toward improvement of
the food grains, but also of almost all the plants cultivated for man’s use: fhe
fiber, pulp and timber species ; the vegetables; the beverage plants; the oil, latex
and drug species; the forages: and the ornfmentsl frees, shribs, foliage plants
and herbs.

Most promising is the recent increased internationalization of plant breeding
through inter-governmental programs, the activities of the philanthropic founda-
tions and the commercial expansion of the private seed companies. Iniernationali-
zation, so far, has resulted in greator efficiency of effort, a change of particular
importance to underdeveloped regions.

GRAIN, THE SUSTAINER

Historieally, presently, and for the foreseeable fufore. the food grains are the
crop plants most important {0 man (for recent world production levels, see
Table I). With sugar cane, another member of the family of grasses. they fur-
nish the bulk of his carbohydrate requirement and, directly or indirectly, a large
percentage of his protein needs. Rice is most important. Aceording to Paul
Mangelsdorf, former director of the Harvard Botaniesl Museum, “Af least 50
per cent of the world’s people get at least 60 per cent of their energy from rice,
Thus, more than 30 per cent of all the human energy on fthe globe now comes
from one plant species, the rice plant.” This dependence is likely to increase in
the near future, due to the rapid growth of population in the major consuming
areas. Next in importance, though greater in tonnage produced, is wheat, then,
in order, corn (maize}, barley, the millets.and sorghums, oats and rye.

TABLE |
Yorld production, 19561

Area Yiald Productien

n million imi00 kg,  in mallions of

Gratn crop hectares per hectare metec tons
126.2 200 253.1

2171.2 14-2 308.3

102.3 233 238 8

0.2 16,5 116 0

121 76 34,7

30.7 15 8 13,5

241 12.8 310

L | LU m e m e ———— 1,080.4

1Data: N Food and Agriculture Organization.

In the subsistence regions of the werld, food srains are consumed dirvectly by
man; in regions of afluence or surplus, a large percentage of the creop is fed
to livestock and poultry.

GENETIC ENGINEERING

An individual, whether man or crop-plant, is-the produet of genotype-environ-
ment interaction. In plant breeding, goals caunot be sef unless the cwltural
environment is more or less well defined. Conditions of nature—the day-length,
temperature regime, rainfall—are important. So are the movre controllable cul-
tural conditions-—the level of fertility, availability of irrigation water, the ade-
quacy of husbandry, and the plant population per unit ares. The plant breeder
lias learned from experience to breed ¢crops for the better rather than the poorer
or average farmer, for improved culfural practices rather than subsistence prae-
fices. By no means are all the problems of the breeder concerned with perform-
anec in the fofmers' fields Also important, often decisive, are problemg related
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to seed production and distribution, and the needs or requirements of the market
and ultimate consumer. A great deal of effort iy devofed fo genetie solutions
of seed production pmblems in those crops which are hybridized. For example,
no mafter how Jdecirable and productive hybrids may be, they cannot help fhe
farmer unless hybnd seed of good quelity can be produced in volume at low
cost, with a margin of profit for the seed producer.

GENETICS—EKEY T0O PLENTY

In my opinion, the gentic engineering of the major food grains is one of the
most exciting things man is dolng today. With its necessary complement, the
(evelopment and mplementatmn of populaiion control, it may well be the most
important. Considered in terms of nbsolute costs and absolute profiis, the genetlc
enhancement of fodd plants is the best of mvestments

The c¢hallenge to the plant breeder is evident from the comparative regional
yield levels per unit area of rice, wheat and corn given in Table IT (‘Iote par-
t1cular1y— the relative levels of yield in’South America, Asia, gnd Africa.)

ELEPHANT'S EYE

In all the food grains there are major efforts underway to restructure the
plants t0 make them betfer ndapted fo high levels of production per unit area
under conditions of intensive enlture. Three attributes.are receiving. particular
attention: plant height, stiffness of stalk, and leaf arrangetnent. Short plants,
stiff-strawed, with upward extending leaves are favored, as these seem mofe
able to withstand high levels of nitrogen fertility and ]ngher plant densities
thanare talt planis or planis with lax, drooping leaves. Upward extending leaves
seem to be more efficient in energy gathering—in photdsynthetic efficienoy—
when plants 'are crowded elose together than are lax, drooping leaves. Short.
stiff-strawed plants ave also better guited to machine culfivation ond combine
harvesting.

The corn farmer it the United States and his counferpart elsewhere does not
want eorn “as high as an elephant’s eye.” He wanis short, lodging-resistant
plants, -easily machine: harvested, 16,000 to '24,000° or more of them per acre,
each producing a well-formed ear. In the: north, ordinary corn is short enough;
in’ the éential Corn Belt shorf-statured hybrids are replacing the taller corn of
the recéent past. In fhe Sounth and m-hrop:cal regions where corn normally is very
‘tall, dwarfing genes, such, as the recessive brachytic-2, are heing introduced
mpidly to commercial varieties and hybrids to achieve drastic shortening of the
stalk. Brachyties2 results in a telescoped form of dhe plant, with as many leaves
as a normal counterpart but much less height With sych dwarfing. for photo-
synthetlc efficiency, the desmabﬂlty of genctypes with upright leaves increases.

In grain sorghum, a whole series of dwarfing genes has been recognized, and
used, to produce short plants The increase in sorghum’ eulture in the United
States traces directly to the utilization of'these dwarfing genes to produce vari-
eties well adapted to combine harvesting. Grain sorshum preduction here has
increased approximately 15-fold since the 1920s.

TABLE il
Relative yields of grain per umit areain
crap, as percentage of highest
: ‘Rice Wheat Corn
North AMerita e o cemremremrimsssmamrcmesmm—em———————— - 67.9 804 100.0
South AMeEea e e 326 54.3 38 2
Wostorn EUr0pe e e e e an v oo e 00,0 109, 0 82.8
Eastern Europe__- 835 99.1 68.0
USSR.. 500 47.5 67.7
Asfa___ Me 33.9 315
Africa__ . i0.8 20 30.3
Oceania . ool e m e mmmmmmmmmmm e 91 5 63.9 65.1
World_..__.. e ee et e m et emmen 35,1 57.6 §0.9

't Adapted from 1966 Data, U S, Department of Agrrculture “Agrcultural Statistics,' 1967 edsiton,

+
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EXGINEERIXG RICE

Many landraces of rice are five to six feet tall with drooping leaves. Research
conducted in Japan indicates that stiff, short-statured, upright-leaved varieties
of rice with tillering ability have the greatest yield potential under intensive
cultivation. Varieties have been bred to thesé specifications, Particularly produe-
tive have been a series of short-statured, stiff-stiawed varieties from Taiwan.
These, about 40 inches tall ai maturity, have produeced exceptionally high yields,
at very high levels of fertilizatioh. Improvéd versions, the product of intensive
breeding and selective work at the Internatonal Rice Research Institute (IRRI)
in the Philippines, are now moving oui into many rice growing regions of the
world. Some may be used directly, others will serve as breeding material for de-
velopment of locally adapted, short, stiff-strawed, upright deaf varieties. In the
Philippines, one of these, IR 8, averaged 80 per cent more grain than local
strains—a result of-being able to utilize 90 pounds more of nitrogen per aere with-
ot developing major lodging problems. .

Well publicized have Leen the short, stiff-strawed wheats recently developed
in Mexico. These have helped make Mexico self-sufficient in wheat. Mexico
wheats and their derivatives are revolutionizing wheat culiure in many parts
of the world., The story is the same: short, stiff-strawed wheats with npright
leaves respond motre successfully to high culture thin the loeal kinds they are
replacing.

The dwarf wheat “Gaines,” developed at Washington Stafe University, in the
period 1949 to 1961 by O. A. Vogel, and “Nugaines,” another derivative of the
eross of Norin 10 by Brevor, were used to plant about twe and a half million
acres of the wheat acreage of the Pacific Northwest in thé 1967 and 1068 seasons.
alany vields in the range of 150 bushels per acre were recofddd. One-farmer ob-
tained a yield of 209 bushels per acre, the world record for Wwheat (the U.S. aver-
age-was about 26 bushdl per acre).

AEXICAN WHEATS

The Japanese, effective plant breeders in many felds, bave recognized the
advantages of dwarf wheals for years, Norin 10 was registered and released in
1935. As is irue of many Norin 10 derivatives, the variety is not only short with
stiff straw but produces more tillers (separate fiowering stallks) than is vsual
among other stiif-strawed varieties. European wheat breeders have tlso long
appreciated the advanteges of short, stiff-strawed wheats, In Italy, Japanese
wheats were used in breeding programs from 1911.on, if not earlier.

The present surge of world inferest in the dwarf wheats has grined impetus
from the cutstandingly sucecessful worlz of N E. Borlaug and-lis associates-in the
cooperative wheat improvement program of the Mexican Ministry of Agriculture
and the Rockefeller Foundation, iniliafed in 1954, Improverent yas dramatic,
In 1943, average wheat yields in Mexico were 11 bushels per acre : half the wheat
needed was imported. By 1963, 37 bushels per acre were being produced.in. Mexico
on the average, and the couniry had wheat avajlable for export. i

AMORE IAMPORTE

In 1965, Pakistan bought 350 tons mote imports of Mexican dwarf wheat for
seed. These 350 tons planted 12,000 acreés whare they yielded i 50-f61d Increase,
four times the normal Pakistani yield From the increase 300.000 acres were
planted, including 35,000 one-ucre demonstration plots in 18,000 villages. In
1967, Pakistan imported 42,000 additional tons of Mexican dwarf wheats. These
new varieties have helped end-a 20-year food grain deficit, "Fhouvght is now being
given to use of surplus wheat lands for other purposes. -

In India, 18,000 tons.-of -the Mexican iwhéafs were imported in 1966. In the

© 196768  ceason, six million acres were sown to dwarf wheats, 18 per cent of the:

wheat acreage This 13 percent preduced much more than ifs proportionate
share of ihe total crop—on estimated 40 per cent. .

The dwarf wheats have given a ferfilizer response in, Mexico, India anfl
Pakistan of the order of 17 to 30 pounds of grain for each pound of mitrienf fur-
nished, s eoinpared to 11 to 16 pounds per pound of nuirient for the 16val un-
improved kinds. Though the Mexican varieties have done well, similar locally

-bred varieties may do better in resisting local-disenses and in satisfying the local

market. Unfortunately, the red-grained Mexican varieties such -ag Lerma Rojo

o e —
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64, PY 18 and Sonora 6+ sell well below the Drice of the white-grained loeal vari-

efzes. Such color preferences are restrictive in regions where food grains are used

directly for human consumption. These and other enlinary ehamctenﬂtu.s and

‘milling properties must be taken into account by the bieeder along with gross
wicld and agronomic characteristies.

THE WHEAT GAMBLE

IPhe massive.importafion of Mexican dwarf wheats into Tndia and Pakistan was
1 major gamble: a brilliant ongé ive can say, since it paid off. It could well have
failed. The gamble wasmade necessaty by the inadequate supnort of wheat breed-
ing and egriculiure generally in Ingdja and Pakistan in the past. The sort of effort
undertalken in Mexico should have been underway in India ‘tnd Pakistan at {(he
same time or earliel.

Both India and Pakistan have firsi-rate plant breeders. Yet wheat breeding as
a necessary task was not adequately suppoerted by the Indian or Pakistani govern-
ments or, before parvtition, by the British. The resnlt was that the imminent threat
of famine forced the gpmble of ampovtation of vast guantities of the Wlexican
dwarf wheats, wheats known to be of 4 grain color disliked by the local population
and Known.dto be su..ceptible tp endemic plant qiseaSe Plant breeding is now more
highly regarded. in these Ewp counkri 1es ; it is indped becoming an honored
profession.,

QUESE FQR RESISTANOE -

The guest for genetic 1esigtance to attacks on plants by disease organisms,
insects and othel pests is unenﬂmg For years the wheat and oat breeders were
coneeyned wilh little elge. Control of pes,ts through genptic resistance pf the hosk
is usually more economical than eontrol-by chemmals It may also be more certain,
and it ayolids the dangers of envlmnmental ]_:;ollutmn hx pesticide residues Con-
sequently, resmtpnce to rusts gnd othgal fungi, and to jnsect damage, is bred into
the cgleal ylants when possible. In some cases, the producis of sueh breeding
efforts have Leen highly successful in withstanding the attacks.of pathogens. In
ofher cases, the resulis have been dmappomtmb

Losges from disease and insects aze immense. According to Elvin €. Stakman,
professor emeritus of the Instifute of Agriculture, University of Minnesota,
“The . control ¢f. pests-and pathogens of the principal cerenl food graings—wheat,
rice, maize, Sorghumsg and millets——would add 200 millen tons anntinlly to the
billion tons now produced.” At:the subsistence level of hyman existence, outbreaks
of plant disease can be catastrophic. More than a million people died in India
in.the 19405 in direct consequence: of" Helininthosporpu blight of the rice crop.

In one of the-most remarkable-Teats of-genetic engineering.accomplished to date,
E R. Seaxs transferred a-small segment of o chromosome of Aegilops umbellulaia,
carrving A-major gene for lenfrrust resistance,-to common wheat. Common wheat,
Triticwr aestivum, iscan amphidiploid containing the full chromosomal comple-
ments: of its three ancestral species. degilops wmbellulaia -is a diploid. Atfempts
to cross the two species directly failed, hut wwoth can be crossed with Twitfcumn
dicogcoides; emmer wheat. By use of this species as a bridge, Sears obfained
plants with all the chromosomes of common trheat plus one from gontgrass,
the chromosome carrying the resistonce factor. These-plants are iriadiated prior
to sex cell formaton. Among-some 6,080 progeny, one plant was found that had a
minute-chromosomal translecation involving the desired-gene for resistance. This
plant was fully fertile and prnwded the desired somce of leaf rust !:esmtmce for
breeding worlk, .

. IMPROVING 'NUTBITIVE QUALITY

¥ . .

The cereal crops of the world ave deficient in the esseptial gmina geid, Ivsine,
and other Jmino acids.as well, as-meagyred by hyuman requirements. But legume
seeds—soyeans, geanuts, beans and gram——aye Yich in Ixsine. Use of Ie"ume
speds 95 g digtary gupplement is common among grain eafers throughout the wcrld
Gonsuier the corn and beans of the American Indian, the peanuts and sorshums
or miliets of the Afriean, the use of gram.and other pulses as past-of the diet in
India. At the subsistence level, however, protein supnlements tend fo be absent
from the diet of babies and young children and ina dequate in amounts for adults.
Children in early life are particularly vuloerable to amino zcid deficiencies.

Two recent developments have stimulated breeding for improved protein. One
is the simpHfication of devices for measuring amino acids by kind and gnantity.
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The other is the discovery by Mertz, Bates and Nelson that & xecessive corn gene,
opaque-2, mediates the development of corn protein with unusually high levels
of lysine and rryptophan, Another recessive gene, floury-2, seems to have some-
what sitilar favorable effect on the balance of essential amino acids. The flour
corns, highly regarded by the Indians of North, Central and South America but
largely ignored by modern agrieulturalists, may be worth attention.

These varieties of indigenous corn as well as others are being _ca_reful}y
sereened, as are genetic mutants and modern commercia{ corns. Variatiops in
the amino acid balance of the sorghums have been established. Certain strains
of wheat have higher guality protein than otbers. A strain of oats with protein
of unusually high quality has recently been discovered. These developments are
‘promising, I the balance of essential amino acids in the food grains can be
substantially improved without loss of total food enmergy productivity, this
will set the stage for a great gain in the struggle against starvation and
mainutrition.

ADAPTIVITY

In all grains, eally maturity of crop is favored by farmers, provided yields
are satisfactory. Use of short-season grains may meke-possible double or triple
eropping. This ig the major impstus for development in early maturing varieties
of rice, In Italy, an appreciable acreage of corn is planted in June afier wheat
harvest. Short-season, heat-tolerant hybrids meke this type of double cropping
feasible. In certain tropicsl regions with long wet and dry seasons, drought-
resistant sorghum and water-requiring rice form successful double cropping
mates, provided the varieties mature early enough. In India, use of hybrid corn
has been slowed because the first otherwise satisfactory hybrids matured too
late—not too late to yield well but too late 4o give the farmer ample time fo
harvest and replant his land for the folowing grain crop. .

Wide adaptability to variation in day length has recently become an objective
of the plant breeder. The hybrid grain sorghums developed in the United States
have muech wider adaptivify than our hybrid corns. Attempts are beginning fo
breed corn for nonsengitivity to day length.

HYBRIDS

Heterosis is the increase in growth-rate, size, yield, and general vigor of

hybrids over parents., The use of heterotic hybrids for grain -production is a
lzoal of all eereal breeders, more remote for some than for others. In ¢orm,
sorghum and pearl millet, £his goal has been achieved; hybrids are being used
successfully. In the United States hybrid seed ecorn, the product of crossing
inbred (homozygous) lines to produce either single cross, three-way or double
cross hybrids, is used to plant almost 100 percent of the acreage. Our sorghum
is almoest entirely hybrid. Pearl millet iy being successfully hybridized in India
and elsewhere in the same pattern. The use of hybrid corn and hybrid sorghum;
outside the United States has increased rapidly in the past two decades. The
production of this first generation hybrid wheat iz mow underway. Whether
this venture will become a commercial success may be defermined this year.
Efforis are being made to develop solufions ito the problems of producing hybrid
seed of rice, barley, oats and: rye on a field scale.
« The eéconomic value of bheteresis in corn and sorghtm has been immense.
Yield increases of the order of 20 percent were obiained when hybrids first
replaced varieties. Subseguent improvements have given further substantial
advances. Single cross hybrids of corm, considered too expensive to0 produce
commercially when hybrids were first introduced, are now taking over an
increasing aecreage. It is likely that, in consequence of superior performance,
they will come to dominate.

The trends in yields of hybrid corn and non-hybrid soybeans in this country
in the period 1931 to 1965 show well the overall value of bybridization, A great
degl of effort by able plant breeders has been devofed to improvement of
soybeans, which do not lend themselves to hybridization. Both corn and soy-
beans are grown oh the same land at different fimes in & rotation. Corn receives
fertilizer because it responds well. Weed control and other cultural practices
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are comparable for the two crops. Bxpressed as Idlograms per heetare, corn
and soybean yields have increased as follows:

Years averaged Corn Soybeans
1,520 1,009
2,288 1,244
2,690 1,345
4,428 .

Sowrce: US Department of Agriculture,

The smaller increases in yields of soybeans are (ue to lack of hybrid vigor
and lack of résponsiveness to nitrogen fertilization. From 1930 to 1966, corn
acreage in the Tinited States decreased approximately 30 per cent while total
production increpsed by nearly 70 per eent. During the last eight years pro-
ductivity has further inereased. The average corn yield per acre in the United
States from 1860 to 1064 wag 62.4 bushels. In the years 1985 and 1966, averaged,
the yield was 72.95 bushels.

The history of corn breeding is full of forgotten efforts. Both Mexico and
Brazil started competeat corn hybridization programs about the same time ag
the United Stntes. The efforts failed because they did not receive sustnined
support. Seed production and distribution in ¥Mexico has been the responsibility
of 3 government agency which has failed to produce either the guantity or
quality of seed needed. Government agencies generally make poor seed Dro-
ducers. India is encountering some of these same problems. In Argentina, ¢orn
hpblids Zot 2 bad name because the first hybrids introduced were neither
ddapted to the couniry nor to the grain markets of Buenos Aires. The magic
name “hybrid” has been misused in other conntries also,

WORTHWHILE RISK

Yet geod hyhrids sell themselves wherever they are made available fo farmers.
Whether the use of first geeration hybrids will extend to the small grains—riee,
wheat, ete.—is above all a problem of economics. It is a safe bet that a farmer
will risk one dollar for the possibility of gaining ten. When he becomes mere
sure of the gain, he may be willing to risk two dollars to gain ten. 7.8, farmers
regularly risk.two dollars in pesticides for expected or average ten dollar return,

TRiemarkably, considering the wide use and great economic importance of
hybids, the biological basis for bhybrid vigor is not well understcood. Our present
conflicting theories of heterosis were stated more than 50 years ago. The power-
ful tools of statistical analysis have not, as once hoped, shed much light .on
this puzzle. Perhaps the fools of biochemistry will prove effective. Certainly
we should expand fundamental research into the mature of heterosis and the
biology of each important food plant.

Cax PoLitics Keep Up WIiTH TECHNOLOGY 2—FEEDING THE HUNGRY
(By Richard Critchfield)

(ALr, ('ritehfield, author of Tlie Long Charade, is on leave of absence from the
VWashington Star fo write ¢ book on world: Teunger problems. This article originaliy
appeared in The New Republice, October25, 1569.)

Roae~"It's new but terriffic,” said the enthusiastic young Tremch economist
as we sipped cafe expresso under Rome’s sparkling blue October sky. “In four
vears, 34 million acres planted in the new seeds in Asia alone. Ineredible. Malthus
may have been right but the erisis in our time will be social not mass starvation.

“IWe have been forced to redefine the population problem,” his Brifish colleague
agreed. “Now we worry more about idle arms than hungry mouths. Our new
strategy is to go beyond sheer physical food production to income redistribution
and jobs. It could be an agricultural revolution of the same magnitude as trans-
formed Eurcpe at the end of the eighteenth century. But .the social disorganiza-
tion could be so large-seale as to make it impossible to realize the new production
possibilities

.
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Ag they spoke, one could Iook down from the reof-top ferrazza of Mussolini’s
old colonial ministry, which teday houses the Food and Agricultural Ovganiza-
tion, directly across the via delle Terme di Caracaila, to thaot supreme assembly of
Roman ruins: Palatine Hill. Circus Maxhnus, the Coloseum, the Forum. The
memories of great men, the echoes of noble speaches, the sereams of the martyrs,
the final onrush of the barbarianus, seem fo hang all around them ; oddly cnougl,
fhe F'AO, which has just eompleted, after six years work, a master plan to avert
E'orld famine in the 1970s and 1980s, is situated In the very heart of aneient

ome. .

The challenge is familinr. Every ten seconds fowr people die of malnufrition,
about 190,000 more join the number of earthlings each day. If the present 19
per ¢ent growth rate holds, ihe global pepulation of 3.4 billion will double LY the
year 20006.

For years, the FAQ's former director genernl, Binay Ranjan Sen, an ascetie
Brabmin from India, kept hammering on these chilling statisties. Sen’s message
wag simple and very pessimistic: mankind was approaching the crisis predicied
in 1798 by Malthus, and, with the division of wealth broadly eoincidhng with the
division of color, the rich nations of the VWest were living uncomfortably clo<e
to something like a white man's 1789,

Sen’s FAQO colleagues today say his dire predictions were politically ealenlated
to transform world attitudes on birth control Exespt for Pope Paul, irreverently
referred 1o as “that ¢ld man over on the hill” by A O stafiers {(the YVatican is only
a mile oy so down the Tiber), it appareuntly i¢. For one, the State Department’s
Policy Planning Council under Walt Rostow in 1964 submitted 8 secref studr o
Tormer President Johnson concluding the Malthusign erigis yould bic in the mid-
19708, This, widespread monsoon and crop failures and famine in Bihar i 1965
led to Johnson's “short tether” mpolicy of doling out American food aid only for 2
few months at a time and tying it to specific aection by recipients to curb popula-
tion and grow mere food. A few leaders, snch as Egypl's Nasser, bitlked and re-
ceived No more grain.

But elsewhere the result was a wholgsale shifl in investment priorities toward
agriculture and adoption of new seeds and methods of cultivation. When favor-
able rains came in 1960-67"and Asian harvests rose spectacularly. a “green revolu-
tion™ was hailed and.there was talk of a few “miracle” rice and wheat seeds end-
ing world honger In.actuality, according to the FAQ, less than 20 fons of Asin'y
total annual 250 million ten grain harvest this yenxcomes from the new varieties.
Their real Importance ‘has been as a eatalvst, dramalizing fo govermments the
fechnological rewards of 25 years of past .investment and encouraging much
greater spending on agricutlure. - .

For instance, I can remember during the ‘height of India’s-near-famine-four
vears ago interviewing a young Indian seed technician onf on a wheaf field at
Pusa. Agrieultural Insfitute near Delbi, The field was one of the fitst of ten acres
to ‘be sown-jin.all.of India with fhe Wew Mexican dwarf wheat seed. T was sur-
prised and skeptical when he-said, “Fertibzer could solve India’s food problem
within two years Irrigafion takes time, but with enougl.nitrogen and these new
Mexican seceds, we could lick the feod shortage in a hurry.” At that time such
young -technicians were voices in the Indinn politica] wildernesg; today they arve
not. This year a third of Indit’s 34,6 millien acres of wheatland is sown in the
nesw varieties; the wheai iarvest has risen 51 percent in four Fears and India
now spends 20 percent of its foreign.exchange on fertilizer.

The new seeds are largely the product of years of patient research by bhe
HRockefeller and Ford foundations, starting with pioneer research in 1943 by
Norman Borlaug,. J. George Harrar and other plant breeders in Mexico; ther
cross-bred Mexican wheat, originally hrought from Spain by Corvtez, with dwart
strains from Japan, evenrtually producing a shorter. stockier plant which does not
Tall over under the weight of its own yitld. Similar research folipwed in the
FPhilippines. _ .o -« - ~- " "

- - =-- i'hé néw 3eeds have the virtues’of the old varieties with higher yields and
responsiveness to ferfilizer, are easier to harvest, and above all, are nonseasonal
Triple-cropping in the same field every vear is now well within the capacity of
millions of Asian farmers. The seeds are nof hybrid; an FAO fechnicizn cor-
rected me on this and described them instead as open pollinated, which means
that 20-pefeent of seeds sown need to be replaeed every year or they lose their
strength. Indeed, one FAO plant breeder feels strongly there may be real frouble
ahead uniess older, more primitive striins of'wheat and rice are izolated from
the new varieties and protected from extinction.
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8o far the new wheat varieties have had real impact only in Yndia, Pakistan
and Mexico, although Bgypt has developed its own high-yielding seed and the
new Mexican varielies are planted in Afghanistan, Irvan, Traq, Kenja, Nigeria,
Syria and Ethiopin. In the Aiddie East this summer, though, it was still touch
and go; new rusts and distases appeared for the first titne.

Rice is in deeper trouble The Philippines is a rice exporter for the hrst time
in history, Ceylon has upped its vire crop 34 percent two years running but mon-
soon floods m Indonesia, Thailand: and East Pakistan have Leen found to drown
the new short-strawed plants, cutbing off their air and sunlight.

Both the new rice and wheaf varieties face consumer problems; everybody
from the Twurks to the Filipinos has complained about their taste and texture In
Iandia and Pakistan, the new wheat is selling at a 20 percent discount and IRE,
the famolg first *miracle rice” has been found too gluey and unappetizing by
most Southeast Asians, who are rapidly shiffing to other siill newér varieties.
Nevertheless, the new rice is planted over more than 13 million aeres or nearly
seven percent of South Asia’s ricelands and, together with wheat and maize, the
new varieties now cover 24 million acres or ore-tenth of Asia’s grain land and its
best and most fertile tenth.

This has transformed—at a very fast pace and very unevenly—the situation in
many countries where economic growth has been dismally slow the past 20 yeaxs.
Since the initial impact is to make rich farmers richer and the poor and landless
poorer, the social and political changes of the wheat and rice revolution have
alrendy been far-reaching Tast January, class war struck Tanjore, in south
India’s rice bowl, which had done exceptionally well in raising riee yields With
more £0 share, landless tenants began fighting landlords for higher wages

Some FAQ economists helieve the new seeds figured significantly in the fall of
Pakistani Prestdent Ayul Khan, West Pikistan has been spectacularly successiul
with both the new rice and wheat on its largely irrigated lands. Steamy East
Pakistan goes G0 perceni under water during the monsoon sedson and the new
short-strawed rice went under too. With Iiast Pakistan’s economic siagnation
mere apparent than ever, gangs roamed, killing and looting, the administration
virtnally collapsed and some prosperous farmers who had done well with the new
seeds Wwere condemned by “people’s colirts” on the old Chinese pattern, Until the
army restored ordetr, leftist Bengali parties wete calling for 4 mdss uptising and
seignre of lands. 1T heard serious talk from bofl Indisng and Pakistanis at the
FAO of the possibility that Pakistan's growing economic disparity might lead to
a breakoff of Tast Pakistan and its formation~with India’s West Bengal of 4 new
independent, leftist and pdssibly nuhgovernable republic.

One gets the feeling of living ingide a kaleidoscope that hag just been given a
tremendous shike. When the familiar pattérn of things is s0 suddenly changed,
I suppose it {s & common experience not to hé able to see any patiern at all for a
moment or two afterwards But at the FAO, under the aegis of A. T. Boerma, o
jolly, energetic Dutchman who suecceeded Seu twwo years ago, the stocktaking is
under way; it is felt patterns are beginning fo emerge and that they are not all
that discouraging af that Boerma, o Keynesian agricultilra‘l economist. sees the
basic cause of the world food problem as poverty and—shades off Daniel P,
Moynihan—helieves a “jobs and income” strategy will be necessary to solve it

He describes the main ¢bstacle ahead in the wheat and rice revolution as the
laclkk of cash in the pockets of large unemployed masses of the world’s people, a
lack which translates itself into little effective demand or the markets that would
motivate peasant farmers to grow more. “If is an almost perfect vicions circle,”
he says, “aggravated by a rapid growth in population, whieh means yet more
recruits for the legions of the unemployed.” The solution he prescribes is *to
increase the purchasing power of the immpoverished masses, which means increas-
ing fheir incoines and giving them productive work. The first priority, if we are
going to golve the hunger problem, is to increase the number of wage earners ¥

Dr. Boerma feels this problem is further compounded by a simultaneous and
growing demand by small, newly wealithy minorities in the poor countries for
much better food, especially meat, which far outruns production, forces prices
upward apd puts many protein feods out of the reach of the malnourished masses
who really need them.

When Boerma first tock over TAQ, the Bcoromist slyly commented that the
world food situation seemed to have changed zlong with the FAQ's director
general, This was befere the full, impact of the agriculiural revolution hit
TWestern public opiniod early last yenr, Since then Boerma haw undertaken the
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first major reorganization in FAQ’s 25 years, trying to replace dead wood with
sreen and get its vast bureaucracy—2,500 staffers in Rome, another 2,000
administering a $100-million-a-year aid program in the field—to help him rethinic
the food problem.

To bring things into focus, Boerma hag the FAQ concentrating its energies in
five areas : development of the pew wheat and rice varieties, reduction of wastoge
of foods after harvesting (about 10 percent is mow lost), an attack on profein
deficiency, making fuller use of rural manpower and promoting sgricultural
projects that increase foreign exchange earnings.

He also seeks a broader multiple approach to agriculfure in mosf. poor coun-
tries, with heavier iertilizer investment, more pesticides and irrigation, trans-
port, distribution and storage faecilities, move credit and extension services,
improved trade and price policies and what he calls a “selective expansion” of
farm oufput closely tied to internal and international demand. it takes the
whole package, he feels, to make the agricultural revolution work in any given
couniry.

These ideas are all set forth in the FAQ's massive new Indicativre World Plan
(IWP), which after six years of detailed surveys and compilation, will be
presented to the FAO’s member nations here in early November and delivared
in final form to the second World Food Conference at the Hague next June. The
IWP, which aims to “indicate” to poor countries what they should do, is timed
to coineide this winter with publication of Sir Robert Fackson’s current study
on whether the United Nations shouid take over development as o super multi-
igteral aid agency, the World Bank’s study of aid by the Pearson commission
and preparations for the world’s first international conference on the “resources
of the biogphere,” coming up the year after next.

There all this is leading is to 2 search for an answer to the question Walter
Lippmann phrased in his 80tk birthday warning that “the number of people who
steed to be governed and are involved in governing threatens to ewceed man's
capacity t0 govern.” In Tippmann’s words: “This furious multiplication of the
masses of mankind coincides with the ever-more-imminent threat that, because
we are so nngoverned, we are polluting and destroying the environment in which
the human race must live. . . . The supreme guestion. before mankind—to which
I shall not live to know the answer—is how men will he able to make themselves
willing and able to save themselves.”

The IWP, which runs thousands of pages in three volumes the size of Man-
hattan phone hooks, ends up with much the same conelusion: “A continuation
or acceleration of populaiion growth could well prove Malthus to be right in
terms of social turmoil If nof immediately in terms of famine or disease.”

The problem it starkly sets forth is that if present birthrates of 2.6 percent
a year continue in the poor countries until 1585 and economic growth stays at
the roughly 2.7 percent present level, food supplies would have to rise 80
percent just to avert famine. It would cost the poor conniries in 1985 $26
billion anmoally to import the food they will need, a clear impossibility since
they can harely scrape up $3 billion a year for food imports now. Grain exports
to Afro-Asia would@ have to rise to 90 million tons or alternatively 250 million
acres would have to be diverted to wheat and rice from other crops and live-
stoek, While Afro-Asia’s cities wounld grow astronomically, 400 million of the
extra 1 billion by 1985 would still-be left in an inereasingly destitute countryside.

FAO’s plan to avoid this bleak future, as the IWP simply puts it, is “to make two
blades of zrass grow where only one grew before” through fully harnessing the
technological revolution to achieve annual growth rates gradually rising from
3.3 percent to 39 percent. The price tag for the whole 15 years of the plan—
fasten your seat belt—is estimated af $110 billion of which $7 billion a year by
1985 would be reqgunired in foreign exchange from the developed countries,

This is somewhat lower than an 85 to $10 billion a year given me by Briiish
economist Barbara Ward some months ago. Miss Ward told me she felt the
TWestern nafions should sfart planning new for a development budszet for the
1970s. “Their total GNP will grow by-at least $60 billion each year. That means
they will add $600 bhillion to their ouiput by the end of the decade at the
very minimum. Foreign ald has simply got fo go up to the $8 fo $10 billion a
year ecless if we want to do it in time,”

The TWHSs budget is hased on tbe estimate that yearly spending on agricul-
ture in +he poor countries must be tripled by 1985; of the money, 12 percent
would go for irrigation, 35 percent for equipment and machines (40 percent
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imported from the West), 16 percent for livestoek and. buildings, 4 pereent fox
fishing and 3 percent for forestry. With this input, the FAO ‘experts believe
wheat and rice production could achieve needed levels by 1980, allowing diversifi-
cation -and intensified: land use, both to meet production objectives and assist
1 creéating jobs. It Droposes meeting, short-term protein needs through vastly
expanded pork and chicken programs and long-term mneeds through high-
yvielding pulses and soybeans and much more widesprend -caitle-breeding,
including a shift of all sub-Sahara Afriea out of crops and into eatile ranches.

Foreign aid, while seen inereasing, is also predicted to change, with grain
supplies shipping to high-protein foods and milk, and the major need Licoming
farm machinery, fertilizer and seed processing piant.

MThe TWP also makes a plea for 2 single, international aid-coordinating agency
to set poals, prevent duplication, adminigter technical and finaneial assistance
and wark out integrated policies for production, trade and aid. On g shori-term
basis, Boerma, like .the World. Bankls Robert MeNamara, has taken steps to
involve FAQ in both more integrated eountry analysis on all aspects of the
econowy, not simply agriculture, and in ¢loser coordination of its activities with
those of other international sgencies; he has just established new departmenis
for closer relations with the World Bank and with private industry.

Largely international administration ofaid, in FAOQ's view, is desirable because
of the growing need for a global approach to unemployment, disparities between
areas. of high and low agricultural potential (like Africa), the heavy economie
dependence of many ex-colonial countries such as Cuba or Mauritins on a few
export crops of declining value (only timber and beef are seen having a growing
market in the West), and to avoid such further pollution of the environment
as deforestation or misnse of river headwaters., .

Although the IWP, is a strictly technical document, the economists who wrote
it found it impossible to come up with realistic foture projections on agriculture
without taking social and political implieations into eonsideration. For instance,
there seemed to be a consensus ameng FAC’s policy planners that hoth Western
and Combimnist ideologies have been somewhat overtalien by the agriculiural
revolution. The general feeling seemed to be that the allegiance of the poor
countries is Hkely to 'go to wheoever ean devise a system that allows the fastest
economic growth and that both-the West and Communist bloc are starting ount
with majorhandicaps. ! - . .

The West, it was said, is saddled with-havihg left behind in its former colonies
a ruling pdolitical and infeliectual elite educated 'to preserve coloninl interests
xather than spark the entreprencurial spirit ambong its peasant masses on which
sueceess in the agricultural revolution depends. The Western-educated elite, which
st controls most of the evil administrations and universities in the poor
countries, has proved to be very comservative and has nob responded very
imaginatively to technoiogical breakthroughs, )

This would seein toprovide an opening to-the Communists, but the FAO officials
Teel they too have been handieapped- by o lack of faith in the transfer of
fechnology withoul the kind of radical secial revolution, agrarian reform and
restructuring of a society that would make it virtually impossible fo harness
the new seeds and methods of cultivation. Russia itself hag been foxced to play
only a marginal role because of its own comparatively backward agricultural
technology and its rigidity in-irying to transfer its own experience of moving
directly into rapid industrialization without first putting food production on
a sound basis. .

Chiny is another story, The FAO experts feel that should Peking ever offer
the Chinese peasantry the mnaterial incentives-that until now have been anathema
to orthodox Mooism, the mew seeds would have even more spectoeular sucecess
in Ching’s great northern wheat belt than in I'ndia and West Pakistan. One
predicted China could easily-have a surplus of millions of tons of wheat to gump
on the world market even -after feeding her 750 miliion. Unti! this happens it
ia felt the kev development in the Communist world is what conclusions are
drawn when the new 2.5 million acre irrigation' project along the Danube in
Hastern flurope is soon planted in the new wheat-varieties.

Virtually very FAO official I interviewed believes some form of social-vevolition
will follow the -agricultural revolution in ail too many of the poor countries.
Since the new seeds tend to raise a peasant family’s fncome 20 to 30 percent.
the newly emergent commercial farming class is likely to be conservative and
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provide a basge for stable government—providing it includes a big enough minority
of the population {as it clearly does nof in Iiast Bengal). 7

The toughest policy question faced by FAQ:--has beern wheiller to advise
governments to steam right ahead to reach nationzl production gonls as fasl:_ as
possible by helping rich farmers or reduce the risk-of violent revolution by trying
to spread oufb its investment among sthe mdsses of peasants, The DOEICSZ that
has been adopted is to urge countries to make national food goals their top
priority. even if it means dangerously accentuating social inequalities. The
reasgon is obvions : mankind has no time to £ool around and worry about political
nicetias.

Ag one official said, “Ye are suddenly faced with o gituntion in wlich two-thivds
of the world’s peasants are beginning to become involved in a market eeonomy
after centuries of subsistence farming and marginal cash incomes. The peasants
are responding to incentives much more overwhelmingly than anyone foresatw.
Phe revolutfion is coming 0 fast and is so unprecedented many governments are
having to make successive. difficult adjustments 1n & very short period of time.
It is hard for them Dbecause their best people are not in agriculture, they lack
money and, most critieal, many are lacking in imagination. They do not fully
recognize the seeds of change ™ )

AGRICULTURE INJOVATION AND ITS IMPLICATIONS FOR IDOMESTIC POLITICAL
et PATTEENS IN SOUTHEAST ASTA -

(By Vu. Van Thai)

(This paper was presented for discusgsion at @ meeling -of the Seulliesst Asic
Development Adwsary Group (SHADAG), held at Asie Howuse, New York-City,
on June 2427, 1869. It is reprinted here throngh the courtesy of the Hon, Kenneth
T. Younqg. cheirmaw of SEADAG and president of the Adsia Society.)

Only three or four years ago a paper on agricultural innovation in .Southepst
Agia and its implications for domestic politieal patterns would have been talien
as a piece«wof utter wighful -thinkwmg. Innovation in the field of agriculture has
generally been slow to come about the world over. The process which historians
describe as “The Agricultural Revelution™ in Itarope, i.e., the -introdaction of
root crops and clover, was in fact very slow, taking about thiee hundred vears
to complete ; the.early belief that this was a kindrof “great leap forward” which
was achieved within some thirvty years in the beginning of the nineteenth century-
hats by 110w been dispelled.? . -

Ag far.as the developing world, and particularly Southeast Asia, is coneerned,
the two decades spanning the years from the end of World War IX.through 1966
were characterized by an pimost generalized lack of progress.and of innovation.
in the field of agriculture. In Agia since World War IT agricultural output per
capita has remained below the pre-war level. Food output per eapita in Asin
returned in 1959-60 and 1962—63 to the pre-war level. due largely tosthe expansion
of cultivated areas. but then fell below it as it became more difficult to bring-mote
new land under ecultivation.” Many observers of the developing world predicted
at that time that, in the face of aceelerating population growth. lagging food
prodnction, and increasing dependence cn food aid—while expectations were

_ rising—wounld canse the Third World to experience serions political instability.

______

The prevailing pessimism counld be illustrated by the following quotation :
If present trends of pepulation growth and food production continue. in
the early 1970°s India, Pakistan, and Communist China will-be candidates

for massive famine.? .

Thus, had it been writter three years ago, my paper should hatve been -entitled
“Agricultural Stagnation and jts Political-Tmplicationg™ ™ -
Now .extreme-pessimism has quickly given place to o genergl trend towards
optimisin bordering sometimes on over-enthusiasm, as people are talking more
and more of the “Green Revolution” or of “a new agricnltural era” in the

tropical world Lesfer R. Brown, the administrator of International Agricultural

1 Jee e Kerridge, The Agrieuitural Revolution, Loodon 1967, and B. H. Sliecher Van
Bath, The Loranian Higlaory of Western Furope 4 D, 500—1864, London 1363,

*RAQ, Phe Staie of Food'and Agriouiture, Roma 1965, Asid is here used as equivalent to
ihe TAQ classification “Far Tast” le., Asle excluding Malnland China and the ALddie
Bast countnia’sr Brief

3 Foreign Policy Briefs by Office of Aledia Service, Burean of Public Affairs, Washington
D.¢., Vol. XVI, No. 15, January 6, 1967, p. 6. ) !
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Development Service, T.8. Department of Agricnlture, describes thls new era in
these terms:

“The new era is characterized by explosive increases in production of prmclpal
crops In the larger developing countries of Asia. The 1968 Pakistan wheat harvest
was up 37 per cent over the previous record, possibly an inerease without prece-
denft in any major country. India’s wheat ¢rop this year was up 35 per cenb over
the previous record; ibs total food grain bharvest up 12 per cent. Ceylon’s rice crop
has increased 34 per cent during the past two years. The Philippines with-fwo
eonsecntive dramatic gains in its rice cerop, has apparenfly ended half a centory
of dependence on rice imports. . . . Increases in per acre wheat yields in Paki-
stan and Imdia and of rice yields in the Philippines over 'the past fiwo years may
exceed those of the preceding several decades.

“Thuy far the most rapid advances have been concentrated in Asig, a region
containing mere than half of the world*s people. But countries elsewhere-—ifexico
in Latin America and Kenya and the Ivory Coast in Afriea—are also enjoying
the fruits of modern technology, Within the next several yearg the agrienltural
revelution will likely spread to most of the less developed world.

*The new era is dynamic, providing new opportunities for farm families, prom-
ising to bring into the market place literally hundreds of millions who heretofora
have eked out a subsistence living, consuming all they produce. This will broaden
the market within individual developing countries, greatly enhfncing the pros-
pect for industrial development ” *

But as heopes and expectaiions are rising therve is also a mounting awareness of
the long range problems which are cropping tp as a result of this breakthroungh,
In o recent article Clifton R. Wharton, Jr. has very well set the question “The
Giresn Revolution : Cornueopia or Pandora’s Box?’ * He writes in his introduction :

“Thre application of science and technology to traditional agriculture has begun
to produce dramaticiresulis, above all in Asia, The rapid expansion of certain
food grains in the developing world is being parficularly widely heralded, and
justly so, a8 the ‘Green Revohition’. On the one hand, some observers now he-
lieve that the race befween food and population is over, fhat the new agricultural
terhnology constitufes a cornucopia for the developing world, and that victory
is in sizght iu the “War on Hunger’. Others see this development as opening a
Pandora’s hox; its very success will produce a number of new problems which
are far more subfle and difficult than those faced during the development of the
new technology ¥

Amtong the problems that Dr. Wharton has identified and enumeraied, the most
imperfant in wmy view is: “What arve the political cousequences of the green
revolution

Will rapi@ agricultural innovation in Sontheast Asia bring about political
stability or instability? Who, as between Karl Marx and de Tocqueville, wrill be
right in this ecase? Is revolution the result of growing poverty or growing pros-
perity? Will those optimists who hold that economie progress will result in
greater satisfaction and increased politienl stability be right in this cihse or will
the “Green Revolution” prove right those who contend that peasants revolt where
they are hetter off ?

Recent events in Pakistan are a reminder that econcmic progiess as repre-
sented by a high rate of growth without parallel pelitical development mighi not
lead to political stability. In parficular, it might be interesting to observe how
mueh the “Green Revolution’ in Bast Palkistan has been correlated with the
demands of Iliast Pakistan for a greater say in the administration of its own
affairs.

Has the change in attitudes brought about by the *Green Revolution” mede
farmers more respousive to the nationalist wave in East Pakistan? Hag the fact
that the development of the high yielding varieties in East Pakistan Iaggzed behind
that of the West played any role in arcusing popular discontent? Hove spemﬁc
shortcomings in the implementation of the program, such as deficiencies in pro-
viding the inputs at the right time and at the right place, or failures in storage,
processing, and marketing been among the causes of diseontent? In Europe, al-
though as:[ have pointed out the agricultural revolution did effectively last three
centuries, progress in the peasants’ standard of living, comhbined with the changes

4« Lester R Brown, 4 ¥ew Era in World dgriculfure, presented at the first annnal Senafor

gran'l‘; Carlson Symposium on Warld Population and fFood Supply, Kansas State University,
ec, 3,

5Chfton R. Wharton, .. “The Green Revolution ; Cornucopia or Pandora’s Box?”, For-
eign A ffairs, Vol. 47, No. 3, April, 1969.

35-012—70—13



190

in agrarian structure, did play a role in the spread of the revolutionary wave to
modernizing rura) areas.® :

More recently again discontent and turmoil, in rural areas of France, were
most pronounced in Brittany, where the past decade has brought about & rapid
change from a-structure of traditiconal farming to a structuie of industrial farm-
ing with significant increase in land and labor productivity.

Reviewing theories of revolution, Lawrence Stone writes

“I'undamental to all analyses, whether by historians like Brinton and Gott-
schall or by political seientists like Johnson aud Eeckstein. is the recognition of a
lack of harmony between the social system on the one hand and the political
system on the other . .. the dysfunction is the result of some new and develop-
ing process, as a result of -which certain social subsystems find themselves in a
condition of relative deprivation. Rapid economie growth, imperial conguest, new
metaphysical beliefs, and important technologieal changes are the four com-
monest factors involved, in that order. If the process of change is sufficient]y
slow and sufficiently moderate, the dysfunction may not rise to dangerous levels
+ « » - But if the change is both rapid and profound, it may cause the sense of dep-
rivation, alienalion, anomie to spread iufo many sectors of society at once,
causing what Johnson calls multiple dysfunction, which may be all but ineurable
within tho existing political system.* 7

One must adwit that the “Green Revolution” involves the first and the fourth
criteria as ranked by Stome and that the change might be expected to be rela-
tively rapid (atleast during the initial phase) and ratber profound.

More specifically having in mind the developing countfries two economists
Arthur Lewis and M. Olson® have pointed out that pre-industrial and industrial
societies are relatively stable and relatively free from revolutionary disturbances,
while in transitional societies modernization couses instgbility by shifting the
relative importance and status of the various classes, thus generating social
siresses.

While they implied mainly g process of modernization through industrialization
it is interesting to determine what changes in status and in the basic inferest
of different classes the “Green Revolution” is likely to bring about, and what kind
of stresses would result from these chonges In the various Asian soclefies.

As a preliminary, I would stress, among the features of the “Green Revolution®,
its rapid rate of adoption by the farmers. Wherever a program of intreduction
of the high yielding varieties has been launched in suitable eeological condi-
tions, ity development has ‘been more rapid than the most opfimistic initinl

expectation.
The rate of expansion is indeed explosive as illustrated by the following tahle:

Hstimated acreage in high yielding varictics in Agig ®

Acres
1564-65 —_ - 200
1965-86 - 37, GO0
1866-67 _— - -- 4, 800, 000
198768 _____ - 20, 000, 000
1968-869 (goals) _— - 34, 000, 000

Although T do not undarestimate the effocts of the vigorous campaigns launched
by the different Asian governments, these are not in my view sufiicient to explain
the difference in overall behavior of the farmers in this case, when compared
with previous unsuccessful attempts to bring abont innovation in cuitivation
technigues.

 See Alexis de Tocgueville, I7Aneien Regime, Oxford 1947, and Crane Brinion, The

Anaiomy of-Bevolution, New York 1985,

19.:;an1.1&{§]§& Stone, “Theories of Revolution', World Poltiics,. Vol. XVII, No. 2, Jannary
. D .

W, Axthur Lewls, Conference Acrags A Oonérent, Toronto 15963, pp. 46-80, and ML
Olson, “Rapid Growth as & Destabilizing Force”, Journal of Economic H 8tory, Yol. XXTIT,
December 1963, pp. 529-552,

Dana G. Dairymple, “Estimated Aren of High Yielding Varleties of Grains in Ten Asian
§gtienung“, %%egnnhonal Agricultural Development Service, G,S. Department of Agriculture,

vember R
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In my opinion, the success in the rapid expansion of the high yielding varieties
shows that the traditional view aitributing a stagnant agriculbure in developing
countries tothe main following reasons’

1. the “absorption eapacity” of the farmers is low;

2. thefarmers are tradition-bound ;

3. and the farmers are illiterate and subject 0 culfural. and institutional

restraints, ete?

has to be revised. Restraints of this type do exist and have a retarding influence
but their effeci has been everestimated. The main reasons for a stagnani agri-
culture in the past must now be attributed to the fact that there was no new,
technology available providing investment possibilities with high refurns £ the
farmers. We tended to forzet that in rural areas of Asia the existing prevziling
rate of interest is usurious, more often than not exceeding 100%. The very favor-
able response to the new high yielding varieties can be explained only by the
fact that these varieties are highly responsive to all factors of production, thus
allowing new inputs fo yield high returns in the order of doubling or tripling the
productivity per aere.

That we have in the past underestimated the rationality of peasant behavior
is furiber corroborated by inferviews on the motivation of the £armers for the
adoption of the new technology. Examples would be the surveys conducted by
IRRI among TFilipino farmers, ag indicated in*Tables 1 and 4.

Those results shew that the change t6 the new technology wasdfor the most part
a deliberate well thoughi out decigion based on sound observation of ifs many
shortcomings and its few but essential advantages, External inducement (besides
priee incentives) played a negligible role. Every indieation points out that those
so called “unabsorbative, txadition-bound and filiferate™ farmers are more eco-
nomic gnd business-minded than most of their sophisticated gbgervers swould have
thought a few years ago. It would-be surprising that fhis awakening of economnic
consciousness wonld not extend progressively (or rather quickly) inic a soclal
and political awareness,

In my view tle emergence of .o political force in fhe rural areas undergoing
the “Green Revolution™ is all but ipeluctable. The questions are only whether the
political institvtions of the couniry will evolve fast enough to allow for the
peaceful emergence of this force into the national political fabric, angd whether,
gdvernments would be able to design and implement policies which would solve
or at least keep under control the problems genernted by the unfolding of the
“Green Revolution”. Those problems as enumernted by Clifton Wharton are
indeed formidable. Among them I will comment only on those with important
political implications and particularly on the gaps-which are likely fo develop and
grow in the social structure of a country, thus generating greater social {ensions.

RESULTS OF SURVEYS CONDUCTED BY IRRI AMOMG FILIPINO FARMERS
TABLE 1.—REASONS GIYEM FOR THE ADOPTION OF IMPRGVED VARIETIES OF RICE, LAGUNA, PHILIPPINES, 1967

WET SEASON
_ Nomber of farmers
Number of farmets indicating the single
2iving the reasons most imporlant factor
a. Expecled hiph ¥ield oo e e e e emmee e mmmmcme———m——— 105 87
b. Landlord's deetsion oo e 55 6
¢. Follow advice of extension worker 68 0
d, Expecled high price————....... 4l 1
e, Fellow advice of neghbor o aaooiiacem Al i)
A 032 S 2t &
Total.__. ——— e e £ S o e 110
Total number of ad0perS e e e e mmem e memre—— S r—rmmrmsmm Ao ———ememamEeaee e 110
Total nuriber of respondiig ee e o cecrmececececmm e 110

0 Indus Specinl Study, “Programme for the Development of Irrigation and Apgriculture
in West Paklstan”, May 1866 by Sir Alexander &Gibb and Partners, International Lang
Development Consuliants, N.V. Huntng Technical Services Limited, London and Arnhem,
Bﬂ“Agrieultural Economies”, Research Programme Qutiline, a publicatlon of IRRI, T.os

anos,
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TABLE 4,—RELATIVE ADYANTAGES BETWEEN NEW VARIETIES YERSUSLOCAL YARIETIES AS REPORTED BY 153
FARMERS, LAGUNA, PHILEPPINES, 1987 WET SEASON

Number of farmers reparting

Item Better Worse Same
PHES e e 3 148 2
Yoelde e 150 1
Eating qualy__ e - 4 144 5
Disease resislaNCeammman - oo T 22 119 12
B 151 2 0
Amount of weeding labor requirement_...0 . - o L T 77T 7 120 26

These gaps are going to be twofold: between rich and poor farmers within
areas where water control and existing facilitieg allow the growing of the high
Yielding varieties of rice, and between those areas and the other rural areas,
‘Wharton describes these very sharply:

‘From all this one may deduce that the “frst” or “early™ adopters of the new
technology will be in regions which are already more advanced, literate, respon-
sive-and progressive and which have better soil, better water management, closer
aceess to roads and markets—in sum, the wealthier, more modern farmers. For
them, it is easier to adopt the new higher<yield varieties since the financial risk
is less and they already have better managerial skills. When they do adopt them,
the doubling and trebling of yields mean g corresponding increase in their in-
comes. One indication of this is the large number of new private farm-mansge-
ment ¢onsultant firms in the Philippinres which are advising large landlords on
the use of the new seed varieties and making handsome profits out of their share
of the inereased output.

As a result of different rates in the diffusion of the new technology, the richer
farmers will become richer. In £act, it may be possible that the more progressive
farmerg will capture food markets previously served by the smaller semi-subsist-
ence producer. In India, only 20 percent of the total area planted to wheat in -~
1967-G8 consisted of the new dwarf wheats, but they contributed 34 percent of
the total production. Such a development conld svell lead to a net reduction in
the income of the smaller, poorer and less venturesome farmers, This raises mas-
sive problems of welfare and eguity. If only a small fraction of the rural popula-
tion moves into the modern century while the bulk remaing behind, or perhaps
even goes backward, the sifnation will be highly explosive. For example, Tanjore
district in Madras, India, has been one of the prize areag where the new high-
wvield varieties have been successfully promoted. Yet one day last December, 43
persons were killed in a clash there between the Iandlords and their landless
workers, who felt that they were not receiving their proper share of the incrensed
prosperity brought by the Green Revolution.™

To the consequences listed by Wharton, I would add that in areas where con-
ditions do not af present gllow the growing of the high yielding varieties, de-
mands for water control will grow stronger and stronger, and they will be made
more gnd more in the name of soecial justice. Whatever the gmount of resources
which could be devoted to these investments, one might foresee that the issue of
giving priority to developing one area over another will become inereasingly a
politically loaded matter.

There is also the danger that because of the spectacular payoif of the high
vielding varieties, progroms wonld be conceived exclusively from the point of
view of maximizing economic Tefurns £ £he neglect of social aspeets. Inmy view
thig will result In growth without.development which cannot but engender ten-
sions and- ingtability.

As food production grows and nears fhe level of self-spfficiency and that of
surplus, the problem of misery in the midst of plenty will become more and more
acute. Unless countries revise drastically their economic development strategies
and policies, to give first priority to the objective of creation of employment: and
unlexs they take measures to reduce income disparities and to further extend
inecomes to the poorer classes, many people will still go hungry or remain under-
fed. At the same time such couniries will have growing difficulties in exporting
limited amounts of surplus in view of the svorldwide spread of the “Green-Revo-

12 Oifton Wharton, Jzr., 0p. COit., pp. 467-8.
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lution”. Thus if internal demand is not enlarged, measures fo restrict preduction
will have to be adopted. Personally I think that the problem of produetion and
suppiy and that of effective demond and income cozld be matehed only if an
industrial revolution is soon to follow the “Green Revolution.” ’1‘1115, among
-gthers, implies that the indusirialized countries are willing to revise their pro-
tectwe policles to alloww for a redistribution of labor—intensifying activites
among the developing countries.

What will ‘be the impaet; of the “Green Revolution’” on the relationship hetween
landlords and tenants and on the problem of agrarian reform? As the hizh yield-
ing varieties increase the tenants’ income, one of the few uvseful functions of the
landlord, thut of crop financing, is going progressively to fdisappear, even though
initially, because of the cash requirements for the purchase of inputs, farmers
might have to rely more on the landlords for the first few years. Another occa-
sional function of the landlord, that of advisoer, will also become marginal as the
farmer acquires more technical and business know-how with the adoption of the
new fechnology. The revising of the share of-the erop, depending on. whether the
tenant or the landlord finances the cash inputs, cpnnot but increase tensions.
Finally, as returns increase and cultivation bectimes more profitable, there will be -
a tendenecy among landlords to recover for themselves at least part of their lands
for direct cultivation with mechanized equipment and/or hired Iabor.

Ag in most instances the rent is based on a fized percentage of the-crop, the
ahsolute price of the rent will inerease as yields inerease, and tenants will find
more and more that they are payingtoo much to their landlords.

Thus it is safe to assume that the “Green Revolution” is likely to inerease
tensions hefween landlords and fengnts on the other hand as refurns increase,
pressure on the part of tenants for greater agrarian reform will mount, while
vested interests to oppose it alse increase az ownership of land becomes more
profitable

Begides the tensions and mstablhty resulting from fhe process of moderniza-
tion diseussed above, I would like also to draw attention on the possible political
effect of the momentum of the “Green Revolution” itself. According to James C.
Davis* rapid economic growth produces stresses but so long ag the standard of
living is growing relatively fast enough fo keep pace with existing expectations,
socinl stresses are not likely to lead to disturbances. The moment of potential
revolution is renched when growth lags behind expectations, i.e., when a phase of
z1rovvth is tapering off and some stagnation or decline is talking place. Indeed, as
Whantonr has suggested, one might expeet that the spread of the new technology
will slow down after the initinl explosive take-off : first, once all existing irrigated
lands have been converted 0 the new variefies; and, secondly, when the easily
irrigable potential has been exhausted Another potential bottleneck likely to slow
down the rate of expansion is the capacity of supporting facilities in the field of
transport, processing and marketing.

Finally, wifh respect to economic growth and income, one might expect at some
stage that the inerease in produetivity will be offset by the decline in price or at
least in farmers’ return, and this mostly for two reasons: first, that production
might grow faster than-demand while export prospeets will dedline, thus depress-
ing prices; and, secondly, hecause governmeants will tend in the initial phase to
encourage production through a policy of favorable price of rice or of subsidy to
lower the loss of inputs. But, as the program becomes larger and larger, these
cannot be maintained indefinitely,

In fact, the problem goes deeper and we are facing 4 kind of vicious dilemma :
in order to keen demand up to the level of Increased agricultural production, a
government must either accelerate considerably the rate of growth of the economy
or else embark on large expenditures for welfare. To do éither of these, it
must mobilize more and more rescurces from the apgrieultural seector; by so do-
jng it is slowing down the rate of increase of farmers real income, thus triggering -
discontent.

All the above might appear overly pessimistic. Tt would have been far more
comfortable to discard all the obstacles abead with the simple notion that more
material wealth and more food is tantamount te econemic growth will resulf
inorderly social and political development. This wounld be, in my view, unrealistic
and dangerous. We had belier face clearly the obstacles ahead rTather than
adopting the position of the ostrich.

Does this mean that we have to slow down and keep the pace of the “‘Green
Revoelution” under [prndent control? I do not think so. First, even if we wanted

18 Tames C. Davis, “Tuwurds & Theory of Revoluilon”, American Seciological Review,
Yol XVII, Febtuary 1962,
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to. by now hopes and expectations aroused by the first spectacular results of
“Miracle Rice” are such that 1o political leader can'slow down today’s momentam
without risling serious trouble Second, both on moral grounds and by necegsity,
we have to win the race between food production and population increasge. And,
like Wharton, I believe that the “Green Revolution” will allow us only to earn
a Drief respite in this anguishing race, during which we will have to iearn to
curbh the world population explosion. Third, realistically we should expect
turmoil and instability fo stay with the Third VWorld, whether it is stagnant or
developing unti] it has accomplished the most essential parts of ifs process of
moedernization.
I disagree wifh the view that a 20th century pre-industrial soeiety, If ex-
posed to technology and submitted to the products and the policieg of industrinl-
ized societies, can be 2 stable society. The history of the Third World, all over
Asia, Africa ond Latin America, since the end of World War II, when there wasg
neither o ‘“Green” nor an “Industrial”’ Revolution, was rather formented Polit-
ical instability was the rule rather than the exception. My own conviction is
that political insbability resulting from innovation and modernization -will be
no greater than the one created by stagnation and frustration in the past.
But whatever the degres of turmoil ahead of us, it is in my view very imporiant
to observe fhat violence and instability in 2 situation of stagnafion are more
likely to result in a repression of the process of modernization of pelitical in-
stifufions; while when this happens as a result of rapid growth, the chances
are enhanced that the final result would be some progress in the modernization of
the political structure of the country.
In a sitwation of staghation and underdevelopment, when the attitudes of
broad categories of the population are still Inactive, & change of government
through the breaking of law and order could only result from the competition
Tor a greater share of Power bebween the small privileged classes: the military,
{fhe politiciansg, the bureauerats, the landlords, the merchants and the intellec-
fual elite. This kind of riolent competition leads only to the narrowing of the
control of Power info fewer categories of the above mentioned privileged classes
(in most instances, the military). Thus the end result is most likely to be an
accentuation of the feudal character of government. Whether good or bad this
change represents a regression in the process of political modernization. In a
faw instances; those of thie privileged clases frustrated by their elimination from
Power might attempt to appeal to the most discontenied elements of the destitute
masses ip order to launch a guerrilla warfare. This might bring about a long
process of endemic violence with a possible final phase of generalized guerrilla
warfare. Even if a more popularly based regime is to emerge in the final end
it is most likely to be ruthlegs and in my view this is also a regression in the
process of political maturation.
In confrast to the cases envisaged above, if violence is to erupt in a country
where the “Green Revolution” is taking place, whatever the initinl cause, it is
iikely to involve the larger groups which have been awakened by the “Green Revo-
lution”, or even the broader masses of those to whom the fruits of this techno-
logical advance have been denied. The end result of this kind of upheaval is
most Tikely to be eifher new politienl institutions allowing for greater participa-
tion of the awanlkened rural classes or else the emergence of enlightened leader-
ship with policies which will satisfy the aspirations of 'these groups.
The reasons why I believe that the degree of instability and violence brought
about by the “Green Revolution” might be limited is-that, as Stone points out:*
Revolution is never inevitable—or rather the ounly evidence of its inevi-
tability ig that it actually happens. Consequently the only way to prove this point
is to indulze in just the kind of hypothetical argument thai kistorians prudently
try to aveid. But it is siill just possible that modernization may take place in
* Moroceco and India without revolution. The modernization and indusfrialization
* of Germany and Brifain took place svithout-revelntiomn in the nineteenth century
(though- it can be argued that the laffer case wasg slow by twentieth-cenfury
staudards, and that, as is now becoming oll to apparent, the modernization was
far from complete). Some think that & peolentially revolutionary situation in
the United Stafes in the 1930's was avoided by polifical action.

Foribermore, as Bekstein ™ rightly stresses, in addition to the factors of rapid
social changes discussed above one must consider & second vitsl element of
great importance in the development of a revolutionary sifuation: that is, the

1 Lawrence Stone, Op, G, p 166.
15 Harry Hekstein, "II)nterli'aII} War” New York, 1964, and "On the Btiology of Internal
War.”
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condition and attitude of the entrenched elite. The elife may lose its manipula-
tive skill, or its military superiority, or its self-confidence; it may be incompe-
tent, or weak, or brutal. A combination of two or moxe of these features might
lead theelite to the fatal course of compounding its errors by intransigence. If
fhe ¢lite fails to anticipate the need for reform, if it blocks all peaceful, consti-
totionsl means of socinl adjustment, then it unites all the discontented ele-
ments into violent opposition. But i1f it rises 40 the challenge, violence might be
avoided. In fact in Asia, except for Japan, we have now the example of two
countries experiencing rapid economic growth witfh parallel modernization of
their rural areas: South Korea oind Nationalist China without being suhject to
political turmoil, at least up to this stage.

In Nationalist China the arbitrariness of the regime has been greafly reduced
by the emergence of a hew elite of technoerats whose ghare in policy formula-
tion has been increasing with economic success. Since their weight in the power
structure depends more on ftheir professional ability than on vested interests,
the ?tyle of the government has become more and more one of serviee fo the
Deople.

In IXorea the evolution was tiwofold : there were both the emergence of a group
of professional bhuresuerats and the development of political institutions allow-
ing for greater popular participation. It is significant that during the last presi-
dential election, President Park’s platform was focused mainly on the Economid
Development Plan. In boith eountries an effective agrarian reform program had
been undertaken.

In my opinion one of the best guarantees for a peaceful political development
would be the leaders' awareness of the polilical potential of the “Green Revolu-
tion” and their readiness to vide on the wave of thiz Revolution. I have found
for instanee that the fact that President Mareos made of the “Miracle Rice™ a
politieal issue on which he would stake his politieal forfune, has on one hand
given a strategic impefus to pudblic and private efforts to expand the new fech-
nology and tackle the problems arising from its development; on the other hand
thiz has enormously uplified the political status of the long-negiccied peasantry.

Reading Dr. Gelia, Castillo’s delicious aceount of “Miracle Rice” as. “produced”
by the Fibpine press®®, I have the impression that “Mivacle Rice’ has produced
nnother miracle, for never hag the pregs of any developing country devoted so
many of its columnsg with such pagsion to the problems and the lof of its rural
ropulation. May this be the first step in brideing the much publicized “gap” be-
tween the cities and the countryside.

I am myself confldent that most leaders with a progressive or an open-minded,
moderate athitude will rise to the challenge and the opportunities of the “Green
Revolution”. As for those too conservative to readjust to the pressures ‘of mod-
emization of the rural mieas, foo anfhoritarian to allow for the emergence of
a new elite more closely relnfed to the expectations of the masses, they will be
swept away by the wave of change.

Asgia capnob afford to miss the opporfunities of the “@reen Revolution™ to
modernize its political institutions and bring about broader pariicipation of its
rural population in the political process. Even if this is at the eost of vielence
erupting here and there. this will be a moderate price. After all the industrialized
couniries paid a bigh price of revolutions and wars for their process of political
modernization.

THE SEED-I'RETILIZER REVOLUTION ANWD LABOR HORCE ABSORPTION

B¥ Bruce ¥. Johnston and John Cownie

(Bruce Johnmston iz profesgor and economist, Food Researelh Institute, Stan-
ford University. Johm Cowmie, assistant professor of economics et the Federal
City College, waes a research associetle gt ihe Food Research Institule in 1967—
68. The authors wish fo ccknowledge the valuadle criticisme end sugpesiions
received from Walter Falcon, W. O. Jones, Peter Kilby, Hans Paliner, Scoit Pear-
son, Clark Reynolds, and Peter Linvner. The senior author's greatest debis, how-

10 Gelia Tagumpay Cnstlllo, * “Airacle Rice’ as ‘Produced’ by the Press” o paper prepared
for the Internntional Semivar on Communientions Media and National Development, Uni-
versity of the Philippines, Dilimnan, Quezon City Novenber 1963,
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ever, are to the lote Ghulam ehemmed whose unusually perceptive analyses
first directed Lis attentfion {oward West Pekistan's agriculture and fo B. O.
Clark, Il, his successor as head of the agrieulture division of ihe Pakistan
Ingtitute of Development Hconomics. This article originally appeared in The
American Economic Review, Volume LIX, No. 4:1, Sepfember, 1969.)

The high yielding varieties of rice and wheat that are currentiy having such a
dramatic impact on agrieultural output in a numhber of developing countries
undarseore the Importance of production function shifts as a key element in
strategies for agricultural development. Studies of the historical experience of
Japan and Taiwan in particular have sitressed the role of techniea] change in
enabling agriculture to make a sigpifieant eontribution to development. Tech-
nologieally induced increases in the productivity of the existing on-farm re-
sources of labox and land made possible growth in farm output at rafes that
greatly exceeded the associated increases in inputs [4] [18] [17] [24]. These
gains (in agricultural produectivity) were of decisive importance in meeting the
food requirements of expanding populations and in enlarging foreign exchange
eamings. They also made possible the simultaneouys growth of industry and
agriculture, with the mora rapid expansion of the nonfarm sectors leading to the
transformation of the overwhelmingly agrarian strueture of the economies.

Currently dhere is increasing awareness of the employment implications of °
alternative development strategies. The population explosion, increasingly con-
spicuous in the underdeveloped world since the 1950%s, is being followed by a labor
force explosion that will manifest itself fully by the 1970's. Economists coneerned
with the employment implications of a rapidly growing labor force in economies
already characterized by underemployment and unemployment have often recom-
mended wage subsidies to accelerate the growth of employment [18]. A prograin.
of wage subsidies cvm profit taxation poses diffienlt administrative problems,
however, and may have other disadvantages [30]. Furthermore. in many de-
veloping countries some G0 to 80 percent of the labor foree is still employed in
agriculture : and with rapid growth of the total 1abor force, the numbetr of work-
ers in agrieulfure will coniinue to increase-for decades and even the decline in.
the relative size of the agriculiural labor foree will be slow [15, pp. 267-75].
Therefore, the most important single factor influencing a developing country’s
ability to absorb a growing labor force into productive employment is the fype:
of sirategy pursued for developing its agrienltural seclor.

I. FHE SEED-FERTILIZER REVOLUTION

The Iabor-using, capital-saving type of approach to agriculiural development
pursued in Japan and Taiwan recommends itself because of its implieations for-
the growth of empleoyment opporfunities both in agrievlture and in the nonfarm
sector. Until recenily the possibility of pursuing similarly labor-intensive strate-
gles of agrienltural development in the contemporary underdeveloped countries
rested very much on an article of faith; it seemed reasonable to infer fhat the
cumulative progress in agricultural science and in research technioues in the
devreloped countries could generate technical innovations adapted to the physieal,
economiie, and socio-cultural conditions of other countries, That theoretical
possibility has now become a reality for the increasing number of less developed
conntries in which new high yielding, fertilizer-responsive varieHeg are heing:
introduoced, and where the use of chemical fertilizers is expanding rapidly.

West Palkistan in particular is in the midst of changes taking place at a truly
revolutionary pace. Beliveen 1965-66 and 1967-68, the area planted -to the Alexi-
can divarf varieties of wheat increased from 12 thousand acres to an estimated
25 to 3 million acres [6] [22]. The rate of spread for IR-8, the first of the
dwarf varieties of rice to be released by the International Rice Regearch Insti-
tufe in the Philippines, has-been-even more spéelacular. Since seed requirements
are nnusually small for rice, the harvest from but nine thousand acres planfed
to IR-8 in the stuminer of 1967 provided the sead in 1968 for close to 900 thousand
acres. more than 25 percent of the total riece acreage in West Pakistan 17 [T].

In the Indian Punjzb, the spread of high yielding wheat varieties and the rate
of inerease in ferfilizer use appears to have been about as rapid as in the Palris-
tani Punjab, and the new varieties are 2lso beginning to have 1 sigiifieant effect
on production in & number of other Asian and Middle Eastern countries. Simi-
larly, the new varleties of rice are already having 2 notable effect on production
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in the Philippines, Alalaysia, Indin, Indonesia, and trial plantings in Africa and
‘in Latin Amerien have shown great promisge.

In spite of the fact that these developments are so recent, it seems possible to
present some important conclusions, which, even two or three years ago, could
-only have heen advanced as optimistic hypotheses.

(1) The new dwarf varieties of rice and wheat developed for tropieal and
gub-tropical regions ¢an be expected to give & greater yield responge per pound
of fertilizer. Iiven more important, the “architecture’” of these shorf, stiff-
strawed varieties permits them to maintain highly favorable response ratios up.to
levels of fertilizer application three or four times as high as the level at which
traditional varieties begin to show a decrease in yield. Potential yield increnses
are of the order of 50 to 200 percent or mole if the infroduction of the dwarf
varieties is accompanied by higher levels of fertilizer application and certain
wther changes in farm practices.

Possibilities exist in a still wider range of agro-climatic econditions for similar
Field increases based on the introduction of high yieldirg varieties of maize,
which ranks next to rice and wheat as a dominant staple food To cife two
Afriean examples, notable resulis have already been achieved among smal-
heoldérs in Kenyz and Zambia. The immediate prospeckts for the other major
£rain crops are less promising, althongh India is achieving noteworthy results
with millet hybrids, and high yielding sorghum varieties have been developed
in 4 number of countries.

{2) The success of the geneficists and plant breeders in developing varieties.of
wheat and rice that are not sensitive to diffevences in day length, and which
have builtdin adaptability to a wide range of environmental condifions, has
greaily increased the possibility for international transfers of high yielding va-
rieties. This has reduced. the dime required for adaptive research and trials in
specific new localities. There is still a great need, however, to develop rice va-
rieties more resistant to diseasges and pests and better suited to the faste prefer-
ences of local rice consumers. For wheatf, the greatest need is for a continuing
hreeding program in each area to permit varietal changes as certain varieties
become vulnerable to the present or nesw taces of rust.

(3) Progress in fertilizer manufacturing techniques and in mining technologies
can be expected to enhance the profitability of new seed-fertilizer combinations.
Cost reductions and declining real prices have contributed importantly to the
enormous postwar increase in fertilizer production and consumption from 9.7
million nutrient tons in 1946—47 to 46.3 million tons in 1965-066 [32, pp. 134-35]
[28]. Further highly significant cost reductions and lorge imcreases in ferkilizer
production. that are now in prospect will have their major impact on the under-
developed countries where consumption is already beginning to show a rapid
increase—irom 2.3 to 6.7 million tons between 1955-56 and 1965-066. The prospec-
tive inereases in capacity and output are especially impertant for nitrogen; the
weapital cost of the large scale plants under construetion or recenfly completed
is nearly 50 percent less than for plants with “the old pre-1963 technology” [8,
pp. 6-7]. It is estimated that world productive capacify for nitrogen fertilizer
will increage by mora than 100 percent between 1966 and 1971, potash eapacity by
80 percent, and phosphate capacity by more than 50 percent.

1L TIE QUANTITATIVE IMPACT OF THE SEED-FERTILIZER REVOLUTION : WEST PAEISTAN
AS AX ILLUSTRATIVE CASE

The determinants of the level of erop production are so complex that a large
degree of uncertainty with respect to future ‘increases in output is inevitable.
Output depends mot only on the levels of resource use, but also on the ways in
which farmers use their managerial ability, knowledge, and technical skill in
response to the incentives that confront them. It is necessary to consider'at least
five variables in addition to the variety planted and the level of application of
chemical fertllizers and other current inputs:

(1) human labor, considering boih the stock represented by the farm labor
foree and the fow of labor-inputs;

{2} norhuman power inpufs,;

(3) the quantity and quality of land inputs as determined by the total culti-
vated area and the cropping 1ntensity ;

(4) water avallability, with attention to timing as well as quantity ; and

(5) farming practices.

The present authors and Bart Duff have made a preliminary attempt to gquan-
tify the potential impact of the new varieties on agricultural outpuf in West



198 .

Pakistan, using a simple physical projection model for wheat and-rice, the two
major food-graing in.this region of some 55 million.persons [51. The physical en-
vironment in the predominantly irrigated agricultuve of tlie Province provides
a relatively homogeneous and highly favorable environment for widespread in-
troduction of the new varieties of wheat and rice and for associated increases in
fertilizer consumption. Moreover, programs under way or definitely in prospect,
such as the Tarbela Dam and the continued expansion of tubewells, will result
in a substantial inerease in the supply of irrigation water during the Perspective
Plan period ending in 1985. Henee it is reasonable te assume that water will be
available to permit some jnerease in eropping intensity and the moderate inclredses
in application of irrigation water required to exploit high rates of fertilizer
application.

TABLE L—ALTERNATIVE PROJECTIONS OF GROSS GUTEUT OF FOOD GRAINS IN WEST PAKISTAN ¢

«  [Millions of long tons; rice figures are for clean rice|

A B
Low High
Year Wheat Rice Wheat Rice Vheat Rice
156465 e eem 4,2 L3 4,2 1.3 42 1.3
196970 e 6.1 20 7.1 2.3 1 2.3
197475, e e e m ——— 5.3 3.2 1.2 4,2 11.6 4.3
197980 . e cemaa 13.0 4.9 14.3 5.5 151 58
B85 e it 15.9 62 18,2 7.3 197 g

1 The underlying assumptions are discussed in 3],

The projection model was used fo estimate a set of alternative expansion paths
based on various assumptions with respect to the rate of gpread of the new varie-
ties, the rate of increase in use of fertilizers, and grain-fertilizer response eo-
effielents. The low and high expansion paths shown in Table 1 heading A arve,
respectively, moderately and bighly optimistic projections of the output increases
obtainable within the framework of a bulloek-powered agriculture, The high
projection takes n more optimistic view of the rate at which farmers will respond
to the availability of the new varieties, and it assumes a greater increage in the
area planted to wheat and rice. The latter feature is related to i mechanization
alternative that assumes a more rapid spread of improved bullock equipment
than the low situation and a moderately rapid (5 percent per year) increase in
the number of tractors employed. The B aliernative in Table 1 assumes that
rapid spread of the new varieties would be associated with very rapid iractor
mechanization, o 15 percent annual increase, or about the rate recommended to
the VWest Pakistan government in a recent report by a Ford Foundation c¢on-
sultant on mechanization [11].

All of the aliernatives are related to the assumption that the farm labor force
will increase by about 42 percent betiveen 1968 and 1985 Thig estimate is based
on a projection of population growth by age group, the 1961 labor force partieci-
pation rate, and the optimistic assumption that nonfarm employment will con-
tinne to expand at the 4.5 percent rate registered between 1951 and 1961 [2, p. 71]
[3, p 393]. Previous historical experience and recent developments in West
Pakistan suggest that an increase in multiple cropping may lead to an increase
in farm labor inpuis that is considerably greater than the increase in the farm
labor foree. In Taiwan, for example, an increase in cropping intensity, made pos-
sible by incrensed availability of controlled- water supplies, led to & sizable in-

_¢rease in farm- labor inpuis Pedause of an increase in the average number of
working days per member of the farm labor force [17, pp. 93, 991.° Ghulam Mo-
hammad’s survey of tubewell and nontubewell farmers in West Pakistan indi-
cated that the increase in eropping intensity among tfubewell farmers was associ-

1 Given the rapid growth of the total lazbor force that is in prospect and agrieulture's
Initial share in the toial, the actual lnerease may well be Iarger. I'or a discussion of the
evidence that suggests that 4.5 percent represenis o “high” rate of growth of nenfarm
employment and of the rationale for estimating the change in the farm labor force as a
“residual,” see {15, pp. 267-75]. . .

2 Although conditions in Taiwan were nof idenfical to those in West Pakistan, it 1s per-
tinent that the notable Increase in multiple cropplng in Taiwan was achieved medinly wath
the use of Improved buliock-drawn implements. Even now power tillers are used on only
ahout 15 percent of the enitivated aren [12].
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ated with n substantial increase in the rate of utilization of the existing farm
labor force and bullock power [19]. .

‘The assumed increases in areaz planted to wheat and rice for the low alternative
In Table 1 heading A are only about half as large as under the B expansion path.
The moderate increase in cropped area under the low path should be feasible,
provided that improved bullock-drawn eguipment and other inexpensive iterns
such as simple rotary threshers supplement the expected inerease in the number
of farm workers and increased rates of utilization of the labor foree and bullock
power. Rapid tractor mechgnizafion as under the B3 alternative would obviously
permit more rapid expansion of multiple cropping (provided that water avail-
ability 1s not the limiting factor}.

Despite their limitations, the present projections are believed to give plausible
indications of the potential capacity of West Pakistan to expand output of wheat
and rice Whether such expansion will be desirable is a erucial question that
is not answered by our physical projection model. There can be no doubt about
the profitability of greatly increased applications of chemieal fertilizerg unless
there is a marked deterioration in grain/fertilizer priece ratios. However, no
attempt has been made to assess the infinence of future demand on the prices
of wheat, rice, and competing crops, or to consider other factors influencing
relative profitability. It iy noted later that export {demand conditions will be
critical in determining the economic feasibility of the projected increases in
output and in dictating the cheice of appropriate agriculiural development poli-
cies in TWesfh Pakistan,

I1I. POLICY IMPLICATIONS OF THE SEED-FERTILIZER REVOLUTION

The drastic change in production possibilities resuiting from the new seed-
Tertilizer combinations has led to confradictory conclusions with respeet fo its
policy implieations. In particular, it has encouraged sharply divergent views con-
cerning the choice between an agrienltural development strategy that emphasizes
in¢reasing productivity within the framework of the existing small-seale agri-
culfure, and an approach that would give special encouragement fo large scale
mmts and an early shift from animal draft power to tractor mechanization,

It is argued heie that the existence of yield-inereasing innovations which are-
nentral to scale and consistent with the existing systems of small seale agricuiture-
increases the advantages of the labor-intensive, capital-saving alternative. The-
essence of this approach (characterized elsewhere as the “Japanese model” ifx
contrast to the “iexican model” to be discussed shortly) is agricultural develop-
ment which preserves a unimodal distribution of farm sizes [15]. Wield-in-
creasing innovations and expanded use of fertilizer and other ¢urrent inputs are
diffused widely through the agricultural sector, although there will naturally be
variations in the pace and efficiency of implementation associated with differ-
ences among farmers in their competence and resonrces In general, there seems
to be a growing recognition of the relevance of this type of approach to develop-
ing countries not only in Asia but in parts of Afriea and Latin America as well?

Others, however, have drawn very different econclusions from the imitinl suc-
cesses of the seed-fertilizer revolution In their view, the introduetion of improved
varjeties should be accompanied by the rapid expansion of mechanization and
the replacement of animal draft power by tractors and tractor-dravn equip-
ment. In West Palkistan, for example, many agricultural leaders and development
economists are declaring that “the bullock is obsolete.” Although it is cbviously
not admitted, preseribing all-out tracfor mechanization under these conditions
is equivalent to advocating development according to the “Mexican model”
ie, a farm economy characterized by a dual-size struclure with increases in
output and commercial sales concentrated in a small subsector of large seale,
capital-intensive farm operators.

Buch views tale on considerable importance because there is a strong likeli-
hood that the seed-fertilizer revolulion will give an impetus to premature tractor
.mec_hamzanan, The rapid initial increase in eash income, especially in Pakistan,
India, and other countries where rapid import substitution is taking nlace, in-
creages the ability and the incentive to invest in sueh equipment. In economies

31o a paper that is of cousidernble interest because of its perceptive _&nafya[s of the
importenee of training programs nnd development of the managerial skills of farmers, Jon
Moris notes that .the agrieultural strategy that “. | . appenrs to be fhe cmerging type in
Bast Afriea . . . Is the pattern which Japan followed higtorically™ [20, p. 3231.
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jn swhich little structural transformation has oeeurred and thé absolute size of
the farm labor force is increasing rapidly, investment in traetor mechanization
is likely to be uneconomic from society’s point of view even though it is profit-
able to the large farm operators Their saving in labor costs as determined by
market wage rates is likely to be considerably higher thon the marginal produe-
tivity of the labor that is displaced. The soecial costs of exncerbating problems
of underemployment and unemployment d¢ not enter into ftheir assessment
of costs and returns. Moreover, this general tendency for the private marginal
productivity of investment in labor-displacing mechanization to exceed the
Social marginal productivity is frequently strengthened by policies that distort
the prices of produetive inputs and accentuate the discrepancy between private
and socigl returns. In 4 number of countries, a sharply differentiated tariff strue-
ture with Iow or zero import duties on tractors, often associated with overvalued
exchange rates and programs of subsidized government credit, alfers relative
factor prices and encourages tracfor mechanization,

Fixplicit attention to the inferdependencies between the farmn and nonfarm
sectors of a developing sconomy is especially important in throwing light on the
complex but critical problem ¢f determining efficient sequences in the moderniza-
tion of agriculture. Three aspects of these interrelationships merit particular
attention: (1) the size and rates of growth of population and labor foree in
agriculture and the rest of the economy; (2) the interdependence between farm
cash income and the use of purchased inputs; and (3) the impoet on overall
economic growth of alternative strategies for agricultural development.

(1) Interrelations between growth of population and labor force and agricuitural
development strategy

The contrast betaveen Hast-and West Pakistan in the extent t0 which structural
change hns led to n deeline in agriculture’s share of the total 1labor force, more
or less brackets the prospects facing many of the developing countries. In West
Pakistan, phenemenally rapid expansion of non-agricultural investment and out-
put between 1951 and 1961 was associated with rapid growih in nonfarm em-
ployment, and the share of agriculture in the total labor foree declined from 65
to 59 percent I3, p. 385]. Nonfarm employment increased at a rate of about 45
percent per annum, a rate which, in the post World War II period, appears to
have been exceeded only by Taisvan [15, p. 274]. If is quite possible that increases
in the capital intensity of investment-and in industrial productivity have meant
a slowing of the rate of expansion of nonfarm employment. Data are not available
for testing that supposition, but even if we assume that nonfarm employment in
West Pakiston will continne to grow at 4 § percent until 1985, the farm labor foree
would still register an increase from 7.4 million to 12 2 million, In Hast Pakistan,
svhere Partifion adversely affected economic expansion, nonfarm employment
grew so slowly between 1951 and 1961 that agriculture still represented 85 percent
of the labor force in the latter year. Wven with substontial acceleration in the
growth of nonfarm employment, the rapid increase in the farm labor force that
is in prospect will give rise to severe problems in HEast Pokistan where farm
nnits are already excessively smail.

{2) Interdependence befwpeei foarm cash income and the use of purchased inputs

The level of farm cash income sets an upper limit on the agricultural sector’s
burchases of off-farm inputs, although the time pattern of this constrainf can,
of course, be modified by credit programs. Thus if the commercial market for
farm products is small relative to the number of farm households, the use of
purchased inpets by the nverage farm unit is necessarily limited. ¥f the agricul-
fural sector is fo maximize outpui, cash ineome allocated to the purchase of
inputs should be spent mainly on current inputs such as seed, fertilizers,.and
insecticides; they have highly favorable benefit/cost ratios, ihd they are comple-
mentary- to -the relatively dbundant farm-supplied inputs of labor and land. If
agriculfural development proceeds along the lines of the “Mexican model,” it 1s
‘possible for o relatively small group of large scale farmers to employ capital-
intensive methods. But the establishment of a subsector of lange seale units that
could satisfy a mgjor part of the commercinl demand would mean that the
average size of the remaining farm unifs and their ability to command purchased’
inputs would be reduced accordingly.

) It is the inherent limitations on the size of the domestic commercial market

when little structural transformation has ocenrred which accounts for the fact
that agricultural exports represent the major source of farmm ensh inceme in
many under-developed countries Where seope exists for import substitution or
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for substantial expansion of exports, the growth of farm cash income does not
depend so heavily on the 4ransformation of the domestic economy. In counfries
such as India and Pakistan that have been covering food deficits by sizable im-
ports (especially P.I. 480 shipmenfy from the T:S.), import substitution offers
the possibility of a rapid rise in domestic farm incomes until self-sufficiency is
reached. The possibilities of Imnort substitution in West Pakistan will, however,
soon be exhausted, and the only cireumstanee that would make it eeconomically
feasible to exploit the full potential of the new varieties of wheat and rice during
the Perspective Plan period would be a world market situntion that permitted a
huge expansion of exporfs of theze commodities. (learly, the critieal gquestion
is whether the increase in effective demand for agricultural products will be
sufficient to justify large investinents in mechanization t¢ achieve a rate of
growth of oniput even more rapid than that cbiainable by the widespread intro-
duction of yield-increasing innovations within a bullock-powered agriculture.

TABLE 2—FOODRGRAINS 1IN WEST PAKISTAN: SUPPLY AND DOMESTIC DEMAND!1
IMillrons of fong tons]

Wheat ' Rice
Low A Projected Low A Projecled
Year supply demand supply demand
4.2 48 1.3 1.0
6.1 58 2.0 L2
9.3 i.2 32 L5
13.0 8.6 A9 1.8
198483, . e ————— 59 0.3 6.2 21

"t Oulput projections from table 1, Growth of demand at 4.} percent per year is assumed through 1570-7. Annual
prawth rate then tapers off 1o 3.5 percent by 1984-85. See {5).

Prospective increases in domestic consumption of wheat and riee in West
Pakistan are compared in Table 2 with the projected increases in output under
the low A assumptions of Table 1. To the extent that the projections are reason-
able, a rather starfling conelusion emerges, Recommendations for rapid tractoxr
mechapization imply that 1984/85 goals of exporting 5.6 million tons of wheat and
4.1 million tons of rice are too modest. Clearly, one must aceept a highly optimis-
tic assessment of Pakistan’s foodgrain export prospects to argue that the large
outlays for current inputs associated wwith all the expansion paths should be aung-
mented by the heavy outiays of capital and foreign exchange to realize the even
larger exports that could be attained with the B alternative of Table 1.

Agninst & backsround of concern with India’s acute food shortages in 196566
and 1966-67 and predictions of an impending world food erisis, it is hot surpris-
ing that the effect of demand limitations on the growth of agricultural output
have received little attention. There is, however, an urgent need for reviged world
projeetions of import demands and exportable surpluses that take account of the
magnitude of fhe potential impact of the seed-fertilizer revolution. Indeed, in
the projections currently available, West Pakistan itself is included among the
?ggerdeveloped countries expected to be faced with growing food deficits [31]

1. .

In spite of the great uncertainty concerning future export demand and prices,
it is no doubt wise for developing countries with o potential for low-cost expan-
sion of grain exports to exploit this opportunily to enlarge their foreign exehange
earnings 0 long as exports ave reasonably remunerative. Choice of measures to
achieve expanded grain production should, however, fake account of the strong
possibility that foodgrain import demand may recede in the next decade or two,
and that export prices may fall sharply from recent levels. Given this uncer-
tainty with regpect to grain export prospeects, the presumption is strong that {he
returns to investing capital and foreign exchunge in rapid mechanization wounld
be legs than the returns obtainabie from alternative uses of these resources.*

‘Importp.nt poliey issues not examined here Include that of determining the ontHmgnl
product mix in agricuiture, siven the potential for incrensed output made possible by the
new produaction functions DMajor attemilon needs to be glven io the possibility that an
optimal expansion path would involve a shift away £from the present heavy emphasis on
cereal erops toward produets (livestock, vegetabies, fruit) with ngher income ealasticities of
demand and the potential {o npgrade the quality of Pakistani diets



202

The ease for rapid tractor mechanization in Pakistan is not conclusive even if
one accepts n highly favorable assessment of future demand conditions. An
jnerease in the use of tractors by the larger land owners at the rate consistent
with the B alternative of Table 1 would mean that many tenants would be dis-
placed. The opportunities for employment in the large scale, capital-intensive
snbsector of agriculture would be limifed because commercial farmers cannot
be expected to employ workers beyond the point where their marginel produe-
tivity is equal to fhe wage rate. Most of the expected increase in the farm labor
force would presumably have to be absorbed by the small seale, bulleck-oriented
subsector where family mempers join the labor force even though their marginal
product may be less than the average product tbat they consume. Becnuse of
the sizable inerease in the tractor-commanded area, & substantially inereased
laber foree in this self-employment subsector would be concentrated on a redueed
farming area. Such a situatien, shown hypothetically in Table 3 on the basis of
the B expansion pafth of Table 1, would involve social costs that might well
malke this option undesirable evén if export demand prospects made it economi-
cally atiractive. ’

TABLE 3 —POLARIZATION OF WEST PAKISTAR'S AGRICULTURAL LABOR FORCE CAUSED BY A STRATEGY OF
AGRICULTURAL DEVELOPMENT EMPLOYING AN ASSUMED 15 PERCENT ANNUAL INCREASE IN TRACTOR
UNITS:

Labor Lzbar Landflahor  Pertent of

employed  employed Tractor- Buflock- falo on  farm [abor

Total farm  on tractor  on buflock commanded commanded bollack {arce on
Tabor farce units units L atres acres unts kraclor
Year (millions)  {mithensy  (mllans)  (milhons)  (millionsy (acres/man) sHils
a @ (€M 4 (&) ()] 6]

s 8,205 . 084 8.121 1. 050 33 039 4 068 L0
9, 025 169 8.857 2112 34.135 3, 854 138

9. 987 , 340 9 647 4. 248 35 743 3.705 340

11 120 .684 10.436 8. 548 35 376 3.429 615
12.249 1375 10.874 17.185 32004 2,943 11.22

1 Assumptions The labor force on tractor units shown in col. (2) is estimated at 8 men per 100 acres using the acreage
Trgures in col. (4). Bullock-commanded acres consist of those utihzing improved and traditional cultoraf prachees and
equipmenl Labor fosce estimates based on Bose |3] Land area based on the projection ander alternetive B, fzble 1

‘The size of the tetal farm labor force 15 assumed to bo the same in all 3 alternatives since it s computed as a residual
on the basis of the estfmaied growth of the tota) labor force and an annual increase of norfarm emplayment of 4 5 parcent
'fl'he ﬁgl.;rﬁ)m cal. (3) above, labar employed on bullock units, are also computed as a residual by subtracting col. {2)
ram col. (1)

(3) Agriculiural development strategies ond their impact on overall economic
growth

Choice of an efficient strateszy for agricultural developinent will affect the
process of structural transformation and overall economic growth in two im-
portant ways. The impact of agricultural development on the expansion of local
manufacturing industries will depend on the eomposifion of farm demand for
manufactured inputs and consumer’s goods, and on the extent to which this de-
mpnd is satisfied by domestie production. In addition, the depree to which the
agricultural sector can bé expected to make a net contribution to the capital re-
gquirements for infrastruciure, industrial expansion, and the develepment of edu-
cational and other institutiong will itself be sirongly influenced by the strategy
for agricultural development that is pursued.

The inerease in demand for farm inputs by large scale, capital-intensive units
effecting agricultural devélopment within a dwal-size structure will to a large
extent be direcied toward imports of farmm machinery. Tiven if local assembly
plants are established, the forelZn eXchange reguirements for imported eom-
ponents will be large. The effect on domestic value-added and on nonfarm em-
ployment will be small. Conversely, a patiern of agricuifural development simi-
lar to that pursued in Japan or Taiwan maximizes the positive interactions be-
twveen the farm and domesiic manufacturing sectors. It means a large increase in
demand for simple, inexpensive farm equipment that is well suited to locnl manu-
facture by small and medium scale rural workshops; these workshops can be
expected to employ capital-saving, labor-intensive techniques, and thus make a
significant contribution to the expansion of nonfarm output and employment.
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One¢ important illustretion of the interaction between the natnre of the form
sector’s demand for farm inputs and the resulting impaet on domestic manufac-
turing cutput and employment is offered by the recent experience with the rapid
expansion of tubewells in West Pakistan. There has been a parallel developruent
of relatively large-hore public tubeweils and of smaller capacity private tube-
wells. The latter have had a much greater total efiect on the supply of irriga-
tion water, and wherens the public program has relied mainly on imported equip-
ment, the private tubewells have nsed pumps, diegel engines, coir string strainers,
and-other items of simple design produced in machire shops in rural areas. Many
of these firms bhave expanded fheir activity and the range of products fabrieated
at a remarkably rapid rate [9].

An ¢ven more significant potentinl exists for the development of local manu-
facture of a widening range of improved farm implements cheap encugh {o enter
into widespread use. Efforts in Pakistan -and India to replace the traditional “stick
plow” with an improved furrow-turning ptow egrlier met with only limited suc-
cess, but the rise in farin cash income is increasing the ability of farmers to pur-
chase such inputs. dMoreover, ihe yield advantage of ndequate preparation of the
seedbed, efficient weed control, uniform and proper depth of planting, and opti-
mum plant populations is very much greater with the new plant varieties and this
las sharply Increased the attractivenesy of this type of innovation.®

An agrieultural development strategy that would generate demend for simple

and low cost equipment that lends itself to widespread adoption ig attractive for
two reasons. Such. capital inputs complement abundant farm labor rather than
effecting mass displacement of farm workers. Secondly, the inputs themgelves
can be manufactured by small and -medinm seale firms that employ fairly capital-
saving, lahor-intensive techniques. Beonomies of scale are relatively wnimportant
in the metal-working operations required for such items and ean be offset easily
by the lower wage rates that prevail in what Ohkawa has aptly termed the
“semi-modern sector” of industry [23].° Okita's excellent analysis of Japan’s
experience with the parallel development of “modern™ and “semi-modern” indus-
trial sectors emphasizes the advantages of such a dual stiueture of industry in
developing countries characterized by an abundance of labor and scareity of capi-
fal [25, p. 882). In addition to the advantages secured by the use of appropriate
factor proportions, this concurrent development of small &nd medinum seale Grms
has the further advantage of making it possible to tap sources of capital and
enfrepreneurizl talent that the modern, large seale sector is not capable of
mobilizing,
_ The seed-fertilizer revolution has more general implications with respect to
the intersectoral flows of capital between agriculiture and nonagriculture. The
most immediate fiscal impact in Paldstan, and other countries where expanding
domestic production is leading to rapid replacement of P.L. 480 imports, is the
loss of the government revenues previously generated by the sale of these imports.
Although rapid increase in farm cash incomes means a sigoifieant inerease in
the taxable capacity of the agricultural sector, ihe present tax structuras are
nbt income-elastie, and politically difficult decizions will have to be made in
order to secure these offsetting inereases in government revenues.

T. H. Lee’s meliculous analysis [17] makes it elear that in Taiwan 2 net out-
flow of funds from agriculture contributed to eapital formation and infrastrue-
tural investment in other sectors of the ecomomy. But he emphasizes that the
gross inflow of funds to finance key projects in angriculture was also of eritical
importance. For a number of developing countries, substantial investments in
irrigation and draingge will be required to tealize the potential bhenefifs of the
new varieties and heavier use of fertilizers, Ruttan and Ishikawa bave even
argued that because of the magnitude of the agriculiural invegtments required .
to expand output to meet the requirements of a rapidly growing population,
the agricultural sector in contemporary developing countries may require a sus-

EPrograms to screen, test, nand desizm prototypes of promising items and to earry out
markef, Teasibility studies and {0 organize farm demonstrations eould aceeierate the devel-
opment See [21]. A sharp distinction should be made between sueh programs to encourage
the emergence of viabie units which use limited but appropriate capital equipment and on
employment-relief program such ns India’s scheme to foster hand-operated spinning
machines (the Aumbar Charkha} that use more eapital per unit of output than a modern
will [28, pp. 240, 2421, .

8The type of dual strueture to which Ohkawa refers is widely characteristic of the
indlﬁtgiul sgcﬁ)é]in developing countries as different as Japan and Nigeria For the latter,
see an .
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tained net. inflow of capital from the industrial sector [27, p. 227 [14, Ch. 4]. If
valid, thig would be a gloomy conclusion indeed, since rapid population growth
also inereases the capifal requirements for structural transformation.

Perhaps the mosk significant single implication of the seed-fertilizer revolu-
tion is that the-capita] requirements for a given rate of increase in agricultural
production can be reduced. The much more favorable input-ontput relationships
now available imply that the expansion of irrigated area need not.be-as rapid
as would otherwise be reguired, and that the benefit-cost ratios of irrigation
investments can be much more favorable,

P

IV. QONCLUDING COMMENTS

"The spectacular successes achieved by agricultural scientists and the world
fortilizer industry have abruptly altered the dimensions of the world’s food and
population problem. Although still difficult, the problems-posed by rapid growth
of population and labor force—in “the underdeveloped countries now appear to
he mandageable. Over the next two or three deeades, the improved produciion
possibilities resulting from the seed-{srtilizer revolution offer the hope of rapid
and relatively low cost increases in agricultural cutput; and these can be
achieved by an intensification.of agricultural production which offers the pos-
sibility of absorbing a considerable fraction of the growing labor foxce into.
productive employment. ~ ,

+Thisg éonclusion is especially-significant for countries in which the transforma-
tion of the economic structure has been limited, where the farm labor force still
bulks large in the fotal.and will continue to increase.in absolute size for several
decades at least. In the light of the sectoral interdependence betiveen agricul-
fure ahd nonagriculture in the process of economie growth, the advantages of
a’ broad thiust, unimodal approach to agriculiural development, sinilar io the
paftern pursued in Japan and Taiwan, appear to be very great for such coun-
tries,” What remaing unclear iz the actual mix of policies needed to influence
the pattern of agriculfural development in the desired direction, Certain poliey
implications seem fairly evident: for example, confining government subsidies
on farm ipputs to items that are cssenfially complementary to the abundant
on-farm resources, and imposing import dufies and taxes on inputs that are
anduly lahor displacing. Muech needs to be done, however, in developing analytical
techniques for gquantifying such judgments, There is an acute need to defermine
whether, in a particular situatien, tractors or other inpits are in fact, unduly
labor displacing, and to calculate the level of duty or taxation that should be
imposed to make the private profitability of investinent in such inpuis reflect
their social marginal productivity. Although many countries need to devize ways
to increase agriculture’s contribution to tax revenue as farm cash incomes rise,
there is no consensus as to how this can best be done withont blighting the devel-
opment of agriculture. .

There is also a neéd for better understanding of the effects of alternative poli~
cles relating to land tenure and taxation on the pattern of agricultural-develop-
ment. What accounts for the fact that in Japan and Taiwan management uniks
in agricultare were uniformly small, in spite of the fact that both countries, had
2 highly skewed pattern of land ownership during their eritical periods of agri-
cuitural development? There d¢ not ‘appear to have been any attempts fo ac-
count for the very different patiern that prevails in much of India and Paki-
stan, where large land holdings have often been operafed as lorge ménagement
units with hired labor. The seed-fertilizer revolution has given a special urgency
to this question because of the tendency for large farmers to acquire tractors
aud to hire fewer workers or to move their tenants off the land that they are now
renting, Bfficient implementation of land reform measures that put a _ceiling-on:
farm holdings would presumably encourage a-pattern~of~agricultural develop-
_ment,_similae to-that-pursied in Japan and Taiwan. In fact, the véry liniited
and unstable changes in tenure arrangements that have been carried out in India
may well have had an opposite effect [26, p. 202]. Ceilings on land. rentals may
accentunte a trend toward 8 bimodal patters of agricultural development that will

7 A broadly based approach may alse yield important indirect benefits. It has been argued
alspwhere that widespread involvement of the farm-population in the dynamies of the seed-
ferfilizer revolution is likely fo create an environment more propitious for the spread of
family planping than that which could be expected if the expansion of farm outpuf and
enles were concentrated in a subseetor of large secale, capital-intensive units [18, p. 2651
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create socigl problems more serious than those associated with the high renial
payments that farmers are prepared to pay when there is excess demand for land.

Implicit in the present apalysis is the view that wage subsidies are mot a
promising policy instrument for accelerating employment. In large scale, capital-
intensive industries, such as nifrogen fertilizer production, the elasiicity of em-
ployment to wage rates is certainly very low since wage costs are such a small
fraction of total costs. On the other hand, it would be costly and diffienlt to ad-
minister such a program among fhe small seale firms of the “semi-modern sector’™”
of industry which, in fact, normally pay lower wage rates because of a differen-
tinted salary strueture ‘Enthusiasm for a program of wage subsidies that would
\ead to endorsement of large corporate farms 4s a major element of agricultural
strategy (because such farms might make the administration of wage subsi-
dies feasible in the farm sector) wwould certainly seem to be misguided in light of
the present analysis.

It is already apparent that the sced-fertilizer revolution has given 1mp01'tanf:
breathing space with respect to the food supply problems associated with rapid
population growth, The present opporiunities, however, are the result of a dis-
equilibrium situation. A significant part of the cumulative advance in agricultural
seience and in ferfilizer produetion technologies has-gquite abraptly become acces-
sible to many of the tropiecal and subtropical regions of the underdeveloped
world. Once these possibilities for dramatic shifts from old to new production
functions have been substantially exploited, and our projections.suggest that im
tWest Pakistan.this.may well have taken place by 1985, the further opporfunifies
for rapid and low cost increases in farm oufput will probably be much more
limited. Tt is dimportant that the present opportunities be exploited in ways that
will have & maximum positive impact on overall economic growth and modern-
ization. )
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TEe GREEN REVOLTTION : CORNTCOPIA OR Panpori's Box?

By Clifton R. Wharton, Jr.

(Dr. Wharton 18 the former vice president of the Agricultural Devclopment
Council of New York who recenily 1oas named president of‘ Michigan State
University, Lansing. This article i8 reprinted by special permission from Foreign
Affairs, April, 1969, Copyright by the Council on Foreign Relations, Inc., Ne-w
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The application of science and technology to traditional agriculture has hbegun
to produce dramatic results, above all in- Asia. The yapid expansion of certain
food grains in the developing world is being particularly widely heralded, and
justly go, as the “Green Revolution.” The discussion of the phencmgnon tends to
cluster arcund fwo views. On the one hand, some observers now “believe that
the race befween feod and population is over, that the new agrieultural tech-
nology constitutes a cornucopia for the developine world, and that victory
is in sight in the “War on Hunger ” Others see this development as opening a
Pandora’s box; its very success will produce a number of new problems swhich
are far more subtle and difficult than those faeed during the development of
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the new technology. It is important to give careful attention and eritical analy-
sis to both inferpretations in order to he opmmistic about the promise of the .
Green Hevolution where justified, and at the same time to prepare for the
pioblems that are now emerging. The Green Revolution offers an unparalleled
opporiunity to break the chains of rural poverty in important parts of the world.
Success will depend upon how well the opportunity is handled and upon how
alert we are to the inherent cohsequences.

It is now generally Lknown that major technological breakthroughs in food
production are helieved to bave lifted the spectre of famine in the immediate
foture and to have postponed the prospeet of Malthusian population disaster.
Startling developments have been accomplished in wheat, yice and ecorn—major
food staples in mueh of the developing world. The possibilities for doubling
or even tripling production are based upen new high-yield varieties coupled
with adequate supplies of water, fertilizer, pesticides and modern equipment,
Overn.ght, the tmage of agriculture in {he developing countries has changed
from that-of an economic backwater to that of a major potential coniributor
to overall development. The new varieties mie rapidly spreading both within
couniries and across national boundaries. A vecent estimate of the Yuterna-
tional Agricultural Development Service of the U.S. Department of Agriculture
reveals thot in Asia alome the estimated acreage planted sith these new high-
yield varieties rose from 200 neres 1n 1964-65 to 20 million in 1987-68. Traditional
food-importing nations like the Philippines and Pakistan are becoming self-
sufficient and have the prospect of becoming net food exporters.

I% will be no easy task to achieve the potential increased production offered
by the new technology, particularly when it involves millions uponr millions of
diverse farms and farmers seattered over the countryside. If the inereased
production is in fact obfained, this will automatically produce & whole new
Set of second-generation problems which must be faced if development iz to be
sustained and accelerated. Therefore, fwo considerations need to be horne in
mind, First, there is reason to believe that the further spread of new varieties
will not be as fast as early successes might suggest. Second, the new problems
arising ¢ut of the spread of the new technology, whatever 1ts speed, needs o
he foreseen and acted upon now. The probable developments In each case have
the greatest significance for economic growth and for the conduet of interna-
tional relations. -

I

The reasong for believing that the new technology will not in fact spread
nearly a8 widely or as 1apidly as supposed and predicted include, first, {he fact
that the availability of irrigated land imposes at least a short-run limit to the
spread of the mew high-yield varieties. Most of these require irrigation and
careful water control throughout the growilng cyele. In most Asian countries
about onefourth to ¢ne-half of the rice lands are irrigated ; the remainder are
dependent upon monsoons and seasonal rains. The speed with which additional
land ean he converted to the new technology depends on the rapidity with which
new irrigation facilities can be constructed; and here the high capital costs are
likely to be a retarding factor,

Large-scale irrigation projects ¢an seriously strain the investment capacity
of developing nations. FFor example, the massive Mekong River development
scheme, Involving Taos, Cambodia, Viet Nam and Thailand, has been estimated
to require a capital investment over the mnext 20 years of about $2 billion,
roughly 35 percent of the annual national income of the four comntries involved
and exceeding the annwal net new investment of all the countries of Southeast
Asia combined. Tarther, significant additignal costs are involved in converting
existing irrigetion gystems to the requirements of modern agriculture Many
of the old gravity irrigation systems were not designed to provide the sophis-
ticated water conirols demanded by the new varieties. (For example, each plot
must be controlled separately throughout the growing season.)

Second, there are doubts about the ability of existing markefis to handle the
increased product, Storage facilities and transport are inadequate and crop
grading often deficient. Not only must the marketing systemn be expanded to
handle a larger output; there also i§ an increased need for farm supplies and



208

equipment. Fertilizers, pesticides and insecticides must be gvailable in the right
‘quantities, at the right times, and in the right places.” Given the inadeguacy
of the agriculfural infrastructure, the need to expand and-modernize markefing
systems is lilely to reduce the pace of the Revolution,

Because many of the new varieties, especially rice, do nol appeal to the
tastes of most consumers, it is difficult to caleulate the size of the market.
Some argue that until newer variefies which are closer to popular tastes are
developed, the moatket will be limited.

Third, the adoption of tbe new technology is lilkely to be muech slower where
the crop is o basie food staple, grown by a farmer for family consumption. Such
farmers are understandably reluctant to experiment with the very survival of
their families. Peasant producers are obviously far more numercus in the de-
veloping world than are cormmercial farmers and the task of converting them to
a more modern technology is considerably more difficult. So far, speetacular re-
sulis have been achieved primarily among the relatively large commescial
farmers, Some semi-subsistence fafmers have begun to grow the new varielies,
T:ut the rate at which they adopt them may be slower.

T'ourth, farmers must learn new farming skills and expertise of a higher order
than was needed in traditional methods of enltivation. The new agronomic re-
quirements are quite different as regards planting dates and planting depths;
Tertilizer rates and timing; insecticide, pesticide and fungicide applications;
watering and many others. Unless appropriate extension measures are taken to
educate farmeers with respect to these new farming complexities the higher yields
will not be obtained.

Fifth, many of the new varieties are non-photosensitive and the shorter term
will allow two or three crops per year instead of one. Multiple cropping is good,
but there may be difficulties if the new harvest cbmes during the wet season
without provision having been made for mechanical drying of the crop to re-
place the traditional sun drying. In addition, there may be resistance if the new
harvest poaitern conflicts with religious or traditional holidays which have
grown up around the customary agricultural eyeles.

Sixth, failure f0 make signifieant institutional reforms may well be a handi-
cap. There is evidence in several Imtin American countries that a failure to make
needed chonges in policies now detrimental to agriculture, or o reluctance to
effectuate the institutional reforms required to give real economic incentives fo
small farmers and tenants, has been primarily responsible for the very slow
spread of Mexico’s success with new varvieties of wheat and corn to its neighbors
to the south.

Hrom all this one may deduce that the “first” or “early” adopiers of the new
technology will be in regions which are already more advanced, liferate, re-
sponsive and progressive and which have better soil, betfer water mans‘tgement,
closer access to roads and markets—in sum, the wealthier, more modern farmers.
T'or them, it is easier to adopt the new higher-yield varieties since the finanecial
risk is less and they already have better managerinl skiils When they do adopt
them, the doubling and trebling of yields mean a corresponding increase in their
incomes, One indication of this is the large number of new private farm-manage-
ment consuliant firms in the Philippines which are advising large landlords on
the use of the new seed varieties and makmg handsome profits out of their share
of the inereased output.

Asg a result of different rates in the chffuswn of the new technology, the richer
farmers will become richer. In fact, it may be possible that the more progressive
farmers will capture food markefs previously served by the smaller semi-sub-
sistence producer. In India, only 20 percent of the total area planted to wheat in
186768 consisted of the new dwarf wheats, but they contributed 34 percent of

the total produection. Such a development could well Iead to 2 net reduction in -

the income of the smaller, poorer and less venturesome £armers. This raises
magsive problems-of welfaré ard equity. If only a small fraction of the rural
population moves into the modern cenfury while the bulk remaing behind, or per-
haps even goes backward, the situation will be highly explosive. For example,
Tanjore distriet in Madras, India, has been one of the prize areas where the
new high-yield varieties have been svccessfully promoted. Yet one day last
December, 43 persons were killed in a clash there between the landlords and
their Iandless workers, who felt that they were not receiving their pmper share
of the increased prosperily brought by the Green Revolution.
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Other experts zrgue that the new technology’s stimulus to production and
income cannot be stemmed. If is true that the rapidity with which the new
seed varieties have spread in country after country belies the customary view
of an inert, unresponsive peasantry. In 1965, India began a program of high-yield
varieties which sef a goal of 32.5 million acres by 1970-T1; last year’s crop season
saw 18 million acres already planted, which contributed to the most suceessfyl
Feat in recent Indian agricultural history (some 100 mmllion tons of feod grainhs,
11 million over the previous record year of 19G4-063). Self-sufficiency in food
grains is predicted in three or four years. Other conniries arve experiencing simi-
lar situations where the demand for the new seeds is outstripping the ovailable
supplies and black markets are even developing in seeds and fertilizer.

Nevertheless, if we assume that the new varieties will continue to live up to
expectations and spread rapidly and widely, the inereased prodection will in
turn lead to a new set of difficulties. First, large trects planted in one of the
new variefies may be susceptible to disease and infestation which could cause
massive losses Heretofore, relianee upon seed seiected by individual farmers
meant: that neighboring farms growing the same crop usually planted two or more
different varieties or strains. 'This heterogeneity provided a bwilt-in protection
against widespread plant diseases, since not all variefies are equally suscepfible.
Buf where 4 single variety is:introduced, eovering large contiguous areas, the
dangers of pathologic susceptibility are multiplied. For example, the new wheat
introduced from Mexico info the Inde-Gangetie belt in Indis and Pakistan has
intolved a2 small range of genotypes—and the same has been true in Iran, Turkey-
and certain Middle Bastern countries. Any change in the spectrum of raceg of
wheat rust in any of theése countries could threafen the wheat crop on 4 massive
seale, since it would involve the entire area.

Two steps are necessary to avoid these dangers: first, a diversified hreeding
program thich can continually produce new varieties; second, an able and well=
organized plant protection service which can quickly identify dangerous ount-
hreaks and imtiate prompt steps to combat them Both activities must rely pri-
marily upon national organixations rother than the regional or internafional
ones Both demand a skilled, well-trained staff, Some nations have recognized
_ ’these dangers and are taking steps to meet them, but others still have not been
made sufficiently aware. Aid givers—public and private—who are Tesponsible
for promoting the new varieties bear an equal responsibility to promote ine
ligenous resenrch and plant protection services The outbresak of any major
'disease which “wipes out the harvest of thousands of farmers is far more likely
to be blamed of the producers and spreaders of the miracle seed than on Fate.
Agricultural development could be set back several decades.

Second, it is vitally important to expand the entire complex of services and
industries requited to achieve the higher produection. Any government or for-
eign-aid agency -which distributes the “miracle” seed but fails to provide the
insecticide and fertilizer in the appropriate quantities when and where needed is
-eourting political disaster ; unless these inputs are available and used, some local,
traditional varieties will outyield the new ones. A seed industry, agriealiural
«chemical plants, processing and storage firms, factories producing hand sprayers,
-dusters, witer pumps and engines—these are just a few of the agriculturally
Telated industries which must develop if the Revolution is to take hold.

The gkills and the capital needed cannot be provided solely by the public sector.
Private capitfal must also be utilized. In a few countries the spread of the new
technologies has already forced an abrupt departure from the previous practice
of having governmeni agencies serve as the major or sole distributor of the
required inputs. Private indusiry, especially American, has stepped in £0 pro~
vide a mew, more dynamic pattern of distribution. In the Philippines, for ex-
ample, WSSO hag become 2 major distributor of fertilizer and agricultural chemi-
cals. Trequently, such ventures have involved links avith loeal firms. In India,
the Infernational Minerals and Chemicals Corporation, with the Standard 0il
Company of California, built a fertlizer plant with a yearly eapacity of 365,000
tons; the T'S. firms provide the management but contrel is Leld by an Indian
firm. Storage silos, seed mmultiplication firms &nd even integrated farm-to-retail
firms are just a few of the activities where privafe U.S. resources are being
harnessed to serve the Green Revolution. .

Egually imporlant are ihe Increased farm services which are reguired, par-
ticularly agricultural credit. Tor esample, from studies conducted at the Infer-
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national Rice. Research Institute, it js estimated that whereas the fofal cash
costs of production for the average Filipine rice farmer using traditionil meth-
ods and varieties is about $20 per heetare, the cost rises to $220 when the new,
high-yielding TR-8 is grown, Although the yield may increase threefold, leading
to & net return four times greater than with traditional varieties, the farmer
must have access to substantially greater eredit to finance his operabtions. Espe-
cially Tor the poorer farmers with low cash reserves, who may want to adopt the
new varieties, the village moneylender and merchant will not be aaequaf:e lunless
they in turn have access to additional funds. Indeed, the Green Revolution must
be accompanied both by an increase in the amount of credit available and by the
expansion sand modernization of credit imstitutions -and mechanisms. Tapping
the capital markets in the modern urban sector must be encouraged, and ways
must be found at the village level to mohilize locnl capital, espeeially the in-
creased savings which are possible from higher farm incomes. The Green l_levo-
lution will generate increased cash which, if-properly marshalled, can contribute
to capitalformation and agricultural progress. .

Phird, much more attention must be devoted to marketing the increased output.
‘Where there has been semi-subsistence agriculture, the impact of the new tech-
nology apon the marketed product is even greater than on total produection. If
the crop is g food staple and if the peasant farm family traditionally consumes
some 70 fo 80 percent of its fotal product each year, a doubling of output does
not lead to a doubling in the amount retained for family consumption. Some mod-
est inerease in consumption is likely, but the bulk of the increased proguction
will enter-the market Thus a doubling in yields in a semi-subsistence agriculture

* ugually leads to much more than & doubling of the amount sold.

The impact of this explosive incresse upon the traditionsl marketing network
and storage capacity can be eazlamitons, The case of India is Hllustrative. During
the past crop year, India experienced a marvelous increase in food-grain produc-
tion, but the marketing network and storage facilities were not prepared to cone
with it The result can be geen in the mountaing of food-grain stored in schools
and in the open air under conditions which are apé to reduce if not negate the
gains. The food-deficit psychology which underiies the failure of planners and
polieymalkers to anticipate these results is not limited to the developing nations.
Ald givers were equally surprised. Strangely, the lessons of the Indian experi-

. ence do not yet seem to have affected the thinking and planning of other na-
tions which are promoiéing the new technology.

Fourth, the slowness with svhich the food-deficit psychology dies also has gn
imporiant consequence in terms of government pricing policies. The fact that
agriculture, even semi-subsistence agriculture, does respond to price, is only
gradually becoming accepfed. Bui the shock which guantum jumps in food pro-
duction may have on domestic prices has not been guffieiently appreciated. The
dowiwaird pressure oh prices, especially where transport is deficient and-storage
iz inadequate, may in faet be s0 severe as to have a disincentive effect upon
producers, Unless adequate attenfion is.given to developing & sound pricing pol-
icy to prevent excessive dampening of incentives, the spread of the new tech-
nology may In fact be eut short before any “fakeoff” has occurred. Premaiure
discouragerent could produce a reversion leading to a slowing up in food pro-
duetion or even a rejection of the new technology.

It bns been amply demonstrated throughont the world that peasant and sub-
Sistence farmers are responsive o favorable prices, provided the return is
real and they receive the benefith For example, from 1951-53 through 1961-63, the
farmers of ‘Thaifland in response to favorable prices incrensed their exports of
worn atan average annual compounded rate of 35.8 percent ; casava, 25.0 percent ;

" ond kenaf, 43.8 percent. Filipino farmers responded to a governmental price-
support program for tobacco by changing from native to Virginin tobaeco and
then booming production. from 3 million Kilos in 1954 to over 30 miilion kilos im
1962. The 1ist of crops where peasant farmers have responded to favorable prices
fs large—rubber, 0il paim, coffee, jute, wheat. barley, sorghuvm, millet, gram,
fotton. Thus, if the full potential offered by the new technology is to he
Yealized, every effort must be made to insure that there s in faet a significant
return to the producer and that the rapid rise in output does not lead to a
counter-productive slump in prices.

Tifth, the goals uf incereased food production are frequently couched in terms
of some desirable, minimal standards of nutritien. Such nutritional goals are com-
‘mendable, but they can be attained only by individuals who have fhe income with
which to pureliase the Metter diet, Bifective demand for fuod depends upon both
the income of the demanders and the price of the food. If the increased production
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leads to Iower costs and prices, then consumers will be able.to inerease their food
purchases «and hopefully to raise their levels of nutrition Egqually important is
the need to increase incomes so that the grenter production entering the market
can be purchased, The food problem in a developing world is both a problem of
production and supply and.a problem of demand and income. Tnless the higher
levels of effective demand materialize, the prospect will be market gluts, price de-
pression and, in certain cases, shifis by the fairmers away from the highexr-
Fielding vavieties. Hence, every effort must be made both to reduce the unit costs
of the increased food output and to augment the incomes of consumers who pur-
chase food.; otherwise, the second bowl of rice will not be bought—despite the
technical feasibility of producing it

Sixth, one of the major avowed aims of most nations whicly are eagerly pPro-
moting the Green Revolution is to achieve self-sufficiency m food produection.
In Southeast Asin, for example, the Philippines already claims to have become
self-sufficient, Malaysia prediets that she will be self-sufficient by 1971 ; Tndonesia
by 1973. Some believe that these target-dabes ave.overly optimistic. But if the
rice-deficat nations of the region such as Malaysia, Indonesia and the Philippines
eventually become self-sufficient by successfully adopting the new technology,
what will happen fto the rcessurplus pations like Bmima and Thailand whose
economies are heavily dependent upon rice export? o whom will they secll their
rice? Selfsufficicney will not only be detrimental to the rice-exporting nations,
but will reduce one of the few areas of economic interdependence in the region.
Unless action is taken in advance to offset the predictable impact of the new
technology, hopes of promoting regional economic integration will be substan-
tially redueed. Whether or not one agrees with the goal of self-sufficiency for
ithese nations, the policies have been adopted and -will be pursued. Many develop-
jng nations spend Some 30 percent of their fareign excbange on food imports
and wish to eliminate this drain.as well as the irritation of chromnie deficits in
domestic production. We should anticipate the predictable consequences of these
policies—in this case major economic dislocations in trade—so that, we can- be
lequally Teady with developmental efforts or foreign assistance fo reduce the
dimensions of the problen. Unless the exporting nations tale immediate stock
of their prospects and seek to diversify their agriculturve, the impaet of =uch
tiade distortions could have major consequences for their economies and pace
of. development. -

Seventh, a eritical question is whether these technological developments are
a “once-and-for-all” phenomenon. Howr likely is it that new technological im-
provement. will confinue to be made? The application of seience to agriculture
over the last 800 years has resulted in a tenfold increase in yield per acre on the
best farmed lands in the temperate zone. This expansion is what led to the pro-
duction controls introduced by the surplus nations, such as the United States,
to keep demand and supply in reascnoble balance. Today's Green Revolution is
‘the result of o similar application of scienee to agriculture in the developing
world. But it should be noted that the institutionalized application of science is
largely concentrated at present in food crops, Before World War 11, primary
attention in agricultural research in the developing world was devoted to the
mAjor crops—rubber in Malaysia, sugar in the Philippines, coffes iu Kenya, palm
oil in Nigeria, eoffee in Brazil, bananas in Honduras. Staple food crops iwere
gither ignored or received scant attention. Thus the successes of therecent appli-
cation of science to peasant agriculture could be interpreted as an explmtation of
a “technical gap” in food crops left by years of neglect. If current developments
merely represent a “cafching-up,” thén as soon as population overtakes eurrent de-
velopments, we are back to “sguare one.”

Much will depenc upon whether or not the necessary manpower ig trained in
each countny to provide a continuing human, regsource whiclt can produee a con-
stant stream of new technology. The manpotwer trained in the Roelkefeller Foun-
dation’s Mexivan program has always been a greater eontribation. in my view,
than the new varieties. Successful adoption should not deflect attention Trom
the importance and role of continuous agricultural research. The development of
indigenous competence to engage in ngrienltural research ig eritical and becomes
€ven more eritical as the new varieties wre adopted. The target should be not @
new technology but evel-new technology, and this requires skilled manpovwer,

These are only a few of the possible eonsequences of the successful gpread of
'the new technology. There are several broader consegyuendes and issues which ean
be.raised only as questions in this brief pregentation :

To what extent will the diffusion of the new technology smeeentuate the dis-
Placement of rural people and heighten the pace of migration to the cities? If

]
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higher yields per acre, multiple cropping plus mechanization, force surplus
manpower out of agriculfure, what are prospects for increased employment in
industry and services to absorb this manpower?

For the average developing nation the Green Revolution means that instead of
«devobing two-thirds to three-fourths of ifs agricultural rescurces to food pro-
duction, these resources may now be shifted to other higher paying crops. The
«question then becomes, what crops and for what markets?

If agricelfure becomes more modern, dynamic and wealthy, will the non-
agrieultural sector allow agriculture to retain a significant share of this in-
ereased income or merely follow the previous patterns of taxing agriculture for
non-agriculinral development?

What will be the political significance of these changes if successful adoption
«of the new techmology leads to an economically invigorated and strengthened
rural population—almost invariably a large majority in developmng mnations?
Wil rural-based polifical parties and mowements emerge to alter the recent
«Gominance of nrban centers?

What will be the global effect of a food explosion in the tropical and sub-
-iropical world ? Will such developments lead to an improved reallocation of pro-
ductive specialization among the developed and developing world, or will.nation-
:aalistic trade barriers eontinne te flout natural comparative advantages?

One final danger lies m asswming that there ig no longer #n urgent need
for measures to reduce rates of population growth. Quite the contrary. While
the new developments are a gplendid gift of tlme to allow a holding operafion,
effective population measures continue to be essential, Whether one assumes .a
growth rafe of 2.5 or 3 percent, the inexorable fact is that, give or take a few
years, the population of the developing world'will double in about 25 years.

The significance of the food-population problem ig more than humanitarian
:aand developmental; it also has eritical implicafions for the conduct of imfer-
national relations. Relations befween pafions are often profoundly affected by
Tong-run forceg over which men can exercise only limited control in the shorf
run. The Iood-population race is ap excellent example of sueh a set of forces.
Predictions regarding beth population and food, az well as their interaetion

“«over varring lengths of time, must be taken into account in the conduect of

«levelopmental assistance, not only by aid-giving nations and international orga-
nizations, but by the governments of developing nationg themselves. Policies and
programs designed 'to win the race between food and population may have un-
intended, though often predictable, conseguences which may have a very broad
impact,

v

Charles Aalik once said thal “one of the prineipal eauses of both iniernational
«conflict and internal strife is unfounded expectations. These are based ulti-
mately either on decepiion or on a belief in magic.”! TWhat we have in hand
secms to many people to approach magic; let us hope tbat it does not become
the source of deception.

To speak of the possible consequences and problems associated with the next
phase of the Green Revolution should nof be misinterpreted as a plea for the
suppression of the Revolution because, like Pandora’s box, it will lead fo even
creater problems than those it was designed to eliminafe. On the contrary, I
would strongly argue that the list of second-generation problems is 3 measure
-¢f what great opportunities exist for breaking the centuries-old chains of
peasant poverty. They also demonstrate how closely intexrelated are the various
factors which impel or retard agricuiiural development. This complex inter-
relationship makes interdisciplinary research and coiéperation vital if the cur-
rent problems are to be solved and future ones anticipated. The most realistic
predicHon is thnt each coumrtry is likely to experience a-different sef of these
Problems and that ithere-will- ber variations among countries befween the two

« + - - -extremes of optlmlstlc and pe:>51mlst1c DPrognoses.

‘The quiet, passive peasant is already gware of the modern world—ifar more
than we realize—and he is impatient to gain his share, The Green Revolution
offers him fhe dramatie possibility of achieving his goal through peaceful means.

It has burst with such suddenness that it has caught many uznasvare. Now is the
time to place it in its long-range parspective and to engage in contingency plan-
ning so that we may respond fiexibly and quickly as the Revolutior proceeds.
Perhaps in ‘this way we can ensure that what we are prownding becomes a
cornucopia, not 2 Pandora’s box.

1 Charles B Malik, “What Shall It Profit A Man ", Columbig Joeurnal of World Business,
Summer 1966
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“Foop SUPPLIES AND FcoNoMIC (GROWTH IN DEVELOPING COUNTBIES—TEE 1970's

{Lvle P. Schertz)

(Presented at the Annual Meeting of the Western Agriculiural Bconomics Asso-
ciation, Oregon State University, Corvallis, Oregon, July 28, 1869. AMr. Schertz
is Assistant Administrator for International Development, Foreign Agricul-
tural Service, U 8. Department of Agriculture.)

In the mid-1960’s the spectre of food scarcity emerged as a major world issue.
Rapid population growth continued in developing countries, Failure of the
monscon on the Indian subcontinent caused cereal production to plonge. U.S.
Einajn stocks available for concessional food assistance had declined and were
imnited.

Today, anly a few years later, we witness g “green revolution” in the develop-
ing eountries. And the world has new confidence that food crises in these countries
dre a thing of the past,

I want to review the evolution of these events. But even more I want to discuss
iwo new challenges that confront the developing couniries in the 1970%s: (1)
relating food production to world trade, and (2) expanding employment to meet
population Increases. The recent progress could ensily cloud our awareness and
preparation for these clhallenges which are much more complex thap merely
inereasing produetion. -

TWO DECADES OF CHANGE

The recent increases in food production have occurred against a background
of two decades of change in the developing countries, which led to their inereased
dependence on cereal and ferfilizer imports from the developed couniries—in
many cases on a concessional basis. The Lwo decades can be roughly divided into
four periods.

1950°s  Growth .
1960-6+ Deceleration

1985-66 OCrisisin Sonth Asia

1967-68 Recovery and Acceleration

The Four Periods

During the 1950’s per capita food output in the developing couniries increased
an average of 0.6 percent 4 year. (Figure 1) This growth reflected increased total
food output of three percent o year against g population growth rate of 2.4 per—
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cent. The dependence on the developed world for food increased. Net cereal im-
ports by the less developed countries inereased from a 1951-55 yearly average
of slightly less than six million tons, to 1§ million by the end of the decads’®

The growth thrust of the 1950's—war recovery and nationsal independence—
faded, however, in the early 1960°s. 'The 1ate of increase of food output slowed,
while the rate of population growth increased. During the deceleration period—
1960-64~—per capita food production remaimed above the 1937-59 levels, But
inereases in food production did not keep pace with demand. And the dependence
on the developed countries for eereal and fertilizer imports continued to rise. By
1964 the developing countries were importing 20 million tons of cereals a year
on 4 net basis, Fertilizer imports by the developing nations in the mid-1960's were
2,6 times higher than a decade earlier.? YWhile the 1950’s brought progress with
modest yield inereases, the early 1960’s demonstrated the need for more intensive
agriculture if the developing countries were to feed their people.

During these fArst fwo periods—growth and then deceleration—development
Pprograms emphasized industry. Few couniries gave priority to agricuiture even
though technicpl assistance helped build institutions to contribute to 2 modern
agriculture. -

Then the crisis of the mid-1960's struek South Asia, Pailure of the monsoon
.on the Indian subcontinent caused cereal produetion fo falter dramatically;
India was on the verge of a famine, Per capita food production in the developing
countries—heavily weighted by South Asia—dropped six percent to levels
equal to the lows of the mid-1950’s. Inereases in food production in Latin Amer-
ica and Africa barely kept pace with population growth. Net cereal imports of
the developing countries topped 28 million tons. Increased import needs of the
Communist eountries, ag well as reduced stocks in the major exporters, especially
the United States, accentuated the erisis.

From this crlsis, and the ensuing reactions which demanded priority for
agriculture, came 4 period in the developing countries of recovery and accelera-
-tion. Many factors contributed—improved weather, changes in domestic policies,
reduced availability of U.8. food aid, emphasis on self-help, more emphasis on
agriculture in Assistance programs, and accumulated payoffs from long-term
EEDl'tS( to) improve institutions serving agriculture in the developing coun-
tries. (23

Responsive COrop Varictics

Bui the outstanding factor was the development and intreduction of high-
yielding, fertilizer-responsive dwarf varieties of wheat and rice in Asia.® Scien-
‘tists with the Roekefeller and Ford Foundations literally remade the wheat and’
Tice plants into more efficient converters of soil nutrients, wwater, fertilizer, and
solar energy.’ As a regult, the new varieties, with associated inputs, yield up t0
two and in some cases three times as much ns traditional varieties under field
conditions. They not only yield more, they mature faster and are photo-period
insensitive thus making it possible for farmers to grow &wo or three crops where
previously only one could be grovwn,

Many farmers in Asia are planiing the new varieties of wheat and rice.
Acreage ineregsed from only 200 in 1964/65 to nearly 16 million in 19G7/68 and
over 27 million this yenr—approximately 16 percent of the wheat acreage and
seven percent of the rice acrenge in non-Communist Asia. (7) (27)

Introduction of the new varieties and their impact on national yields vary
“widaly. In Asia, the growing of the new wheat varieties has heen most exfensive

1 Qaleuinfed from deta in (11) and (12). Totals exclude Fapan, Mainland China, Republie
of South Africa, and Argenfina i :

2 Imports during 1963/64 aod 1964/65 averaged 255 million metric tons compared to an
average of 0 97 million tons in 1958/54 snd 1854/55 Computed from dafa in (10). N

# Defining “high-yielding varieties,”” as Dalrymple points out, is not easy ({7) The-term is
used In this paper to refer to varieties or descendants-of-wheat varieties developed at the
Tnternational Wheat and Muize Improvement Center in Mevico City (CYMMYT). and rice
varieties developed at the Internafional Rice Research Instifute (IRRI) in the Philippines
{as well ag fwo rice varietles developed elsewhere and widely used in India: ADT-2T7 and
"Talchung Native No. 1). Other improved varfeties which have been 1n use for some time in
Ceylon. Talwan, and Korea are not included.

+There-have, of course, been technological yield breakthroughs with other crops hut I
shall concentrate on wheat and rice because of their imporiance 1n the developing nations.
The history of Rockefeller Foundation plant improvement programs for these and other
erops through the early 1960% is discugsed in Jétail by ‘Stakman et al. (25} More recent
information on corn progrems in developing mations is provided by Palrymple (8} and
Eberhart (9). For o Féview of advanees I sugar ¢ane and baranas, see Ruttan ef al, (21}
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in West Pakistan and India, where they accounted for almost one-fifth of the
wheat area in 1967/68 and more of the crop now being harvested, {Table 1),
Reflecting different government policies anhd growing conditions, the zcreage
Pplanted to new rices varied from less-than one percent in East Pakistan, to five
percent in India,to 20 percent 1n West Pakistan.

TABLE I.—HIGH-YIELDING VARIETIES (HYV): ESTIMATED PLANTED AREA, ASEA, 19567-68

[Actes tn thousands]

Rice YWheat

AL RYVY per- Al ‘HYV per-
Counfry or region HYV1 varielies cent of total HYV1 varielies  cent of total

iEast Asna-
BUTTE e e cvm e e c e ccmmm e 7 12, 800 D) e oo e em——. m——— e m—
Philippines. .. e ceee.o cmmenmm - 287 7,500 FJS - R o amessmme-
South Vielname e o el e eem 2 5,780 () e iAo —esammm————

Scuth Asia® -

AR S AN e —— s ————— e 65 5, 800 L1
[0 LT . 4,410 ap, 700 4.9 7,210 36,900 19.7
Nepal. o eiemmac e smseserssm s ——————— 61 a0 20,3
East Pakistan. e oo ceceee oo 166 24,400 0.7 33 200 16. 5
West Pakistan. e cameeneme o acean 10 3,500 03 1,800 14, 300 12,2
West Asias TUrIKEY o o oo cumsemeem e s mmsmem——— e Crmmm————— e e 420 20, 000 210
Total Asia____ e 5,182 191, 000 2.7 9, 649 90,000 10,8

1 §ee definitron of high-vielding varelies in fexd, foolnote 3.
2 Neghaible

Saurce. Compiled from referesces 7 and 27.

- Yields have obviously increased, (Table 2, Figure 2) But how much of the
increase can be atiributed to the high-yielding varleties? Willett is perhaps the
first to try to make a comprelbensive estimate of the effect of the new varieties
on overall production in South and Seutheast Asia, (27, pp. 14-15) He estimates
that the mew rice varieties increased 1968/69 produetion by nine percent; the
wheat varieties inereased 1968/69 production by 20 percent. In terms of produe-
tion, this would be equivalent to 14 million tons of rice and eight million tons
0f wheat, I would represent eight percent of world rice production and three
Jercent of world wheat production.

« My own feeling is that Willett's estimates may be high since rice production
J4n the Jeveloping countries of Asia in 1968 was only 15 million tons above the
196064 average and 1968 wheat profiuction was up 13 million tons. But no one
«can be sure In part because it ig difficult to sort cut the effects of weather during
-this period.

v

TABLE 2 —GRAIN YIELD3: PERCENTAGE INCREASE FROM 1960-64 AVERAGE TO 1968

Conntry Wheat Rice Corn
4 T U AmmAmmmEAR e AmmEE—— 39 10 21
L Sy 24 8 0]
L5 1 USRS, n 4 {1
TR e e ————— 3 43} 0]
UM o e e samm T —————— . —— 39 4] )
Thatland. o e eeic e e emcaeamamscemeemmmmmmcmasamam .o ——— { 2 17
iPhlIipénnes ....................................................... Q@ 16 10
United Stabes e ceme e 13 20 26

1 Data it navailable,
Source; Compiled by Ranald Jones, FAS, from Foreign Agricultural Service Cirsulars,
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FIGURE 2

‘CEREAL- YIELDS
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$till, it is clear that the I;roduction funetions for cereal growing in several

developing countries have changed dramatically from only a few years ago. The

high-yielding varieties of wheat especially are much more widely adaptable, have
spread faster and further, and have yielded more than anyone would have guessed

ag recently as two years ago. The introduction of these new varieties have set
in motion many other changes—economie, social, and political—the so-called
green reveliution, (4) (26)

© Thus, a number of the developing countries approach the 1970's experiencing
a turbulenee of change in agriculture. Many issues ecme to the front. These have
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-often been referred to as “second generation™ problems. Hardin suggests that
science and technology are important for coping with first generation problems
while public and private decisions are closely relevant to the second and later
generation problems. (14, Pp. 1~2) There are many challenges requiring public
decisions by developing countries. But two in particular appear to me to be of
overriding importanece to their agriculture : .

Relating food production tosvorld trade.

Expanding employment to meet population increases.

RELATING FOOD PRODUCTION TO WORLD TRADE

The major problem of the 1960's was to increase production to meet immediate
demand. Recent breakthroughs in production now make it possible for some
conntries to realistically consider cereal production policies in the 1970's in light
of questions such as: How much food should they import or export? How guickly
can they afiord to adopt aggressive policies to correct inadequacies of nutrition?
In ghort, these countries face the need to adjust produetion in line with a host of
Tactors. These include four which have speeial relevance to ganging -the balance
between production and trade. They are (1) increased world supplies of wheak
.and rice, (2} excess capacity in developed countries, (3) comparative advantage
and prices, and (4) potentials £or diversification such as livestock production.

TIncrecsed World Supplics of Wheat and Rice

Production increased in both the developed and the developing conntries in the
1960's. Por exarmple, 1968 cereal production in each group of nations Inereased
25 and 20 percent respectively above the 106064 average. (Table 3) But while
the developed countries increased cereal output by 120 mullion tons, the develop-
ing countries, with twice as many people, increased céreal production only 50
million tons, As a result, per capita cereal production in the developed countries
inereased 17 percent while in the developing countries 1968 per capita production
merely recovered to the level of the early 196(0’s—an amount less than half as
uch as in the developed countries,

TABLE 3.—GRAIN PRODUCTION WORLD 1, 1350-63

1960-64 Change Ghangie -
- average 1967 1968  1960-64 to 1963 1867 to 1568
Area Miflton metac tons Tons Perceni? Tons  Percent
“Total production:
Developed eoUmtnes. ooy —aoeeeo 485 585 608 +123 +25 422 4
Developing coUNkries e e e emamenana 283 325 335 +5 +18 +10 +3
Wheal wae e mmee o cmmem—s 45 51 | +14 +31 +8& 418
Race {paddyy e 138 155 136 +18 +14 41 -1
L ¢ 47 61 61 +15 +32 a 0
L] 1,1-] 53 58 59 46 4-10 +1i 3-2
World 768 911 943 4175 423 +32 &
1Per capita production; -
Develaped countrles. o cavn oo ccaean 1494 4564 4 530 4 36 5 17 116 ¢ 43
Developing COUNRHES - ccree cwmmee e v 206 1210 €210 134 52 o ime e am———

World e el 1326 351 1387 3431 s-H0 546 i42

1 Excludes Communist Asia and Cuba.

2 Calculated from wnrounded pumbers )

3 includes millet, sarghum, rye, barley, cats, and miscellanzous,

f Kilograms.

b Parcent .

Source” Econmmic Research Service. Compiled from data provided by Charles Gibbons.

The increases in the developed countries included such outstanding changes
a8 a 75 percent increase in Australian wheat production from the 1960-64
average to 1968 and nearly a 70 percent increase in U.8. rice production.

Developments in the international wheat and rice marlkets illustrate their
«different competitive nature .,

IWorld wheat exports £or 1963-69, for example, are estimated at 1.8 billion
‘bushels. 10 percent below 1967—68 levels and almost 25 percent below the.peak
in 1965-66, when poor weather in Communist countries and drought on the Asian
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subcontinent inereased import requirements. (Table 4) Exports to the Com-
munist countries, as well as India and Pakistan, are only slightly different
from the _early 1960's but approximately 20 percent below the 1960<61 to

“1864-65 averages. )
TABLE 4.—WHEAT EXPORTS. WORLD, 1960-61 TO 1963-65

En miliien metric tans In percent

1960-61 to 196051 fo Change from  Change from

1962-63 1964-65 1960-62 lo 1960-64 1o

Destinakoo (average) (average) 195869 1968 1568

Communist counteres. e -ea 9.2 1.9 98 =-6B,5 —16,6&

India and Palistan. . ... ____. 4.7 58 45 .. =43 =22.4

O o e e s 30:6 235 +8.4 49.5
Warld 10fale e e 449 48.3 4.3 +6.3 -~1,0~

Sauree; Eajeulated from data in Fareign Agriculture, May 26, 1969. Converled from bushels on the basis of 1 metric ton
equals 36.74 bushels.

Prices of most wheat enfering international trade have deciined only modestly
while stocks in the major exporting countries have increased to about the levels
of the early 1960°s°® In confrast, rice prices have dropped sharply from their

" highs in early 1968 to 1966 price levels.

Thusg, the green revoletion in the developing countries is gaining momentum at
the some time that (1) cereal supplies are incrensing in developed countries,
(2) wheat trade is declining to levels of the early 1960°%, (3) wheat stocks are ex-
panding, and (4) world rice prices are dropping to levels of the mid-1960°s Con-
seguently, it is nof surprising that there is much talkk of world grain surpluses
and concern about the effect of increased production in the developing countries:
on world markeis, .

Hzxeess Capacify in Developed Countries

One of the principal facts of life confronting developing eounfries is the excess-
agricultural eapaecity. of the developed countries al prevailing prices.

We are all acquainted with the productive capacity of TU.8, agriculture This
past year oimost 50 million acres were withheld from farm production in an effork
to balance output and demand.

Western Burope is dominated by policies of the Huropean Community and the
prospective membership of the United EKingdom swhich has fellowed a persisient
‘policy of inereased self-sufficiency. {22) Grain prices of the Furopean Community:
are in many cases double the prices in international markets and export subsidies
are 8o large that they undercut prices of other exporters as distant from Burope
as Taiwan. This year the couniries of the European Communily are spending
nearly $1 hillicn for handling dairy surpluses alone and an estimated total of
over $7 billion to support their agriculiural programs.®

Japan is also highly protectionistic in some areas. Producer prices for riee
are over $18 per hundredweight. Beef imports are severely limited.

The export markets will eontinue for many years to be influenced by this.
excess capacity. Thus reductions in import requirements, as well as export- -
efforts of developing countries, will be sensitive issues of international trade and
development.

Comparative Advantege ahd Prices

In fhe mid-1060's, many developing countries gave little attention -to -the
principle of comparative advantage-and the matiure of infernational markets in
their pursuit of increased production. This seemed logical. The Asian subeon-
tinent had had o severe drought, nutritional needs were great, many countries.
were heavily dependent on concessional food, and budgets and balance of pay-
ment problems were substantiael restraints on ability to import.

& Average Octeber 1068-Aarch 1069 expert prices for U.S. No, 2 hard winter were down
4.4 percent from the average in the comparable six month period of 1966-67. And No 2
AManitoba had dropped by 7.2 percent. French wheat export prices have dropped much more,
Tefleeting the ‘aggressive export subsldizing pro%rams and policies of the European Com-
munity. and their unwillingness fo restrict production or build up substanfial stocks to-
asgist In- maintaining prices in internationgl markets, .

o These firures are based on special caleulations made by the Foreign Development and!

Trade Division, BRE, UBDA,
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Yet, as agrictltural changes spread, problems relating to comparative ad-
vantage and infernational markets will be anything but -academic. The success
of earlier policies in many countries brings them into direct confirontation with
problems of the world market place. Countries, in allocating their searce re-
sources, must confront such guestions as: Which of their farm produets are
most competitive in the world market? In which products is there the least
competitive disadvantage when returns for all are Iow? What is the competitive
hosition of their country’s resources for industrial production? And, how does
protectionisin in Europe and Japan, and import policies of the Communist coun-
tries, as.well as North America, on utnprocessed as well as processed farm
products, affect their competitive position?

Conslderation of these and similor questions must take into teeount prospec-
tive technology. One of the underlying objectives of ecenomic growth is the de-
velopment of resources and technology so that latent comparative advantages
ean, in faet, be realized.

The developing countries have traditionally exporied large amounts ¢of tropical
products. However, I think that it will he economically difficult for them to
become substantial grain exporters in the near ferm. It is much easier o increase
production for indigenous consumption than for export. Often the domestic mar-
ket is more folerant of variable quality than are the export markets. Further,
when a country depends partially on imports, its farmers are essentially com-
peting against import prices which reflect delivered costs from surplus-producing
countries. On the other hand, when a country produces more than ifs domesiic
needs, farmers get much lower prices hecause the exira costs of exporting their
product to third coumtries must then be taken into account. The difference between
these two sets of farm returns may be as much ag $25 fo 832 per ton.

Admittedly, subsidies and tariff policies can distort these relationships But
in most developing countries, the resources avnllabe for such policies are ex-
tremely small, especially in relation to similar expenditures in developed
countries.

Many countries, developed as well as developing, support domestic prices
above world prices and therefore compound problems of rationalizing trade and
production. Support prices vary widely. (Tables 5 and 6) But these relation-
ships depend partly on whether free or fixed exchange rates are used for in-
ternafional eomparison. Wor example, in Turkey, produeer returns for wheat
are $87 per ton when calculated by the fixed rate, but $59 per ton with the free
rate. For current price comparisons, those rates actually used for cereal and
fertilizer trade are most appropriate. But in terms of the longer run economic
development and competitive position in international markefs, the free rates
in the developing couniries may become increasingly relevant as currencies are
devalued.

TABLE 5—GOVERNMENT SUPPORT OR PURCHASE PRICES- WHEAT AND CORN, SELECTED COUNTRIES,
1963—AT OFFICIAL AND FREE RATES OF EXCHANGE

Dallars per metrne ton)

Wheat Corn
Exchange rafe Exthange rate

Country Odffictal Free Couniry Official Free
LT U 168 o ieen 4 [ L L
BraZllee ceeee e ciammm s - T . 7 —
Colombia e o 126 118 | Kenyae e ncm e camm e 43 3
ParaguaY e e 80 78 | Thatland___ . e . AT
MOFDCC0 oo e e s mm e e 79 71 | Unnted States_____ oo __. 50 .
Turkey__- a 5
Pakistan.._ 96 53
Inda.__.. 101 - 72
United States 297 e eaaana

1 Major producing slates of Sonora, $inalea, and Baja, Calif. Elsewhore, $73.
2 Loan rate (346) plus ceclificate ($51)

3 Unirrigated area; $64/ten tn Trrgated area.

£ Loan prce (339) plus support payment ($11.

Source: Reference 3, Exchange rates published in Picks Currency Yearbook, 1968,
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TABLE 6.—GOVERNMENT SUPPORT OR PURCHASE PRIGES: RIGE, SELECTED GOUNTRIES, 1968—AT OFFICIAL AND
FREE RATES OF EXCHANGE

[Dollars per metric tan]

Paddy rice Millad ree
Exchange rats Exchange rate
Country Official Free Country Official Free
10T )1 36 13 (Indat. o en. 95 68
Indiaz..._ 56 41 | Pakistan(West)3 _______.__ ... 107 59
Philippines$___. o evaen 93 88 [Japan s e 20 392
Brazleecee - _aaanna 9 e
EeHador_ e e eeearnn 123 105
Senegal: .o oo £5 (%)
APAN F e 294 274
United Stafes " e {111

1 Average of procurement prices for rice (Rs, 72/guintal),
2 Support price for paddy (Rs. 42-44 maond). No recent Government purchase because market prices are well above

this ieval,

® Announced procurement price for coarse nce pawd to mills (Rs. 19/md), Actual prica paid to farmers for paddy was
about half of thts (Rs, 711/md),

4 Government funds were insufficient o purchase all paddy offered for sale at this price.

5 Oficsal support price is for brown rice Converled here to paddy and milled equivalent.

& Not available. .

7 Loan price. (Average price recesved by farmers was 3110,)

Source: Compiled bif Dana Dalrymple from varigus reparls issued by the Fu}e:lgn Agricultural Service and the Agency
or Internalwonal Development Exchange rates poblished in Picks Currency Yearbaook, 1958.

Mexico, 2 counfry with onfstanding success in increasing wheat and corn
production, llustrates the type of adjustments that will be pressing many develop-
ing couniries. New technolegy in the form of the dwarf wheats shifted the
Mexican wheat supply function sharply to the right. Prices above world market
prices, combhined with the new technology, made Mexico a “surplus” wheat
country relative to domestic demand. Then, the dexican Government lowered
prices to reduce production. The 196869 wheat acreage decreased but increased
vields offset most of this decline. TWheat iz being purchased by CONASUPO
(the government {rade agency) at $64 and $73 per ton, prices almost 50 percent
above those currently obtainable by Mexico in intermational markets. An even
more severe price relation exists for corn. (8) (20)

Livestock—One Possible Adjusiment

Shifting land from cereals to other crops is one way in which countries can
adjust their production. (8) Perhaps an even more important aspeet of Jiversi-
fication, however, will be increased livestock production. This will be especially
relevant for medium income counfries approaching self-sufficiency in cerenls. {17)
Livestock production has an important role as a balancer between cereal require-
ments and supplies Where little grain i fed to livestork, demand for cereals
is often extremely price Inelastic and ehanges in production harve very sharp
effects on prices. .

Livestock can also be important in cushioning the effects of eereal productien
changes. For example, when produetion is short, diverting cereals from livestock
to human consumption, and slanghtering. of livestock, can mitigate demands on
foreign exchange and decreases in tofnl calorie supply. Alternatively, when cereal
supplies are large, increased consumption of cereals by livestock can absorb
higher production and thereby mitigate pressures upon the marketing gystems
to move cereals, perbaps even into export ehannels.” Tn addition to this balanecing
Tole hetween requirements and supplies, Hvestock production can make important
contributions: to the eéondmy in abserbing labor, increasing ecomomic activity,
and perhaps earning foreign exchange.

The Balance

It is impossible to anticipate how the developing conntries will react fo these
many forces and, in turn, relate their production to international trade, For
esample, exports of any one developing country that has been importing is not

7 Paarlberg poinfs out that this ead several other adjusters are the reasons why collision
eoursge projectlons are oo simphstic and fthat there is “an enormous capacity for adjusting
the use of agrieniiural resources and the food Intake,” (19, pp 41--i5)
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likely to be large enough to significantly affect world market prices; in. effeet,
these countries will confront essentially a perfeetly elastic exporf demand
function. However, berause of poor quality, small volume, and lack of market
experience, prices they receive may be substantially below that receirved by more
traditional exporters.

Liberalization of frade will probably not be sufficient to increase world prices,
nor substantially Increase grain imports by developed countries Trade policies
remain oriented to domestic interests and it is not likely that countries such
as Canada, the Unifed States, and the developing countries will forge an
alliance which wiil effectively pressure the Iuropean Community, Japan, ox
Communist countries to adjost agricultural domestic and irade policies.

Supply in many countries will continue to be profoundly influenced by the
new technologies ¢f dwarf rice and wheat, as well a3 weather. The rate of ex-
pansion of high-vielding varieties will gradually diminish, however, as the
present areas with controlled water snpply become more fully planted.

At the same fime, popuation growth rafes continue to be high and will lead
to substantial increases in cereal requirements. India, for example, to simply
maintain per capita consumption must increase cereal production by almost three
million fons & year. Further, nutrition improvements will depend greatly on
increased incomes. Hopefully the developing countires will be able to translate
the recent agricultural changes into more general economic growth. Their
ability in accomplishing this objective will have an important bearing upon
their import needs . ‘

On balance, the many forces in world markets, as well &5 in the developing
countries suggest that these countries will not find it practical to base their
development plans on grain exports Some countries, of course, may move into
a surplas situation and they will invariably consider exporting at least on a
femporary basis.

EXP4NDING EMPLOTMENT TO MEET POPULATION INCREASES

Tremendous problems eonfront leaders of developing countries in coping with
inereased rural, a5 well as urban, populations. These prohlems will often take
the form of growing underemployment and unemployment in rural areas.

An indication of growing employment requirements is the projection that the
1985 farm population of the developing countries will be 40 percent above the
1962 level, even though the farm population, as a proportion of the total, is ex-
pected to decrease from 65 to 53 perceni (I, p. 6) Xn ferms of India, Nair esti-
mates that.the number of workers in agrieulture will reach 190 million by 1975
compared to 170 million expected in 1970. (18) These prospective increases
in the labor force reflect the sharp reduction in death rateg, especially among
children, experienced in the I950's.

The problem of labor absorption in agriculfure iz compounded by the dis-
appointing growth of industry. India, for example, anticipated in the 1960's that
unemployment wwould increase even with expansion of industrial jobs much higher
than have been reazlized. Therefore, unless industrial growth can somehow be
accelerated dramatically, the creation of jobs in agriculfure will be of uimost
importance to the labor absorption problems of the developing countries.

Because of the limted growth in food production, aggressive policies to increase
employment have been haunted by the risks of inflating food prices Now with
the availability of the high-yielding varieties, the prospects for sustained im-
provements in food production are improved. Thuas, these countries can pursue
policies and programs to expand employment with much more confidence that
the ultimate effect will not be undune inflation but rather improved nutrition and
welfare brought about by the increased demand met by expanded food supplies.

The burden of unemployment will likely fall on those who ave alrendy poor
and farther exacerbate the income distribution problems that are increasingly
evident For example, many rural people have been bypassed by the benefit of
high-yielding varicties. Those in regions without irrigation water have gencrally
not benefited,

Further, increased incomes have not generzlly been passed on to labor, al-
though the new varieties have offer regulted in increased wages during periods
of peak laboxr requirements, such az harvesting, Johnsen wrifes “So far there
hasg been little sharing of the benefits from intensive agrienlture with the land-
less laborers. They are the most neglected group in rural society.” (15, p. 14)

38-612—70——15
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. In the Tanjore District of Tamil Nadu State in Southern Tndia—an area of
exceptional progress in rice production—a serious conflict recently broke out
between landlord: and laborers over wages. (5) These income distribution prob-
lems among regions, and among groups within regions, are bound {o become In-
creasingly sensitive, especially if the number of new jobs does not keep pace
with the number of available workers.

Therefore, cricial questions involve the extent to which 'pelicies can be shaped
to maximize employment while still meeting production objectives. Partienlarly
important are strategies relating to mechanization, irrigation, and agribusiness.

Mechanization end Irrigation

The direct effect 0f most mcreases in mechanization is the displacement of
Iabor However, consideration of only direct effects can lead to erroneous conclu-
sions For example, the high-miekding rices mature in four instead of six monihs
and therefore permit growing a second crop. But often this potential .can-t be
realized unless the ripened crops -can be harvested quickly and the land pre-
pdared immediately for fhe following crop. This often requires mechanjzation.
Some labor may be displaced in harvesting or soil preparation, but growing the
second erop can lead to substantial inereases of total labor requirements through
the year.

Investing in machinery, substantially above the levels that generally prevail In
the developing countries, is not neeessarily’inconsistent with large inputs of laboz.
Human laber in Japan, Taiwan, and Egypt supbly much more horsepowel per
hectare than in India and in Asla as a whole. (Figure 3) But all {hree countries
also have muech more investment in machinery than other developing countries.
Japan’s per acre investments in machinery are among the highest in the world.
The high ratio of human horsepower per acre in these countries is substantially
aceounted for by the widespread irrigation systems along with mechanization
requiring large complementary inputs of labor.

U
= - = = =
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FIGURE 3

HUMAN POWER USED IN AGRICULTURE
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1/ Human Power per 100 Hectares of Arable Land and Land Under Permanent
Crops. Calculated on the basis of 1/15 horsepower per-worher.

Source; '.L‘heEWorld Food Problem, Vol. III, The White House, September 1967,
p. 213, .

These possibilities point up the need to look at questions of developing agri-
culture in a dynamic framework, ‘When considering mechanization we should
not just study the effect of increased agricultural machinery with no ehanges
i other inputs and or in techmnology. Other inputs, as well as technology,
will change and nonfarm employment in related industries (equipment, pavis,
supplies and repairs) will inerease.

Thus, we must consider the potential effect of mechanization on labor ie-
guirements in terms of alternative farming systems. One system to consider
is the widespread growing of high-yidlding varieties on a substantially in-
creased area of irrigated land. This approach may be the best hope in expand-
ing labor requirements in agriculture.

Farmers are apparently very interesfed in more irrigation; adequately
controlled water is necessary to reglize the wyield pofential of the new varieties,
Tor example, farmers in West Palistan installed 2,400 tubewells during
1967/68 and are expected fo install some 7,000 during 1968/69. In India,
the number of tubewells, both wnrivate and state, is increasing at an
annual rate of 41,000 per year. These are ‘supplementing water supplies
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on irrigafed acreage and algo increasing the irrigated ares by about 2.2 million
acres per year. Bleciric pumps are being insktalled At an estimafed annuzl rate
of. 140,000 per year. (28) Thus, one of the significant payoffs of the high-
yielding varieties may be incrensed labor needs in expanded irrigated projeets.

Agribusiness

Development of agribusiness will also influence employment. In the United
States, for example, ttotal agribusiness employment has declined only slightly
despite the rapid movement off our farms. Numbers of farm workers in the
United States dropped 50 percent between 1957 and 1966, but nonfarm agri-
business employment increased 22 percent and total agribusiness employ-
ment—inecluding farm workers—decreased only five percent. (24)

The U.S. experience is with capital-intensive enterprises that the develop-
ing countries should not generally fry to emulate. On the other hand, agri-
business can be developed with  lgbor intensities much higher than in the
United States,

Marketing, deficiencies in less developed natiops take many forms. The
present physical facilities, porticularly for storage and transportation, simply
canngt move needed inputs to farms and.increased farm output to markets
efficiently. Costs are high pnd physienl losses great. Marketing information,
grades, and standards are seriously lacking. {16)

Increased production leads fo larger relative increases in marketings and
perhaps a greater concentration of marketings shortly after harvest. Barker
estimates, that of the inereased rice production on surveyed farms planting
new varieties in the Philippines, 80 pereent was marketed and only 20 percent
was cousumed in the home. (2) (3)

In addition to facilities for drying, grading, processing, and transporting
products to consumers, modern agriculture reguires a vast array of Inputs—
pesticides, credit, fools and machinery, seed, apd fertilizer. Providing these
can substantially increase employment opportunities.

Many QuesHons Remain

Much research is neceded on the employment-population problem; frankly sve
don't know answers to many of these ehallenges. AMueh more attention must be
given to alternative approaches; questions such as the following need answers:

What are the trade-ofls among different farming systems on food produetion,
employment, and economic growth?

What are the effects of different types of irrigation projects om the same
variables?

What are the relationships between mechanization and labor in different pro-
duetion ente1prises? Where are they competitive ? Where complementary ?

To what extenf can public works in rural areas affect employment?

How will policies to increase rural employment affect other problems sueh as
urban health, sanitation, and housing?

«Can research and extension programs be shaped to develop and spread Iabor
intensive technologies in agriculture?

CONCLUDING REMARKS

The problems of (1) relating production and -trade, and (2} expanding em-
ployment present great difficulties. But in a larger sense they are challenges for
both the developing and the developed worlid to bring about fundemenfal and
lasting changes for the benefit of humanity.

The effective rationalization of produetion and trade will be trying and com-
Dlex. Problems of excess eapacity of world markets, demestic prices sharply dif-
ferent from International prices, and artificial exchange. rates~will make ~the
tasks of the 197(0’s-much -more complex than those which have been overcome in
stimulating production. The expansion of employment is equalty challenging
for the speetre of millions unemployed threatens to negate all efforts to improve
economic welfare of these countries. .

Perhaps the greatest challenge in meeting thege problems will be to fuel the
agricultural revolution so that it can be effectively translated in general economic
growth. Such growth will ease the problems of relating production and trade,
as well as the expanding employment, Thus the green revolution ean and should
be viewed a5 a base for further progress.
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How the developing countries respond to these challenzes and how the de-
veloped countries assist in that response will, in fact, determane if the momentum
of agricmitural change will be extended into the 1870°s-or if it will falter, The
outecome will depend on what we do or fail to do in the next few critical years,

: Hopefully the recent breakthroughs will not cloud our awareness of the
challenges of the 1970's <o that, in fact, the green revolution is the beginning of
a series of Gevelopments lending to better nutrition, expanded economic growth,
and more equitable distribution of income,

o

=1
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-SerING -REVIEW OF THE NEW CEREAL VARIETIES IJ;.:PLIGMIONS ¥oR AID
{A report by the Agency for International Development, June 1969)

INTRODUCTION

The Review of the high-yielding cereal varieties was directed at two
questions— .

1. What lessons can be learned for improving specific A I.D. activities in
griculture?

9. What conclusions can be drawn conceriting the relative emphasis among
activities in A 1. D’s future agricultural strategy? -

The present paper attempts to summarize the conclusions of the Review rele-
vant to these questions. The sections which follow contain a general statement of
proposed A.I@. agricultural strategy (Section I) and the findings and recom-
mendations on the major topics covered by the conference (Sections IT-VII).
For each of the topies covered, the essential background nnd agreed facts are
sketclied under the heading FINDINGS ; o second part states IMPLICATIONS
FOR A.1D.

Although the Review focused on the high-ylelding varieties (HXYV) of rice,
wheat, and corn; the discussion was swide-ranging and freguently extended into
general problems of agricultural development. Moreover, some of the matters
digenssed -involved sensitive ‘political issues for the recipient countries. No ma-
terialis excluded from-this summary because of either of these considerations.

- To facilitate consideration of the document, the implications for A.LD. which
have the most immediate significance either for operations.or for prompt study
are marked by an gsterisk.

' I. STGAMARY AND OVERVIEW

- 1. The notable success in increased grain production in the past -eouple of
years demonstrates whib can be geeomplished in IDGC agriculture. Agriculture-
continues to merit top priority in mogt developing countries. The successes in
foodgraing, however, ecall for some shift in emphasis in A.1.D.'s agrieultural
programs.

o The agricultursdl revolution” has been concentrated essentially in spring
wheat and rice, principally in ‘the conntries of Mast and ‘South Asia, and con-
fined almost entirely to areas with ample water supply. Without minimizing in
any way an accomplishment which has eompletely transformed the food prospects
of most of the important food deficit countries, ALD, must take aceount of these
faets, and of the further fact that even in the countries most benefited, the “rev-. - -~---
olution” has directly touched only. a-minority-of the Tarming population Never-

~ - - - = - theless, ih bfeaking the mold of traditional agriculture and demonstrating the
results that can follow fhe introduction of new technology, it has opened the
way to Turther change. A1 D. must seek to capitalize on the ew opportunities for
agricultural growth which now exist.
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3. Experience with the Introduction and Adiffusion of the new cereal variefies
has demonstrated that constraints on agricultural growth are fewer and more
readily overcome than previeusly assumed. This experience indicates that assum-
ing a minimum basie infrastructure the essentials for a marked acceleration in
agricultural growth are: {a) a new technology which offers the possibility of a
significant increase in profits (i.e., reductions in costs per unit of oufput), (b)
the capacity with or without outside assistance to adapt this technology to loeal
conditions, (¢} commitment to a campaign of expanded production at top levels
of the government, (d). a cadre of skilled personnel in the agriculfural sector
whicly, either inside or outside existing institutions, can be alizgned in n campaign
structure. Most of these elements may be present in some degree in 4 given coun-~
try with little effect on production. In this case, supplying or strengthening the
deficient component(s) may produce a sharp rise in output.

4, The Review considered a range of topics—price policy, management sys-
tems, institutions, physical inputs, research, and emerging problems——related to
the introduction and diffusion of the new cereal varieties, The ﬁndmgs on each
of these topies, and their implication for A.JD., ave freafed in the following
Sections of this paper.

5. Summing up the state of affairs in the spring of 1989, it can be said that
agricultural growth in the most populous of the LDCs has reached the point
wwhere famine is no longer an imminent threat; where in some countries self-
sufficiency in cereals production is already in sight; and where a number of new
adjustments will be called for.

G. In considering the problems of the future, it is desirable fo begin with the
lessons learned from experience with the HY Vs, A few basic points emerge as
central. These are summarized below ;

. The ahility of a well-conducted crop campaign, based on 2 new and pro-
ductive technology, to activate important parts of the agricultural sector, and to
mobilize the public and private support necessary to its success.

b. The inereasing meed for wise government poliey, as eereals campaigng
approach their goals. The HYVs seemed to provide a providential means for
escaping the ominous threat of famine and they were seized on eagerly, and
utilized svithout much advance planning, The problems of the fufure will require
more eareful study.

c. The need for 4 continning flow of technologieal innovations, produced by
regearch.

@. The need for an expanding body of trained manpower, on which effective
policy planning, research and institutional operations will depend.

e. The nead for institutions, capable of helping the disadvantaged farmers, who,
for want of knowledge, good land, waier or financial resources, are unable to
respond quickly to new technologies.

These points are developed somewhat more fully in the paragraphs which
Tollow :

+7. In almost all .countries .congidered, the HXY rice and :ivheat proved to he
a powerful innovative force which eompelled & change in traditional agriculture,
They brought new life to moribund institutions—<co-operative, private enterprise
and governmental—and stimulated the development of ad hoe arrangements
where existing institutions were unable to meet felt needs, The single cTop.cam-
pairn has proved a singularly .effective way to “iget aegrienltnre moving.” The
success of these campaigns suggests the -desirability when the opportunity and
basic requisgites are present, of.a conntry focusing efforts on a specific sector of
the agricultural economy.

8. The HYVP is an effective way to Intreduce an element of dynamism in the
agrieultural sector. Once this element is-present, it begins to generate new prob-
lems, and makes even more urgent the development of a coherent sirategy for
rural development, geared to the country’'s own requirements and potential. Few
EDCs have such a strategy, or, indeed, are capable of producing one. For this
type of planning requires competent agricultural economists, and such personnel
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is in short supply among I.DCs. A LD. itself is inadequately staffed in this area,
and moest Missions are unable to provide fivst-class planning assistanee in the
agricultural sector. The Agency needs to strengthen its own competence in this
field and to make better use of the skills of the T.8. universities and other in-
stitutions to provide aid to countries which need and want it. The ultimate
objective, of course, must be to strengthen the competence of the LDC fo do its
own agricultural planning.

9. Recent agricultural growth in the LDCs covered in this review has heen
generated, by new and profitable technologles of eereals production. These tech-
nologies were the product of o chain of scientifie research: the beginningy were
in the institutions and the seientific technigues perfected in the developed coun-
tries; the critical transformations oecurred in twe international research in-
stitutes which mobilized interdisciplinary staffs of high completence, assembled
banks of genetic materials, and used advanced techuigques to produce varieties
suitable to the tropies ond sub-tropics; the final phase was the iesting and
adapting of these new varieties under specifie locol conditions in the individual
L3Cs. Continuing progress in IDC agriculture will require a continuing flow
of technological innovations, much of which, it may be agsumed, will be developed
through similar processes. A.ID, needs a clearer overview of the reseaxrch needs
of the developing eountries, of the variouws institutions which are now helping,
or could help, to meet these needs. It also needs a clearer concept of the kind of
system which will most effectively discharge the dual task of furnishing research
products needed by the I.DCs in the near term, and strengthening the capacity
of the LDCs to do the job for themselves.

10. The performance of the many gkilled functions needed for further agri-
culitural development will require an expanding base of skilled manpower in the
I.DCs. As experience with the new cereal varielies demonstrates, some of fhe
technology can he imported, and the skills essential fo a single crop campaign
can be developed by overseas training. Ultimately, however, the success of AT D.s
programs in the agricultural sector wiil depend on the degree to which they
produce within the I'DOs the capability to organize, stafl, and administer their
ovwn institutions. -

11. The Review revealed that with the powerful stimulus-of the new cereal
varieties, it was possible to improvise a structure to perform the functions es-
sential to their introduetion and diffusion. It cannot be assumed thaf fhis pat-
tern will be repeated when the more complex second generation problems demand
attention. The need for an institutional structure, which includes at least rural
edueation, extension, credit and marketing, is foreseen.

12. Propesals for A.X D. programs made in this paper of course assume that
LDC Governments and importart elemenis of the populaiion want agricultural
growth and the improvement of rural life. 'With such a Government and people
to cooperate with, it should be possible for A.I.D., working with other aid-giving
counfries and institutions, to do moch to accelerate the apricultural revolution,
and to extend its benefits to Iarger parts of the population. The capacity to pro-
duce technological innovations exists; the techmigques for suceessful crop cam-
paigns have.been mastered; means for vitalizing moribund agrieultural insti-
tutions and enlisting farmey parficipation in co-operative enterprises have been-
found. With these assets, Governments can move to a position where it becomes
feasible to adopt policies which expand employment, strengthen rural infra-
structure, benefit inecreasing number of farmers, and contribute £o overall eco-
nomic growth, This is the potertial of the green revelufion; A.L.Th's objective
in the period shead must be to help the L.DCs realize it.

ITL PRIJE POLICY
A, Findings ) o e

The HY-V-experierice has revealed a number.of the characteristies of farmer
response to prices, risk and certainty. That the so-cailed traditional farmer’s
presumed high aversion to risk can be overcome by high profitability, has heen
amply and even dramatieally demonstrated.

The technological quantum jnmp in profitability, under suitable conditions,
was the most significant factor in the adoption and diffusion of the new seeds.
The differences between wheat (or irrigated or in assored rainfall areas) and
rice illustrate this peint. The differenetial suceess with the new rices in favorable
as contrasted with less favorable areas does alsp, Conditions of relative cereal
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scarcity in most of the ecounfries considered reinforeed the technologieal shift
In profitability, and provided further assurance of high market prices.

Governments, offen on A.ID. urging or svith A.LD. acquiescence, adopled
other measures to infiuence relative profitability. By and large, these direct
governmental price interventiong-—nput subsidization and output v ice SuUppOL te—
have been less significant than the basic profitebility of new seeds in the diffusion
of HYV’s That is, rapid adoplion of new responsive varieties has gcenred hoth
with and without input subsidies, and vnder varying types and amounts of
output price support.

Although the record indicates that inpuf subsidies (or fertilizer, pesticides,
credit, water, electricity) were widely used, they were generally thought to be
undesirable by partieipants in the Review. Support for input subsidisation was
iargely confined to early subsidies for fertilizer for twe limited purposes: ko
accelerate the initial adoption ¢f new varieties or practices and to hasten the
Teaching of an econemic scale of production and distribution from new indigenous
fertilizer plants. Renewal of such temporary subsidies was strongly advocated
as soon as the initial purposes were served and before political pressures for
their maintenance becatne too strong The only justification suggested for cou-
tinvation of input subsidies was that they might be used to provide preferential
treatment for low income or disadvantazed farmers if the administiative prob-
lems of differential pr og1ammmg could be surmounted.

The record of experience with output price support is less clear as are the con-
clugions fo be adduced from it. There was recognition that high. permanent
output price supports might, while increasing production of the supported crop,
merely shift acreage or inputs from other crops, not necessarily producing ad-
vantage or resulting in an increase in total agricultural output or income. It was
alsc recognized that continuing outpui price supports above world marvket prices
wwere undesirable.

A strong case was made that ouiput price supports which might have unde-
sirable side effects when unsed as an incentiwe for one or several crops, could
provide desirable insurence against the risk of a deep price drop consequent on
a sharp rise in production. (There was not much analysis in the crop papers,
nor discussion at the Review, of tlie corollary role of stocks acquired under price
support programs when production was high as a buffer against subsequent low
production).

The use of output price supports for stabilization purposes was recognized as
a valid and prohably necessary way to avoid wide uncermninty regarding future
market prices, thus eliminating or tempering one of the major risks the farm
enfrepreneur faces. While majority opinion supported this view and its con-
commitant moderate (“not high") price support policy, there was 10 consensus
cn whether the support price needed to be established before planting {as A.T.D.
lhas usually esponsed for “incentive” purposes) or merely before harvest.

The trade-offs are: farmer uncertainty of harvest prices if support prices are
not announced early, versus allowance forr *'some” decline in market prices if a
zood vield is secured. The advaniages of lessening farmer uncertainty are obvi-
ous The advantages of permmitting a moderaie decline in market priceg are:
aveidance of undue burden on the public budget and the allowance for con-
trolled secular declines in price if productivity confinues to rise. Qne country
crop experience (India-wheat) demonstrates an effort to do boti; a low sup-
Trorl price (still profitable vwwith HYVs) was announeed pre-planting, and a higher
procurement price—supporting fhe market—has been announced just before
harvest.

While pnce stabilization pr:uhmes were genernlly considered necessary, and
“Incentive’” prices possible Justified in some cases and for limited periods, it was
recognized that any system of price support involves an administrative burden.
It was further recognized that Jess developed countries characteristically lack
highly developed administrative systems.

B. Implicetions for AI.D.

The powerful consequences of technological advairce on farmer incentives, and
the implications for research are discussed in VI. below. Other guidance for
A.ID. which emerged is that:

1. ATD. should not in general sponsor or support input subsidies except
where ther are clearly meeded #& -inducements and are clearly temporary, or
{perhaps) if they ean be so structured as to hare a positive effect on disad-
vantaged farmers or areas.
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2. A LD. should in general advise against high, continuing out;gut price sup~
ports, except where their alloeative effects (shifts in acreage or in input use)
have been analyzed and found clearly desirable, and the administrative problem
tolerable.

*3 AID. should sponsor the development of tailored price support policies
and organizations which will provide advance assurance (either by advance
annonncement or by earned confidence in governmental policies) ﬂgainst sharp
price drops, while permitting relatively smooth secular price adjustments in
tandem with productivity changes.

4. A.1D., clearly, will need to tale account of the admiristrative competence
of the Govenment in considering the practical measures the country concerned
should be advised to adopt fo give effect to these abjectives.

5 A.LD. must increase its in-house capability and the outside competence
available to it on contract to analyze the complex of ecenomie, political, and
administrative factors involved in the above recommendations .so that the
Ageney’s ahlity to advise, correctly and persuasively, is enhanced.

- L MANAOEMENT SYSTEMS
A. Findings

All the XITV countries covered in the Review mobilized exceptional teams of
men and institutions to carry oub crop campaigns. In India and Pakistan, two
01 more crop-campaisns were organized without significant AL.D. administrative
partieipation and carried on simultaneously. In Turkey, Vietnam, and the I’hilip-
pines single erop campaigns were designed and implemenfed with A.I.D, assist-
ance The activating force behind all of these campaigns was a firm resolve by
the Government to clear traditional bureaucratie hurdles and make the neces-
sary administrative and financial commitment to reach the target. The Missions
report that such support was essenfial to sueccessful propagation of the HYV
progeams. It is noteworthy that wherever this support from top Government
leaders was provided, its effects were streng and positive. Further, political bene-
fits to the LDC Government frequently accompanied the increased harvest

Blost of these crop campaigns had some quantitative goals—total production to
be achieved or fotal acreage to be covered. They all focuged on velatively limifed
areas of high potential productivity. They all made an effort to provide individual
farmers with the information necessary to grow the crop suceessfully. There was,
in all cases, an adequate incentive to tle farmer—in ferms of the balance of
input/output prices—to energize him to participate actively in the campaign.
Where these elements were present, an extraordinarily rapid diffusion of the new
varieties took place.

In at least two countries—Torkey and Vietnam—a mere systematic effort
was made to schedunle the provision of key inputs of technienl informatfion and
maferinl on a precisely caleulated time-phased basis. In Vietnam a fuli-fledged
PERT system was developed during the second crop season to provide betfer
control over the IR-8 rice production program. USAID officinls insist that these
advanced programming and implementation systems improved the Government’s
control over the crop campaign and contiibuted to ifs success, Thelr arguments
are persuasive, although there is no quantitative means to measure the contribu-
tion and seemingly comparable successes occurred in other ¢ountries employing
less elaborate technigques.

Any system, of course, must be built on the already existing institutional struc-
ture, angd should reflect the judgment of those who know fhe strengths and weal-
nesses of the institutions involved. The effective Implementation of ¢rop campaigns
and advanced scheduling systems would appear fo depend upon the avail-
ability of a number of factors which some of the less advanced countries do not
possess, The prerequisites include (1) a reserve of skilled persennel to draw on.
{(2) an-institutional ‘base sufficiently articulabied yet fiexiblé to be zalvamized
into a national campaign, (3) input/output price relationships which made
adoption of the new crop technelogy an attractive propositioh for the farmer, in-
cluding administrative action to minimize the risk of price declines resulting
from a rapid increase in cutput and (4) a firm commitment to a campaign at the
highest level of govermment. Where these prerequisites are satisfied, A.I.I}. has
demongtrated the ability to effectively supply the missing management tech-
nology to suppert the initial takeoff. In these circumstances, erop campaigns may
be a highly useful instrument and serve to enevgize the entire agricultural see-
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i
tor. But the ultimate decision to institute such a eampaign depends of course on
the economic argument for rapid boosts in production of the target exop.

B, Implications for AI.D. -

*1. The prineiples and fechniques of erop eampaigus should be more systemati-
cally studied by A.LD., and the methodologies suitable to countries of different
levels of administrative competence should be defined Additional personnel ghould
be trained in thege fechniques, and the provision of consultants may be called
for. Professional training in agriculture is not indispensable for the tep leader-
ship in the effective management of crop campaigns.

*2 A.LD. should encourage crop production campaigns in food deficit coun-
tries where the mecessary pre-conditions described above exist, where rapid in-
creases in the single erop would have high returns and would support the general
development program, and particularly where such a campaign seems likely to
energize other parts of the agricultural sector.

3. A.1D. should encourage the LDC to adopt the advanced programming sys-
tems only if the Government has the degree of administrative sophistication,
statistical coverage and trained analytical strength to make them work. A judg-
ment must also be made concerning where the marginal returhs of increasing the
sophistication of the system cease to Justify the marginal costs involved. Many
countries are markedly deficlent in the resources they can mobilize for such an
undertaking and large teams of A.I.D. managerial talent to perform these gervices
is not a 1ecommended alternative. However, this approach can be encouraged
where 1t seems possible that necessary improvements could be made by the train-
ing of local personnel and the provision of a reasonable amount of technical as-
sistance, The decision as to whether to initiate o erop campaigo should be made
on the basis of, the Mission's assessment of the will of the Government and the
probable ratio of benefits to costs.

4. The direct involvement of an A.LD, Alission in a crop production campaign
may require some regrouping of tasks and reallocation of Afission personinel.
There st be arrangements which produce quick decisions and mobilize forces
where they are most needed to break bottlenecks and eoniribute to the smooth
operation of the system.

5. The extent to which Governments will be required to discharge fuhetions
in the erop campaign nwill depend on the strength and effectiveness of the private
sector. In most cases, it is desirable that the private sector perform a wide range
of tasks, from the distribution of fertilizer and seeds to the marketing of erops,
for the more such services are provided by the private seetor, the lighter will be
the burden on Governmeni adminisfration. The role of Government in o coun-
t1y where the private sector is opernting well can be largely confined to providing
information, monitoring, and performing compensatory functions—i.e., inter-'
vening when the job is not satisfactorily performed by the private sector. An
almost universal problem is the cost of these services. The services may he more
efficiently performed by private enterprise but the provision of the essential in-
frastructure for seed and fertilizer distribution and for marketing is for the
most part 2 responsibility of Government. The existence of o responsive privaie
sector is 0f course essential $o this division of labor, but in most countries Gov-
ernments tend {0 underestimate their private sector’s capacity for action A.LD.
needs fo work barder on opportunities for private participation and on encour-
aging it And A.ID. needs to know more about the costs of distribution and mar-
keting, and how to reduce them.

Iv. INSTITUTIONS
A. Findings

No one group of Government institutions proved fo be indispensable to the
gnecessful introduction of the high-yielding varieties in all countries considered.
The availability of well-trained fechnicians, and of a flexible and popular rural
institutional networlk capable of alignment in a campaign structure, were essen-
tial, @5 were a capacity for adaptive research and a procurement authority, Ex-
tension played a decisive role in @ few countries: elsewhere diffusion of prac-
tices proeeeded rapidly regardless of the quality of the extengion service. The
lack of institutionalized credit doesn’t appear to have glowed the early diffusion
process, especially in the wheatl areas. Finally, in most places, co-ops and com-
munity development had little observable effect. Cerfain funciions, such as the
dissemination of knowledge, the distribution of seeds and fertilizer, ete., had
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to be performed, but on balanee the precise contribufion fo the discherge of
these functions of formal and iypieally laboriously created institulionelized
serviees is unimpressive.

It is probable that the HXVP* is an inadequate measure of institutional sue-
cess It is also probable that the contribution of traditional institutions will
beeome increasingly significant with elapsed time, both in expanding the IXVP
and in dealing with second and third generation problems. The evidence seems
to indicate, however, that, given a significant, tested, technical breaktlhrough to
exploit, and an effective product demand, a successful production campaign can
be mounted with less explicit attention o formal institutional underpinning than
heretofore thought necessary.

Distinguishing among three types of institutional management helps to or-
ganize another set of lessons of the HY V experience, There are (1) the traditional
government institutions, including rural and prefessional edueation, research,
extension and credit; (2)-private enterprise operatingtin the agricultural service
sector—e g., BSS0, the Eenya Seed Company and other fertilizer, machinery,
insecticide and seced producers and distributors; (3) farmers’ co-operative insti-
tutions, which make collective decisions for farmers at the village (machine
pools, fextilizer distribution) or multivillage (water supply, drainage, pest con-
trol) levels. Private enterprise offers a frequently unrealized potential for re-
ducing the hurden on governmental services. YWhere profits are clearly indieated,
as they have been in the HEYV areas, private enterprise has been quick {o exploit
opportunities, provided the elimate for individual initiative has been favorable.
Similarly. co-operative ingtitutions have mushroomed spontaneously in certain
HYYV areas, once their functional utility was demonstrated. Both private enter-
prise and eo-ops offer alternatives to government service. but of the two the
former seems to be more readily responsive to deliberate government induce-
ments and ean be expected to play a leading role in diffusing future technologieal
bregkthroughs. Everywhere, however, the increased services required by the
HYV’s are stimulating the creation of new institutions as well as the revitaliza-
fion of old ones.

B. I'mplications for A.LD.

Some caufion is advisable in applying the lessons learned in HYV campaigns
to agricultural development in general. The results obtained were abnormally
profitable and the nrge to share in the profits an unusually powerful stimulus.
Although the contribution (or lack of contribution) of individual institutions to
HYV eampaigns should certainly be taken into account in planning programs to
support agrieulfural institetions it may not be a fully, satisfaetory indieation of
their worth in other sitnations. On the basis of experience with crop production
campaigns, it is not possible to conclude that the building of any particular set
of institutions will automatically resulé in increased agricultural production.
There are indications, however, that the availability of a responsive insgtituticnal
i}lglse ishprobably essentinl for the fullest exploitation of any technological breal:s-

rough.

¥1. Pending the development of further knowledge of the eifect of diiferent
types of institutions over time, A.L.D, should as a first priority concentrate its
institutional building efforts on tbose institutions with 4 clear multiplier effect,
le, res¢arch and professtonal agriculttural educelion. The land-grant university
iz nn appropriate (but not the only) model, if suitably adapted to local econditions.

*2, Insgtitution building takes time. Creafing an agricultural university aud
bringing it to the point where with indigenous personnel it can underfaKe ad-
vanced agricultural education and research is inevitably a long-term project.
A.TD. needs to develop procedures which will help to assure the conkinuity of
effort essential to tbe sueecess of such undertakings. o -

8 ALD should seek to identify more precisely the éharacter aud timing of
the contribution of different institutions, e.g., extension of precise technieal in-
formation on the HYV package of practices was essential to rapid diffusion, but
the established coiension service was only one of several agencies which per-
formed this role The importance of credit in the BYVP has not been clearly
demonstrated. In Pakistan and India the lack of institutional credit appears to
have had Iiltle significance, In Turkey and the Philippines-credit is reported to
bave been an integral part of the program,

1 High-yiclding variety program,
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4 Paragraph 3 should be read in the light of the general observation which
introduces this seetion. The HYV campaigns were unigue in the agricultural
experience of the LDC's, and the extent to which they can be duplicated in other
parts of the agriculfural seetor will probably depend on the availability of addi-
tional technological innovations of comparable simplicity and proftability. Liven
1n the HYV campaigns, a more effective extension service and more widely avail-
able credit might have accelerabed the diffusion process. If the conclusion of many
at the conference is correct—that the next step in agricultural development
should be crop diversification and an intensified effort to reach the smail former—
extension and credit institutions may wwell have a significantly greater role fo
play. - :

5, BExperience with the HYVs demonstrated that ¢o-operative action is readily
achievad when the benefits of such action are apparent to the farmers concerned.
ATID. should take account of this demonstrated faet in planning its programs,
and should investigate the potentialities of alternative systems of providing
services and of broadening farmer participation in those areas where the HYV's
are creating the possibility of institutional evolution and innovation.

G. A.ID, should endeavor to encourage a greafer role for private institutions,
partieniarly those of the LIYCs, in performing essential services In the agricul-
tural sector—whenever it appears that these institutions can lessenr the burden
. on over-taxed govermmentnl institutions, and/or provide the necessary service

with greater efliciency.

7. The high-yielding varieties program served to test the availability and re-
sponsiveness of the networl of national institutions. Their response to the test
ghould be evaluated, and serve as a guide to further programs of institutional
improvement. In addition to the emphasis on research and professional agricul-
tural education menticned in paragraph I above, A.ID. should encourage in-
creased participation of the private sector, for the reason stated In 111 B §. Under
certain conditions support of ofher institutions may be desirable:

a. Extension and eredit, to help disadvantaged farmers adopt new tech-
nology, and,/or to assist in promoting diversification.
b. Co-operatives, when they have a clearly defined objective and o useful
role to play.
V. MAJOR PHYSIOAL INPUTS
A, Findings

The so-called high-yielding warieties might be more accurately described as
the highly responsive varieties. In response to inereased applications of fertilizer,
with accompanying protective materials such as insecticides, fungicides, herbi-
cides, and adequate water supplies, they produce yields which greatly exceed
those of native varieties,

Overall fertilizer use in the couniries covered hy this study is expected to grow
at the compound annual rate of hetween 12 and 20 per cent. Increases on acreage
planted to high-yielding cereal varieties will be greater.

Fertilizer costs in the IDCs are high—both for imports and for locally pro-
duced materials. Imported materials can be purchased economically in o number
of developed countries, but the cests of transport and distribution greally in-
creases the price. Production from.local plants is frequently inefficient.

Possible sourees of supply available to the LDCs also include intermedinztes.
Numerous and complex factors enter into the ealeulation of the most economic
means for a particular counfry. Inm general the rule of thumb is: imports of
finished materials when daily requirements are less than 100 tons of P.0s and 200
tons of N; intermediates where the daily requirement is 100-300 tons of P.0s
and 200400 tons of N; intergrated production from raw materials to finished
product may be justified where daily requirements exeeed these rates, )

The HYYV wheat varieties reqguire planting at precise depths, and for this pur-
pose mechanical drills are important. A good ease can be made for machinery
which will speed the harvest and thus facilitate multiple cropping. However, under
the conditions of unemployment and underemployment which characterize most
developing eountrieg, the utilization of machinery which will displace lahor should
be discouraged

The HYV's have heen confined predominanfly o irrigated areas, plus a rela-
tively small acreage which has an assured supply of rain. This will doubiless
continue to be the ease, and the spread of-existing varieties of wheat and rice
1vill probably be'limited to sich areas.
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The lack of adeguate water (and ineflicient management of available supplies)
is a serious cgnstraint on general agricultural development, and severely limits
the spread- of the high-yielding cereal varieties. Looking ahead a decade or so,
it iz Tikely to be the most serious constraint on agricultural development. The
problens are of three sorts—

1. There iz grossly 1padequate knowledge of the interrelations of soil, water
and plants in most of the LDCs. A substantial volume of additional research is
needed, mmuch of it location specific. v

2. Aditional water which might be supplied is either untapped underground,
or wasted as ran-off. There are-still vast untapped underground resources in the
Indo-Gangetic plain, which could be reached by tube wells, thus expanding the
area of irrigated land. Much of the rainfall in rain-fed areas (which constitute
Irom G0-80 per cent of the arable land in the LDCs), which could be channeled
into catehiment areas, is simply wasted.

3. Water which is made available by irrigation works, or by rainfall; is-wasted -
by poer mapagement. In the flat areas of the irrigated plain, wwaler-logging
and salinify are constant problems, and they are seldom effectively dealt with.
The real potentinl of irrigation as a mecans to multiple ciopping is largely
unrealized. Trrigation systems which flow water over entire plots from the
highest to the lowest are wasteful and fail fo deliver to each farm the volume
of water it requires. Rain-fed areas could be made vastly more productive by
small dam construction, improved contouring, water spreading, ete. -

B. Implecations for A.I.D.

1. The materials developed in the Review are consistent with the ALD.
fertilizer poliey set forth in P.D. 41, which should continue to be applied.

¥2, A LD, should endeavor to discriminate in the types of farm machinery
it finances, and concerning which it advises the Government of Host Clountries,
Certain machinery is essential to proper planting, or to a rapid harvest which
facilitates multiple cropping, and the accomplishment of these purposes is clearly
desirable, However, machinery which serves merely to supplant hand labor is
probably not socially justifiable in most LIDCs. Admittedlr, in many cases, this
principle will not provide adequate program guidance, but one practical conecin-
sion emerges: subsidies or other special inducements for the import or -manu-
facture of machinery likely to supplant significant numbers of laborers is
unwarranted.

3 A.LD. should encourage a substantial increase im research on the inter-
relationg of soil, water and plants. Much work is needed to make potential
water supply available, and to improve the management of available supplies.
Programs which support Agricultural Universities and other loecal research
institutions should aim to inerease the capacity of these institutions to do re-
search in these areas and to produce graduates skilled in water manggement—
ie., control and allocation at the source as trell as on-farm use.

*4. AID. Missions should encourage host Governments to adopt policies and
practices which maximize the utility of 'available water supplies, to instruct
farmers concerning desirable water management practices and to stimulate
co-operative village action in applying them.

3. As the use of pesticides becomes more widespread in LDC agriculbure—a
development which is now accompanying the diffusion of HY Vs A L.D. will
need to eoncern itself with the problems they create.

vi. BESEARCH
A. Pindings

Continued growth in agriculture depends on a continaing flow of new technol-
ogy which can only come from adequate resenrch,

The ability of seientists 40 manipulate the genctic structure of Plants hag been
applied fo problems of food production in the tropies and sub-tropics only in
recent years. The success of IRRI in produecing IR-—8 within a five-vear period
demonstrafes fhe remarkable breakthroughs twhich may be fccomplished twwhen
competent inter-disciplinnry teams are mobilized to concentrate on the achieve-
menf, of specifically defined objectives Although some progress has been made in
widening the knowledge base and increasing the research capacity of the develop-
ing countries, the evidence is clear that for the foreseeable future the scientific
structure in the IDCs will be inadequate to perform the total task required for
sustained agricultural progress. Simultaneous action on twe fronts is required ;
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&. The competence of the DS, themselves, to earry on agricultural research
must be progressively improved, and the ultimate objective should be to bring
each counfry io the highest level appropriate to its size, resources and agrieul-
tural problems

b. The dediciencies in scientific competence so common throughout the develop-
ing world must be compensated for, to the extent possible, by the importation
of materialy and skills, The mass of the world’s scientific skills iz now concen-
trated in the developed countries, in universities, research stations, foundations,
the private seetor, and these skills have not as yet been fully mobilized to provide
both external assistahee and fo strengthen indigenous instifutions and eapabili-
ties. (The provision of scientific skills and improved materials to the LDCs by
institutions in the developed countries, incidentally, can serve other than purely
allfrmstic purposes. The research capabilities of these institutions and their
teaching competence may both benefit from involvement in the problems of
the ILD{Cs )

Some immedigte improvement in many LDCs could be achieved by the more
effective use of manpower already trained and available, but ineffectively utilized
because of poor organization and being spread too thin through too many institu-
tions. A long-term solution calis for an increase in the fotal number of smentzﬁ-
cally trained personnel.

Among the subjects which merit priority research attention are:

a. Further adaptation of existing high-vielding rice varieties to specific
locations : there is a less acute need for similar work on spring wheats, but
back-up strains are needed. Winter wheats and durums suitable to the high
altitude sub-tropicg need to be developed. .

b, Improvement of cereals for non-irrigated areas,

¢. Cropping systems for the humid tropics.

d. Tmproved knowledge of soil fertility, plant structure, diseaze and insect
confrol

e Irrigation, drainage, and other problems of water management,

f. Vegetables and legumes.

g. Technology of food processing adapted to LDGC capability and market
potential.

B. Implications for A.I.D.

*], It is clear that there should be & significanily greater investment in
research on problems of agricultural development in the I:DCs, and on creating
additional LDC capability to do research work. This will require a substantial
inerease in budgetary allocations to agricultural research in many LI¥0s, and &
material strengthening of institutions capable of providing advanced training in
the agricultural sciences. It will also require a considerable inerease in A LD.s
own hudget for the support of agriculturzl research and for assistance to the
building of institutional competence in the TDCs.

*2, Further work is required on wheat and rice for dryland farming, and
additional improvements should be sought in corn, sorghum and millets. A con-
certed effort should be made to develop a4 profitable fechnology for the disad-
vantazed farmers of these areas, comparable to the HY Vs developed for areas of
assured water supply.

3 The question of A.LT:'s ability to stay for the long pull required for the
ultimate achievement of long-term research goals, and to support institutions
designed to contribute to these goals, has been raised in conneciion with the
support of agricultural universities in the LDCs and needs to be raised again
here, The Agency has supported certain LDC agricultural universities for more
than a decade; has engaged some U.8 universities in research over a span of
years; and hﬂ.s given letbers to both IRRI and CIMMYT stating the intent fo
contmhute to these institntes on a confinuing basis. Thus, the Ageney is not with-
out instruments to strengthen its commltment to Iong-term institutional develop-
ment, and should make full use of them in the future.

*4, Greater stress in A LID.-financed projects should be placed on building more
research and service capabilities into LDC nniversities and other institutions :

a. Consideration should be given fo the development or arrangements which
will permit continued collaberation on research projects between U.S. and LDC
institutions affer the TDC institution *comes of age™ and ceases to reguire con-
tinued support.
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b In strengthening local research competence, A T.D. should, where conditions
are propitious, assist LDCs in reorganizing their research eapacity to greater
effect. Quality of research ig likely £0 be more important than quantity.

¢, To inere¢ase the sum-total of LDC capacity, more advanced training of per-
sonnel is also reqgnired, most notably the agrieultural universities (See IV. B.).

3. When A.ID. considers phasing out the assistance program in a couniry
which is reaching a position where general coneessionary assistance is no longer
Justifiable, spe(unl attention should be directed to the stage of research capability
achieved, and there further assistance is required to bring agrieultural research
institutions to 2 state of maturity, means should be sought to accomplish this
purpose.

€. In seeking to improve the input of gkills and materials from the developed
world, obviously A.I.D. needs to start from the base which already exisis and
to go on from there. Steps clearly indicated are the following:

*a. Support and strengthen international.research centers, particularly in their
capacity to-assist-the LDCs solve production problems and to provide training to
nationals of these countries.

*b Continued support: for centers of excellence on 2 long-term basis in the
United Sfates—both in the U.S. government insiitutions and in the Land-Grant
universities. (A nucleus of such center$ supported by A.LD. already exists. A.LD.
depends on TVA for its basle work in fertilizers, on the USDA for economic
analysis and for ceriain genetie work. Contracts already exist with a number
of Land-Grant universities—e,g., Purdue in corn and sorghum, Nebraska in
wheat, Mississippi in geeds).

c '].‘hele are other developed countries and international bodies whlch have-

capabilifies in this area, and are prepared te contribuie. Wherever possible, A.LD.
should encourage such participation, with the object of helping to promote 2 net-
work of relationships among the various institutions around the world which are
involved in related tasks.

*7. Property to encourage and support research will require impreved profes-
sional competence for A.I.D, This can be done in large measure by uge of TUSDA
versonnel and consultonts, but it is also essential to have some strengthening of
A.ID.'s own in-house eapabilities.

*8, The Agency needs 2 clearer overview of the research needs of the developing
countries and of the networlk of institutions which can most effectively meetthese
needs. The development of a framework for wise decisions concerning the in-
vestment of additional research funds is needed., The possibility of performmg
thig task in co-operafion with the Foundations and other appropriate organiza-
tions—mnational and infernational-—should be examined. The objectives of this
review would be to determine—

a. what needs most urgently to be done by external research institutions
{(i.e., those not part of the LDC system) ?
b. how should these tasks be allocated ?
L ]g.c}hgw can resulis achieved be more effectively tied into programs in the
57
VII-A. EMERGING PROBLEMS: COEREAL SURPLUSES
A, Pindings

The HYV program has demonstrated the feasibility of overcoming defieits in
cereal productwn in Asia. Similar evidence applieable to other regions is avail-
able. But inereases in rice and wheat production d¢ not solve the problem of
protein deficiency. In fact, b0 the extent that the cereals are planted on land
formerly used to produce legumes they may even agegravafe the problem

Ag the HYV program expands, the potential for surplus produetion emerges,
and with it, the need for assessing its effects. Comparative advantage is a better
criterion than self-sufficiency, but the latter provides a convenient benchmark.

A few favored LDCs may iock forward to a ‘cereal export position, However,
the highly compétitive nature of the international cereals market and the com-
parative ddvaniage of some countries, mostly in the developed world, will limit
this option for miost LDC’s. Sulpluses created under the stimulus of high price
supports of subsidies are unlikely to find outlets in A highly competitive export
market. Supply disequilibrium among crops is likely to result from over- stlmula-
fion of a few.

WWith the inereased yields afforded by EYX¥ Vs, a smaller total acreage will be
required do meet the country’s cereal requirementis, even assuming-an inerease in

"
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effective demand for cereals. Given the anticipated limitations on the export
market for cereals, it will be necessary to find alternative uses for the acreage
thus freed. This development will facilitate desirable diversification fo other
crops and into poultry and animal production.

B. Implications for A.ID,

1, Before deciding to support expanded production of a particular food crop
in a particular DO, ALD, should consider the following questigns:

a. Is the cvop now (or conld it become), an important element of the loecal
diet?

b. Is production already seriously below effective demand, eor is it begin-
ning to lag significantly behind the rate of population growth?

e. How is demand likely to be affected by rising income and population
growth? (‘The effect of high elasticity of demand for food with rising incomes
in the LDCs has not-always been acenrately assessed in the past. A.1D. needs
better data and more accurate analysis in this area, in order to permit
effective planning.)

d. Can production be increased at lower rather than higher costs?

-2. As countries move towards self-sufficiency in cereals produetion, A.ID.
should seek to stimulate progress in the following areas :

a. Agricultural diversification, to provide a basis Tor internal ¢ensumption pat-
terng and, where comparative advantage ¢an be developed, for export income.
There may be possibilities Tor poultry and animal production in some ¢ountries
which should not be overlooked.

b. Development of the market, to expand sales and facilitate diversification
Relief of chronic foed deficits will make it easier for the couniry to reduce the
prices of cereals, to follow an expansionary employment policy through publie
vworks which are Iabor intensive and provide infrastructure for the agricultural
gector, or to take other income distribution measures leading to increased food
demand. .

e Nutrition educetion, to play an increasing role in stimulating national de-
mand for higher qunality food and the agricultural diversification needed to meet
the demand. - '

d. Development of ‘agri-business, to encourage the processing of cereal prepara-
tions and of other products of 4 diversified agriculture and thereby expand the
consumer base, as well as provide increased employment and ineoines. .

2. Broadened' parfieipation by small farmers, both in production "campaigns
and in general increases in agriculinral seeter income, should be a continuing
precceupation, Initial response to the HYV is normally among the more alert and
advanced farmers. Broad involvement by the less forfunate must be engineered
befors self-sufficiency is achieved or the resuliant market squeeze will probably
worgen rural poverty. 3

VIF-B. EMERGING PROBLEMS : BOCIO-POLITICAT. EFFECTS
A, Findings

The introduetion of HYV in the countries studied has increased wealfh, and
in most cases probably increased employment. But in some regions it has in-
creased income disparities, within fhe region, and it has accentuated the dis-
parity betyeen fhe more productive regions with good soil and adeguate water,
and those not so well endowed.

‘These are problems which can now be readily seen; in some cases they vere
doubtless anticipated. Perhaps policies could have been devised which wonld have
tended to widen the benefits and diminish the disparities which resulted from
HYV intreduction. Even in retrospect, however, it is not obvious what these
policies could have been, given fhe social, economic and political environment in
which the programs had to operate. Certainly a policy of seeking to mainfain an
equally shared poverty was nota desirable alternative.

The problem of the late adopters in favorable regions and the farmers in dry-
land areas—who together make up about 70 per cent of the agrieultural popu-
lafion of the IDCs—is serions. Diffusion can and should be widened in favored
areas by improved extension, improved credit, and perhaps stronger incentives.
But there are obvious Limits to such remedinl action—those fixed by the bound-
aries of the favored lands, and those set by the amount of cereal the market
can absorb. For the farmers of dry lands, to which irrigation cannot be brought
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at.an economic price, research on dry-land erops nltimately permit their produe-.

tion of a larger share of food grains, as irrigated lands are progressively shifted

to higher guality foods. But there'is no short-term solution in sight. One of the

major problems is the difficulty of tapping the profits of those who have bene-

., fited most from the agrieultural innovations. The budgetary resources of most
LDCs are severely limited and their problems will grow more fcute with the
dwindling away-of contributions from PTL, 480. Public necessity as well as simple
considerationg of equity require that means be ‘found for funneling part of this
newly erented wealth into the stafe treasury. A solution of this problem might
facilitate progress in leveling disparities and improving the lot of the dis-
advantaged.

Stresses and straing will:continue, and pangceas are unlikely to be revealed by
generilized social science research. These socio-political problems fend- to be
highly lo¢ation specifie, and their solution will depend primarily on the sensitiv-
ity of loeal politicnl leaders., Thotgh A.LD.:finaneed research in social secience

. may.help these.leaders-fo-anticipate problems and tofind solutions, "it cammot
supply sensitivity where none exists,

B. Implications for AT.D.

1. ALD. should encourage LDC policies svhich—

a. Channel jpart of the profits of farmers most advantaged -by introduc-
tion .of new varieties into productive enterprise and the public treasury.

'b. Use resources to .construct infrastrueture which will tend to benefit
smaller farmers.

¢, Provide extension and,perhaps credit in 4 manner to promote-diffusion
among later adopters. -

d. Provide more jobs .in rural areas, eg., by elcouraging labor-intensive
types. of agriculture, food processing and other rural-based labor-intensive
industry, and rural public works. (As indicated in VII..B. 2-b, significant ad-
ditions to the food supply should facilitate the adoption of expansionary
employment policies.)

e. Do not promote the adoption .of labor-saving machinery .(for example
by, making the impert or production of such machinery aktractive).

2. Bueccess in persuading host countriesto avoid providing special inducements
to use labor saving machinery (V. B. 2.) and support of .an-infensified research
effort on @ry-land erops (VI.'B. 2) ivould help to Jiminish.sosio-political strains.

3. ALD. should furnish assistanee to those ,governments wlileh desire .to

undertake research cn the socio-political éffects of introducing new .agricultural

technologies.

O
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