
.APOSIUM ON SCIENCE AND FOREIGN POLICY 

-THE GREEN REVOLUTION 

PROCEEDINGS
 
BEFORE THE 

SUBCOMMITTEE ON NATIONAL SECURITY
 
POLICY ANI) SCIENTIFIC DEVELOPMENTS
 

O' TRB 

-COMMTTEE ON FOREIGN AFFAIRS
 
HOUSE OF REPRESENTATIVES
 

NINETY-FIRST CONGRESS 

FIRST SESSION
 

DEOEMBER 5, 1969
 

*
 

U.S. GOVERNMENT PRINTING OPPICE 

-38-612 WASHINGTON: 1970 

.1' ii. 
'~:c. 

P<~r 1.~gG iTS 

jharold
Rectangle

jharold
Rectangle

jharold
Rectangle



-t 
4 i . . -

COMMITTEE ON FOREIGN AFFAIRS
 

THOMAS E MORGAN, Pennsylvania, Chairman
 
CLEMENT 3. ZABLOCKI, Wisconsin R. ROSS ADAIR, Indiana 

-WAYNEL.HAYS, Ohio .WILLIAM.S:-.ALLTjTARDCalifornia -U 
L. H. FOUNTAIN, North'Carolina PETER H. B. FREIIJNGUITSEN, New Jersey 
DANTE B FASCELL, Florida WILLIAM S. BROOMFIELD, Michigan 
LEONARD FARBSTEIN, New York J. IRVING WHALLEY, Pennsylvania 
CHARLES C. DIGGS, Jn., Michigan if R. GROSS, Iowa 
WILLIAM T. MURPHY, Illinois E Y. BERRY, South Dakota 
CORNELIUS E. GALLAGHER, New Jersey EDWARD J. DERWJNSKI, Illinois 
ROBERT N. C. NIS, Pennsylvania P. BRADFORD MORSE, Massachusetts 
JOHN S. MONAGAN, Connecticut VERNON W. THOMSON, Wisconsin 
DONALD V JFRASER, Minnesota TAMES G. FULTON, Pennsylvania 
BENJAMIN S. ROSENTHAL, Now York EAULFINDLflY, Illinois 
EDWARD E. ROYBAL, California JOHN BUCHANAN, Alabama- -
JOHN C. CULVER, Iowa ROBERT TAFT, Jn, Ohio -

LEE I. HAMILTON, Indiana SHERMAN P. LLOYD, Utah 
JOHN V TUNNEY,.California T. HERBERT BURKE, Florida 
ABRAEAM KAZEN, JR , Texas WILLIA~ltV. ROTH; Sin, Delaware 
LESTER L, WOLFF, New York 
JONATHAN B. BINGHAM, New York 
GUS YATRON, Pennsylvania 

BOYIECRAWPORD, Staff-Adninistrator 
ROY J BULLOC, SeniorStaff Consultant 
ALBnRT,0- F IVESTPHAL,.Staff Consultant 
FRANKLIN T3SCHPn , Staff COnsMUtant 
HARRY C. CROMER, Staff Consultant 
PHILTPE. BILLINGS, Staff Consultant 
MaRuN A. CzARNEcKI, Staff Consultant 
AlELI IN 0. BENsoN, Staff Consiltant 
EVDRETT E. BERMAN, Staff Consltant 
Jo1 X. BRADY, Jr, Staff Consultant 
JOHN H SULLIVAN, Staff Consultant 
RoBnaT,. BowDN, Glerical Assistant 
JuEm Niun, SeniorStaff Assistant 
H&LEN C. MATTAS, Staff Asastant. 
HELEN I, fASHAGEN, Staff Assistant 
LOUIsE O'BRIEN, Staff Assistant 
DORA B. MCCRACKEN, Staff Assistant 
JEAN U. SMITH, Staff Assistant 
NANCY C. PEDEN, Staff Assistant 
PAULA L. PEAK, Staff Assistant 

SUBCO6MITTE ON NATIONAL SECURITY POLICY AND 8CIENTIFIC DEVELOPMENTS 

[To deal with all matters affecting our foreign relations that concern matters of national 
security and scientific developments affecting-foreign policy, neluding the national space 
program, mutual- defense, and the operation of our high strategy generally] 

CLEMENT S. ZABLOCK, Wisconsin, Chairman 

WAYNE L. HAYS, Ohio VERNON W THOMSON, Wisconsin 
ROBERT N. C. NIX, Pennsylvania WILLIAM.E . BROOMFIELD, Michigan-
LJ HFOUNWAIN, North-Carolintu PAULFINDLEY, Illinois; 
CORNELIUS E. GALLAGHER, New Jersey JAMES G. FULTON, Pennsylvania 
DONALD A. FRASER, Minnesota ROBERT TAFT, Sn, Ohio 

JOHN H. SULLivAN, Staff Consultant 
JUND NIGI, Senior Staff Assistant 
JEAN E. SMITH, Staff Assistant 

(II) 

IN . 1 009 

jharold
Rectangle

jharold
Rectangle



CONTERT S 

Page 
Introduction - ----- 1 
Keynote address: Hon. Clifford M. Hardini,:Secretary of Agriculture.I -

SEssioN No. 1: Tnn GRthwE Rnvouw'NoN AS AN HISTOIcAL 
'PnEIOMENON: WHAT HAS- HArPREED, -How AND WHY 

19fyers- Will M., vice president in charge of agriculture,. the Rockefeller 
Foundation, New York N.Y. (on, behalf of Dr. J. George Harrar,
President, the Rockefeller Foundation) --------------* ------------ 10 

Freeman, Orville-L.,'president, EDP Tnternatiofal, Washihgton D.C. - 25 
Gaud, William S., Executive Vice President, InternationiLFinance Corpo

ration, Washington, D.O ------------. ---.---- . _--- -.- ----------.--- 28 
Hsrdin, Lowell S. Officefor Agriculture, Latin America'and the-Caribbean, 

Ford Foundation, New York; N.Y ----------------------------- 32 

SEssIoN No. 	2:' THE POJITIcRA, SOCIAL, CUTURAs,AuD EcoNomIc 
TMPACT 'OtTIEr GREEN REVOLUTION 

Mosher, Arthur T., 'president, .the Agricultural Development. Council, 
New York, N.------------.----------------------------- 43 

Carroll, Thomas F,., Chief, Agri-Economics Unit, Inter-American Develop
ment Bank, Washington, D 0 ------------------- ------------ 55 

Lewis, John P., dean, the Woodrow Wilson School, Princeton University,
Princeton, N.J -------------------------------------------------- 61 

Mellor, John W., professor of agricultural economics, Cornell University,
Ithaca, N.Y . ..----------------------..-------------------------- 67 

SESSION No. 3: PLANNING FOR TEn FUTuRE or THE GREEN, 
REVOLUTION 

Brown, Lester R., senior fellow, Overseas Development Council, Washing
mgton, D.C------------------------------------------------ 78 

Bernstein, Joel, Assistant Administrator, Agency for International De
velopment, Washington, D:C------------------------------------ 1-12 

Dennson, Charles S., vice president, International Minerals and-Chemicals 
Corp., New York N.Y.---------------------------------------- 117 

Paddock, William- 6 ., consultant on agriculture, Washington, D.C------ 122 

APPENDIX I 

Statements submitted for the record: 
W. L. Klarman, College of Agriculture, University of Maryland-- 131 
Business International Corp. (submitted by Kenneth D. Gott, editor, 

Business International) -. _-----------------------------------131 
Charles M. Hardin, director, International Agricultural Institute, 

University of California, Davis, Calif _------------------------- 132 
Louise Nelson, associate professor of economics, Davidson College,

Davidson N.0 -.------.------.--------------- 134 
William R. Pearce, vice president, Cargifl, Ino., Minneapolis, Minn. 135 
M. Edward Peters, Kerr-McGee Chemical Corp., Fostoria, Ohio.- 138 
K. Sahdev, second secretary (economic), Embassy of India, Washington,

D.C---------------------------- -------------------------- 139 
Edgar A. Sohuler, -professor, education and sociology, Social Science 

Teaching Institute, Michigan State University, Lansing, Mich--- 139 
Agency for International Development (submitted by Matthew J. 

Harvey, direetor, congressional liaison) .------------------------ 143 
(II) 

jharold
Rectangle



---

IV
 

APPENDIX II
 
Page* 

Biographicalaketches of participants--- - -- 160 

APPENDIX III 

Script for motion picture "A Future for Ram ------------------- 163 

APPENDIX IV 

REsouan. MATEntiAL 

Session No. 1: The Green Revolution as an Historical Phenomenon: 
Whatflas Happened, How tiud Why: I 

"High Yielding Varieties of Grain," by Dana G. Dalrymple-------- 166 
"The Role of Research in -the Green. Revolution,!' by Edwin M. 

Mi rtfn -------..----.. -------..-.. . __ '--------------- .. 174 
"Antifamine Strategy: Genetic Engineering for Food," by Sherret S. 

Chase - - -. - - - - -- -------. -.- .. _ _ 177 
Seshion No. 2: The Political, Sbocal,. Cultural, ,and Economic Impact of 

the Green Revolution: 
"Can Politics Keep up With Technology? Feeding the Hungry? by 

Richard Critchfield---------------------------------------- 183 
"Agricultural Innovation and Its Implications for Domestio Political 

Patterns in Southeast Asia" by Vy Van Thai ..-- 188 
"The Seed-Fertilizer Revolution and Labor Force Absorption" by 

Bruce F. Johnston and John Cownie---------------------.-- 195 
Session No. 3: Planning for the Future of the Green Revolution: 

"The Green Revolution: Cornucopia or Pandora's Box?" by Clifton 
R. Wharton, Jr.-------------------------------------------. 206 

"Food 	Supplies and Economic'Growth in Developing Countries-The 
1970's" by LyleP. Sohertz - . -- _----- - 213----- .. -----. __ 

"Spring Review of the Now 'Cereal Vhrieties-Implications for AID" 
(Report by AID, June 3.969)..-...--------...--............... 226 

- -i 

jharold
Rectangle



4.-

INTRODUCTION 

On December 5, 1969, the House Foreign Affairs .Subcommittee on 
National Security Policy and Scientific Develdpments, inaccord with 
its concern for scientific and technological advances affecting foreign 
policy, held a 1-day symposium/hearing devoted to the Green 
Revoulution. 

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 countries of Asia, Africa, and 
Latin America. ' 

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

,First, we hoped to acquaint Members of Congress more fully with 
the Green Revolution phenomenon, from the development of the new 
seeds by American-sponsored agri-scientists to their social, political,
cultural, and economic impact in poor countries. 

Second, we wished to bring together in one place at one time for 
discussions and an interchange of ideas a group of outstanding special
ists i various aspects of the multifaceted subject, in order to reach an 
integratedunderstanding 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
intion, 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
egn aid program.

Finally, we sought to produce a subcommittee publication on the 
Green Revolution w 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 usual 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 subcommittee 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,
religious groups, foreign embassies, and other interested organiza
tions. 

Through questions asked from the floor and statements submitted for 
the record (ses appendix I), 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 
mnrease agricultural production, the task of feedmg the world's hun
gry millions has only just begun. Aheadare a multitude of other diffi
cult problems, including-troibl6some effects arising from this tech
nological innovation. 

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 other words, mankind can be fed, if we men 
choose to do so. . 

To that transcendent effort, therefore, this volume is dedicated. 

Ornwr J. ZALocr,
Ohaimn,Shcommittee on National 

Security Policy and Scientific Developments. 

JANUARY 7, 1970. 



SYMPOSIUM ON 	 SCIENCE AND FOREIGN POLICY: THE' 
GREEN REVOLUTION 

FRIDAY, DECEMBER 5, 1969 

HousE or RERESEN1vTAv S, 
Conarr r FonrG AwrTns, 

SuRcounntrrn ON NAnIONAL SrcUrmn PoLIr 
AND SomiTmo DyELOPMiNTs, 

Washington, D.C. 
The, subcommittee met, pursuant to call, at 9:30 am. in room 2172,

Rayburn House Office Building, Hon. Clement J. Zablocki (chairman 
of the subcommittee) presiding. 

OPENING REMARKS OF CHAIRMAN ZABLOCKI 

'Mr. ZAntocm. Mr.'Secretary, gentmen, my colkages, friends: It 
is indeed a pleasure and a privilege for meto chair today's symitposium/
hearing on science and fo-reign policy, sponsored bythe House Foreian 
Affairs Subcommittee on National Security Policy and Seienti e 
Developments.
* The subject which has brought us-togetherbere has been called, in a, 
shorthand phrase-"The Green Revoltion." 

While the tse of a.-sloganlike "The Green-R olution" is perhap.
unscientific in tone, the term expresses riapltically th&drginatic 
changes which are takiig place inthe less deveroped countries because 
of the introdhetion of te high-yield cereal varieties-:-the so-called 
miracle grains. 

These changes, I believe, are inadequately understood by the Ameri
can public generally and, to some extent, not fullyundertoodhere'in
Congress. 

Although moie than one-quarter of all development-loan funds dur; 
2ng 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. - % I 

The revolution in food production which.has been 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 is perhaps the most importantreason for the convening of this 
Symposium. 

OBJECTIVES OF SflIPOSIUM/HEARMNG 

We in Congress are interested in being more fully acquainted with 
this phenomenon called the Green Revoiution. Through oar support 
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for 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 aware of the full scope of the Green Revolu
tion-from the development of the cereal varieties by American agri
scientists, to the economic, social, political, and cultural effects which 
have resulted from introduction ol these grains in the less developed 
countries. 

The subcommittee'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 subconimittee has been particularly fortunate. We 
have been able to gain the cooperation of an outstanding group of 
Americans to deliver papers and to serve as panelists. 

We are honored as well by the presence here this moring of the 
Secretary of Agriculture, 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. 
In addition, everyone who is in attendance as observers here today is 

invited to submit brief written comments on matters covered in the
symposium.

Those statements will be ptiblished in the printed record of the pro
ceedings. They should be in the hands of the subcommittee no later 
than 2 weeks from-today-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. 

Moreover, we hope that today's session will result in some consensus 
on means of maxiuizing the benefits of the Green Revolution, while 
ameliorating possible adverse effects. This may include recommenda
tions for new departures in 17.S. programs and policies. 

rORrA OF TME SaIPOSTUM/HmARING 

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

Todaythere will be three sessions. Eaclrwill-begin with a paper being 
presented by one of our distinguished participants. Following the 
paper, a panel of three discussants will make statements. 

Following the panel's commentaries, there will be a question period. 
First. I will call upon my congressional colleagues for questions to be 
put either to-the author of the paper, or to-one of the panelists. Then 
questions -willbe in order from ay 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 Or SEcRETARY TARDIN 

At this'time it is my pleasure tbo introduce our keynote speaker for 
the day, the Honorable Clifford M. Hardin. 

Born on an Indiana farm, Dr. liardinreceived a Ph. D. in agri
cultural economics from Purdue in 1911 and subsequently taught at the 
University of Wisconsin. I 

In 1944 he moved to Michigan State University where he ulti
anately served as director of the MSU experimental station and held 
the position of dean of the school of agriculture. 

In 1954 Dr. Hardin becane 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 
'Grant Colleges in 1960 and has served as chairman of the American 
Council on Education's Committee on Institutional Grants Abroad. 

He was-sworn in as Secretary,of Agriculture on January 21, 1969. 
Although his present responsrbilities require primary nttention to 

-domestic acricultural-problems-of which there are many-he has hal 
:a longstann ginterest in international agricultural development. 

May I present the Secretary of Agriculture, .the Honorable Clifford 
.M. Hardin Dr. Hardin. 

STATEMENT OF EON. CLIFFORD M. HARDIN, SECRETARY OF 
AGRICULTURE 

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

I feel almost I should start with an apoloay this morning.. I am 
going to speak from a manuscript -which is te 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 I will get through more quickly, Mr. Chairman. 

I am sure you will agree,. also, that it is difficult to be asked to key
-note a symposium that has such an impressive roster of panelists and 
-speakers. 

You 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 knowledge which these men .wwll 
bringtto bear on each of the topics assure a stimulating and infotma
tive day. 

With that in mind, it occurred t6 me that my most useful contri
bution to a gathering such as this would be to attempt to offer some 
rerspective from wiuch to view the Green Revolution that will be 
discussed in' detail by our panelists and, speakers. -; 

In other words, I an't not going to try to cover the .whole thing in 
my presentation., * -



THREE no3CmrrS FOR ThE 6-REnn XnflVOLUTION 

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 it is. 

Second, we should understand that there is no magic in technology 
unless "t is a plied.

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 infonnation available today, and that is sub
ject to change. 

I. CMAGNIFIGENT 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
(if agricultural improvement, a willingness to devote more of the na
tional resources-material and human-to it, and to recognize the 
importance of increasing the standard of living for producers of food. 

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

This is not the way to get the job-done.
The development of new hio-yielding varieties 'of wheat and rice 

has had a dramatic impact an has created worldwide-excitement and 
hope. 

As 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 East, and'across South Asia. 

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

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

-wo--MAla ICFr oXoLocr" 

Figures like these are exciting, -but they may lead to the erroneous 
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 where there have 
been shortages. It is increasing incomes and enhancing life in some 
areas. But it does not contain within itself the capacty to make the 
large investment in such things as irrigation facilities, in internal net
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works for marketing and distribution, or to mike the farm aiid 'con
sumer policies necessary to realize its potential. 

This is what is impliea in my second preceptfor viewing the Green. 
Revolution:'There is no -magicin tedmology unless it is applied. 

The -pr6gressto date indicates to me that wa have the techiology 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 it correctly-and that means an effort of unprecedented mag
nitude by all nations, developed and developing. 

It means a, commitment from the dev~loped countries to' make the 
technology available. 

It means a commitment-and a heavy one-from the develbping 
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 healthy bodies; food that can't be distributed for lack ofinarket. 
facilities fills no stomachs beyond the farm; miracle varieties produce 
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 principal 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 know; -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 early 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 ageiis
cies urged expanded production. Our farmers responded, and at the 
same time record grain crops were produced in the Soviet -Union, 
India, Canada, Australia, Western Europe, and South Africa. 

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

So 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. 

-II. PROJECTIONS SUBJECT TO GIHANGE 

We must, of course, assume something with respect to the future in 
order to make plans for the future. But there is a strong tendency I 
think, to project from present conditions without accounting enough 
for variables. Weather, for instance, can cause as much as 25 percent
fluctuation in agricultural production, and obscure 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 -tolocal disease and in
sects, reducing yields until countermeasures are faken. 

We haven't had this with the new crop varieties to any degree. I 
suppose it is possible that they will escape it,,but probably not. They 
will be susceptible to attacks-and.aew resistance types will have tobe 
developed; which-will be. 

Butdtdoes mean-a, slowing down temporarily, though not a cessation 
of the progress.
oFuture consuption is difficult to pin down, Last April, the Paki

stan people were visiting the Department, working on their -Public 
Law 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 ea bit of 
a surplus this year as a result of the new crops. They were back in 
September, just a little over a month ago, pleading for 1 million tons 
of wheat, after 4 months. They described a near famine condition in 
East Pakistan. They explained that their production forecasts were 
generally holding up, but they had underestimated market supplies, or 
the reactiofioof people, people in theproducing areas, were eatingmore
with their improved income and so on, and feeding more of their 
locally grown feed. to their locally grown livestock, and perhaps-eting
mbre of it, thoughthis didn't:come out. 

EFECTS ON U.S. rARunR 

Anyway, it didn't come to the market and they couldn't move it to 
East Pakistan. So this means, I think, that, as we look ahead, thereis a 
temptation for many to look at this as competition to-the U.S. farmer, 
and to point out that we must revise our export plans for the future. 

I should like to say that I don't think it means this at all. There. is 
a possibility that it coul'd temporarily reduce demand for TT.S. 
products. 

On the other hand,, it could work the other way. I think you could 
biild. 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
 
increased.affluence in 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 
shortran. I -

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,-it is 
hard'to ghtthe'task accomplshed.

Thereis-an.nmense task ahead,-one that will require the best efforts 
of the aflluent.as'well.as the poor,ibecause there is no quiestion that-the 
developing countries will need all ihe help the developed countries 
0e1nprovide. I 

The important thing about the Green iRevolution,, despite the "ifs" 
ad "buts" that I 1have raised- with you this mornimg in this pre
liminary statement, is that agricultural development,. where -it is 

http:as'well.as
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needed, is off dead center. It is moving, afnd in this movement there 
ishpe. 

Mr. ZABLoolR. Thank you, Mr. Secretary. We certainly want to ex
press our deep appreciation for your coming here and giving this fne 
keynote address. We know of your tight schedule. You have .given us 
some of your valuable time this morning.

We realize you have other commitments, Mr. Secretary, and I un
derstand you would desire to leave now. Whenever you wish to, feel 
freeto do so, 

-Secretary HAInmn. Secretary Freeman will be hero and he will be 
-be glad to take over, I am sure. 

Mr. FEnMrA. Thank you for the delegation. 

SESSION I: THE GREEN REVOLUTION AS AN HISTORI
,OALPHENOMENON: WHAT HAS HAPPENED, HOW AND 
WHY I 

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

In my introduction, I said that there would be a priority of questions
in which the Members of Congress would have the frst opportunity.

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

Then we will entertain questions from the panelists and then, of 
course, questions from the observers. Let me just amend that atbit. 
If there is a pointed question that an observer wants to 'develop,
please do not hesitate to attract 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, I would like to call upon my colleague, Gov. Vernon 
Thomson, to introducethe panel. 

INTRODUCTION OF DR. XYERS 

Mr. THomsoN. 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 to 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. Tr. Myers will now 
address himself to the subject, "The Green Revolution as an historical 
phenomenon, what has happened, how and why.", 

Dr. Myers. 
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STATEMENT OF DR. WILL X. MYERS, VICE PRESIDENT IN CHARGE 
OF AGRIOULTURE, MEDIOAL, AND NATURAL SCIENCE PROGRAMS, 
THE ROCKEFELLER FOUNDATION, ON BEKHAL OF J. GEORGE 
FARRAR, PRESIDENT, THE ROCXEFELTR FOUNDATION, NEW 
YORK, N.Y. 

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

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.
Ile did want to come, but-his doctor was very firm in insisting that lie 
remainthome in bed. 

lie has prepared a paper, which you either have or will have. I 
think it would be unwise for me to attempt to read Dr. Harrar's ex
cellent 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 
particular points that Dr. Harrar has made, and to elaborate on some 
of them. 

1067-68 HISTORIC YEAR IN HUNGER FIGHT 

The year 1967-68 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 1967-68
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 haveestinates that in South Asia, largely in wheat .and rice,
and largely in Pakistan and India, 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 crop was, at world market price, about $1 billion. 

This phenomenon-the Green Revolution--has opened a new era.
Mana.ow can dare to hope for a future without hunger. National lead
ers -n the developing countries can now view their agriculture as -a 
resource, not as a liability. Rural people can. begin to participate in
the market economy. 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 aie 
many other advances made possible as a result of the Green Revola
tion. I I 

Odming as it did after a period of despair, when many eminent
authorities had -concluded that the collision between soaring popfilation antlimitations on food supplies was unavoidable, the Green Revolution brought new hopes to the hearts of-man, new courage to strug
gle harder to win the war on hunger, 
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FORGES IN SHAPING THE GREEN REVOLUTION 

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 production in wheat, rice, and maize and, to a lesser 
extent, in the sorghums, millets, and potatoes. ' 

The key factors in these-packages of superior production technologies 
were the improved varieties of wheat, rice, 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 com
bination of varieties and superior practices, the farmer now hadtthe 
capability of tproducing 'two, three, or even more times per acre the 
amount that he could produce with his indigenous varieties and 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 6ther 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 ebuntries. 

These include, among many other things, the following:
(1) The training of large numbers of scientists, educators, exten

sion specialists,' ankd other agricultural specialists, through training 
programs both in the cevelopeci countries -and!in the deeloping coun
tries theinselves. 

(2) The development of agricultural institutions-colleges andkini
versities, experimeht stations, extensibn services, co-ops, and: so forth
that were required forthe national and local agricultural programs 
These institutions had been built or strengthened in many of the de
veloping countries through efforts by a large number of bilateral and 
multinational agencies. 

(3) The, emergence- of nai enlightened political leadership that rec
ogized the dontributions- and potentialhties of agriculture and that 
was willing to adbpt policies and.to allocate resources for the develo4A 
ment of thatagricul ture. 

(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 agricultural industry to supply improved
seed, fertilizer; and other agricultural chemicals, machinery, and other 
requirements to the farmers so they could put into practice on their 
fairths the improved production technologies now 'available. 

And there were many others. But the thing that made the difference,
I repeat, was the ivailability of a vastly superior technology, espet
cially the improVed varieties that could respond 'with greatly increased 
yields to the other compoints of the teclnological package. 

- ORIGINS OF THIE 1IEROVED CERBAL VARIETIES 

As is the case with all great events, the Green Revolution did not 
just happen. Each of the components or forces that came together 
so dramatically in 196-68 had been developing for many years. In 
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Ispaper, Dr. Harrar has traced the origin of the improved varieties
which, as he haspointed out, were the key to the package of produc
tion practices which, in turn, was the key to the genetation of the 
revolution that became -so, visible in That year. 

Oneitight, wih, wheat, in refece to the development of These' 
varieties, go back to Gregor Mendel in the middle of the last century 
or to the wheatrbreeds of the late-19th ind-wearly 20th century,
William Farrar of Australia, Engledom of Englandthe Howardsofh 
Ihdia, te Saunders of Canada, andm nicluding-Gany other pioneers, 
a Japanese scientist whose nime is uiknowfn to ne today.In rice there
were also many pioneering plant breeders, Japanese, Chinese, Indian, 
and other nations ad a few Ameticans. Ih aize one ight stare 
with . . Shull, E. M. East, D. F. Jones, FX.P. Richey, H. K. 
Hayes, and others. 
. But,, quite appr'opriately, Dr. IHarrar begins his wheat storjr with 

Mexico, where he, in1943,. began the cooperative -program.betwee 
the Rockefeller Foundation and the Goveritinentoof Mexico- which 
was to' do. so much to generate -the Green Revolution. Joining him

me devo
ion to better wheat has-culminated inithe developmet oftheso-calledt 
Mexican-wheat varieties. t M . 

These varieties have short, sti stingwhich wasderiveclgefetically 

almost at the- eginning was Norman Borlaug whose lifetith 

from varieties devloper by-ti Japanese plant breeder, whm I men-
tioned previously. It is' interesting to recall that these -varieties were 
seen rm production and experimental plots in Japan.by Dr..S~C. Sal-
man, then wheat specialist inthe USDA, who went to Japan in the 
early8 days of SOAP to be head. of the Agricultural Research-Branch 

het iAgricultural Division. .' 
He sent seed of these viirieties back to the United States wherebthey

were-used-in -wheatbreeding programs at Washington State University
and the U.S. Department of agrculture. Atan early-date,'the varieties
ivere sent to Mexico, where .Borlaug began to use them as-parents
in the development of the dramatically superior new cwarf what 
varietids which have come tote known as the Mexican wheats. 

t'hesewrieties are now-revolutionizing wheat production in M xio
the Middle East and North Africa, and South-and East Asia, and are 
having an important impact almost everywhere -in the watid idhere 
wheat is grown as aaritmportant crop. 

NTUns oF arrnovro mTE VAmermTs 

The first of the improved -rice varieties for the great rice bowl of 
South and Southeast Asia came from Taiwan and, especialy, from the 
Internationial Rice Research Institute at LosBanosiythe-hilippines.

These varieties, too,have~short,-stiff stiaiv so that they canr ptoduce
muchighe'r ields without dodging. They have stiff, erect leaves that 
maintain a maximum exposure to the sunlight in these areas of -the 
tropics where -often the intensity offlight is a limiting factor in total 
crop yields. They are insensitive to the length of day; that is, their 
flowerng and maturity is not controlled bychnges i length of dayversus mght. Therefore, they can be planted at any time during the year and produce a crop in approxunatolythe dame nufin5ir of days. 
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They mature in about two-thirds ofthe time of the tall,1ate, 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 dramatically. 

EASIEST PART ACCOMPLISHED 'SO FAR 

Dr. Harrar emphasizes, correctly, that what we have accomplished so 
far is miniscule compared with the total needs. Secretary Hardin made 
this point to us in lis opening remarks. We must continue to recognize. 
this very important point. If we relax our efforts now, man?s dream 
of freedom from hunger will never be realized. What we have accom
plished sp far in -the Green Revolution is the easiest part. Vastly
greater efforts wiH be required to sustain it in the areas where it is 
now occurning, 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 war 
the struggle against hunger, at least through the next few decades,. 
hopefully until we have been successful in coping with the problem
of growing population. 

fhe developing world is nearing the takeoff stage, so far as its
agriculture is concerned. What is needed now are relatively massive 
efforts to push it forward. These will include assistance from the, 
ticher 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, including 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 of 
the efforts from the outside will have much success. 

With sufficient and collaborative efforts among all of these, man 
can, I repeat, hope to attain his dream of freedom 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 e orts now because of other pressing-problems, the opportunity
may be lost, never to be regained. 

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

THREE REQUIREMENTS FOR FUTURE PROGRESS 

To sustain and extend the Green Revolution, we need, as Dr. Harrar 
has pointed out, at least three things.

First, 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

38-612-70--2 
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ing, processing, transporting, and marketing the excess production 
from areas in -whichit occurs 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 Pakistan where there still is a 
deficit. 

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

Second, we need massive research and training programs to develop 
new and even better technologies for the areas im wluch 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. 

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 RESEAROfl NEEDS 

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

I shall not take time -todocument 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 efforts comparable in mag
nitude to those which provided the technologies that have indergirded
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 technologies required in -the 
developing countries. Increases in agricultural production are needed 
now. 

We have had substantial experience with intensive country pro
grams, such as described by Dr. Harrar in his paper-the Mexican 
agricultural program, the Colombian agricultural 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 
traiming 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 simltaneously in all of the 
developing countries the required natioial institutions and programs
for research and the training of people that will be necessary to-sustaii 
and extend the green revolution. 
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SKORTAGE OF AGRI-SCIENTISTS AND SPECIALISTS 

The human 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 
provide all of their agricultural scientists and specialists to tarry 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 is needed, we believe, is a shortcut, a, method which makes 
maximun use of the limited available supply of superior trained 
persons for the combined and closely related tasks of research, rele
'vant' tiaining, and expediting the developi'nent of national and lpcal 
institutions and capabilities in the developing world. 

INTERNATIONAL AGRIOULTURAL IESEAROK 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 tIem, asmall group 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 isatheease with ice, wheat, and maize, or in agri.
cultural systems, as is the case, for example, with the agriculture of 
the humid tropics. 

This same group of highly competent scientists provides relevant 
training to large numbers of people from the developing countries 
with which they are cooperating. They serve as a hub and a catalytic 
force for the development of a network of cooperative research and 
program activities involving increasing numbers of national institu
tions and national scientists in agricultural 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 Los Banos in the Philippines. 
The second was the International Center for Maize and Wheat Im
provement in Mexico. These are both now fully developed and operat
ing 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 autonomous international institutes. 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
ng 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, Ir. Harrar 
reports estimates that the increase in rice crop generated to date in. 
South and Southeast Asia as a result of the varieties and improved
technologies developed at the International Rice Research Institute 
had value of approximately $1 2 bion. 

GREEN REVOLUTION: "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, ba free from hunger 
in this world. 

Second, the accomplishments to date 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 effoits of which we are eapabl1and which 
I hope we can bring to bear on this problem, we can push agricultural 
development in the developing countries to the point where it will 
have a self-sustaining momentum. 

I end, then,.by emphasizing, as Dr.,Harrar did, that we can succeed-
The question is whether we wi. The more important question is, I 
think, Gan we afford to fail? 

Thank you. 
(Dr. Harrar's paper follows:) 

Vim GaEN REvoLUTION AS AN HSTORICAL PHENoMENON 

(Paper prepared by J. George Harrar for Symposium on Science and Foreign 
Affairs, Subcommittee on National Security Policy and Scientific Develop
ments, House Committee on Foreign Affair-December 5, 1969) 

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 kmany of the developing nations. These changes have indeed been revolutionary 
In their effect on traditional agricultural patterns and production figures. The 
most important aspect of this phenomenon is the hope it offers of the possibility 
of gradually eliminating -chronie hunger, malnutrition and the all-too-frequent 
famines from regions where they have long been ever-present -threats 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-disadvantaged nations 
and the determination to undertake positive action toward the conquest of 
hunger. For well-documented reasons, the- economic development of many of 
the less advantaged countries has not kept up with that of some Western 
nations whose economies have forged ahead tremendously since the early 1940's. 
Bound by tradition and lacking thespectrun of resources and manpower neces
sary to maximize natural resources, these primarily agrarian countries remain 
largely in a state of chronic agricultural underpoduction. Before the develop
ment of systems of rapid communication and transportation, the plight of the 
less-developed areas was only vaguely nderstood and effofts to be helpful were 
small, scattered, and often not directed to the most critical concerns. 

MEETING WORLD FOOD NEEDS 

During the past twenty-five years, various cooperative programs to increase 
food production have been initiated by United Nations agencies, national gov
ernments, and private organizations. These efforts were in 'no small -degree a 
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response to, a growing awareness of thre need to help the less-developed nations 
to help themselves attain a more accelerated economic growth. They took many 
forms, some of them proving highly effective and others much less so. In view 
of the threats -of hunger, malnutrition and starvation which perennially con
front substantial parts of the world, agriculture, especially food produdtion, 
was a natural and obviously focal point for many assistance programs. Numer
ous theories were advanced which were unfortunately not practical under the 
diverse conditions prevailing in these countries, and efforts to effect sudden 
breakthroughs In increasing world food supplies were equally disappointing. 
Ultimately, it was recognized by some that the problems of agricultural develop
ment 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 
-waron hunger could be satisfactorily concluded. 

Early experience taught that -no single technological application could con
tribute very much to the advance of agriculture. Rather, proper soil and water 
management, the use of agricultural chemicals including fertilizers, the control 
-of pests and pathogens, and other technological inputs are insufficient unless 
-economic accelerators such as credit, price support, adequate .transportation 
.and marketing systems, and the continuing improvement of agricultural edu
-cation are all available and applied in coordinated fashion. 

'HE "BIOLOGICAL PROBLEM" 

Most important of all, however, is-the fact that all of the technologies and eco
.nomic inputs that can be brought to bear on 'the solution of food production 
problems will be unsuccessful unless the biological problem is solved. It has 

-not always been clearly understood that in most of the less developed world, the 
varieties of food crops traditionally grown are of low maximum genetic potential. 
Through a long process of field selection, many have become adapted to runfavor
able conditions and to that extent are "rustic" in their habits. Therefore, when 
they are subjected to the benefits of modern technology, materials and manage
-ment techniques including the application of fertilizers, improvements in yield 
are limited by genetic factors and on occasions such increases are uneconomic 
in 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 been deliberately engineered 
to take maximum advantage of sunlight, water, fertilizers, and other inputs 
with the result that with adequate management they can be expected to produce 
several times the yields of the traditional -uninproved varieties. These varieties 
bave given the ' Green Revolution" a sound economic base. 

The recent dramatic progress in increasing 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 larger capital resources in the 
agricultural industry, growing numbers of trained scientists, technologists and 
teachers, the entrysof business andindustry into the agricultural sector, and many 

-other factors have contributed to the successes thus far obtained. Nevertheless, 
it has been the confidence, based on visible evidence that the improved varieties 
can and will, under appropriate management, double, treble, and sometimes 
multiply six or seven times the customary yields, that has made the difference. 
Without this knowledge and assurance, based on experience, the "Green Revolu
tion" would not have come into being. 

Today, we recognize that whathas been accomplished is minuscule in terms of 
the total need. It is massive, however, when we consider the extent to which it 

'has changed attitudes and convinced statesmen, scientists, farmers, and business 
leaders -that the status quo need not maintain. They 'have now accepted the -fact 
-thatit is possible greatly to increase yields on the same lands which for centuries 
have been-grossly underproductive. 

Over the last quarter of a century, we have seen a variety of multilateral, 
bilateral and private efforts to improve food-production in the developing nations. 
International'agencies such-as the Food and Agricultural Organization and the 
United Nations Development Program have conducted agricultural programs in 
many countries. UnitedStates foreign assistance-programs, under the Agency for 
International- Development and its predecessors, have rendered invaluable as

- sistance and encouragemeit to the agricultural industries of the -less-developed 
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nations. The United States -land-grant colleges,.under contract or other arrange
nents, have done much to raise theilevel of agricultural- education-and, research 
aefiities oversas.- United States butiness andtindustry have also-ibroughttheir 

experience and aresources to.bear on thel.problems -of strengthening, agricultural 
-economies. And, there are numerous other governmental-and private programs 
which have made valuable contributions toward increasing world food supplies. 

ROOKEFELLER FOUNDATION WORK IN M.EXICO 

.Giveni the-obvious and continuing importance of all of the above-efforts, indi
viduallymand 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 1943 under a cooperative 
arrangeient between the Government of Mexico and The Rockefeller Founda
tion. At-that time,.Mexico, in the face of a rapidly growing populationwas obliged 
to purchase- abroad substantial tonnages of bread grains. Working together, the 
Mexican Government and the Foundation identified the problems which limited 
.production, established priorities, and jointly went to work to close the existing 
food gap.

The first.and most obvious-fact was.tbat Mexico was deficient in the produc
tion of supplies of corn and wheat required as basic 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 
closed. It was quickly determined that the varieties of wheat commonly used 
in Mexico were low in quality, poor yielders, and were highly susceptible to 
pests and pathogens, -which regularly resulted -in limited production, or on 
occasions brought about heavy crop losses. It was also determined that soil 
and water management as practiced was not copducive to maximum produe
tion, and that the use of fertilizers, pesticides and herbicides was minimal. 

The first-step, after arranging for appropriate land and equipment to:be-pro
-vided by the Mexican Government, was to bring together world collections of 
wheat and-corn and put them into comparative yield tests in the various ecological 
areas in Mexico where these crops were widely cultivated. The-superior strains 
were identified, selected, -and multiplied 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 qualities from two. 
or more varieties into a single hybrid. Ultimately, it was possible to produce 
new varieties which were obviously superior to those which they replaced. 
'These provided visible evidence'of the possibility for improvement and at thc* 
same time created a foundation of genetic materials on which. to build for 
the future. 

- Genetic research and its adaptation was carried out 'in conjunction with 
research in plant pathology and entomology, weed control, seed bed prepara
tion, cultivation practices, water utilization and storage problems. It was 
recognized that unless the approach to problems was through a systematic 
effort reflecting all recognized production problems, the, desired goals could 

-not be achieved. 

TWELVE YEARS TO DEVELOP NEW HIGH-TIELD VARIETIES 

It required approximately twelve years to develop new varieties, to demon
strate their potentials for increased yields, to multiply and distribute seeds 
of the new varieties, and by demonstration bring about increased utilization of 
fertilizers, and other agricultural chemicals within a management systent
designed for maximum yields. The food ,grain gap-in Mlexico-was' cllsed:in 
the mid-1930's. Today, Mexico, with -a--populatidnf that has doubled since 1048, 
canand-does-satisffrtis annual requirements for the production of wheat and; 
orn. This was not the result of extending the areas planted to these crops, 

out rather the product of improved malagement, technology, the use of agri
-cultural 'chemicals and fertilizers, the essential economic accelerators, and,. 
most centrally, the development of hiah-yielding. well-adriapted. disease- and' 
pest-resistant -varieties which enabled Mexico to treble annual yield figures.

The new wheat and corn varieties, during -their several, stages of develop
ment were tested widely, not only in Mexico but in many other countries where

it -was tbougbt that they might be' useful. In this way, an early multiplier 
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effect ,of; the;)'lfexican progralll 'was: ..produ<:!e'd. "Today,; as a result of further, 
experience: and ,broad-scale ,iilterna:tional,t~sting and r~fining,,' these now well
known')lfexiCailWnea ts,l:j.av,e ,prov~I!1p~eir:eriC!riri.'ous'vallie', in: coiiiitt'ies th0~sar;ds 
of!lliles"9-istant i!lCludJng Iri,dia, 'p'aki~ta~" Tur!wy"Afg~a,~i~tan,,: TH!,\i~ia, Kenya 
Ilnd,evep,:lthe United ,States, ,yhich now ,gro,W substant~al acreag~s',,()~ wheats 
whose genetic composition was design,ed inl\Iexico.. -',' ': , ::. " , , 

Stimul{lted,by the success i,ll IVle~ico, sOnl,ewh.a:t 'silll~I:1r ventures, wer.( under·, 
taken ill ,Cqlombia, Ecuador, Chile" and lafer, in' India, 'with ,oq.treach into 
many o.ther co.untries. Each of these' coo.perative,effo.rts,gave added"confi'rnla
tion, to the,phl!o.sOphy that well-teason¢,',carefully"plap'ried; ail'd scientifically 
based productio.n projects Co.~ld' a1dd sigriific;antlyto food:" ptoduct~on levels 
and at the same time pro.videfolUldati'o.nsifcir national agricultural develop
ment prgg,rams, which \vere ,econ~illica,ny' sound;, In' each"couri,tty, i:t~ajor emplJa- ' 
sis' was, placed upon the training, of young sCientists :and, o.thers 'who would 
ulti,niatelY)!lccep( resPoJlsibmiIes:for, filture' leadership~ ,«lid' !lcti9n.:' " ", ' , ' : 

As efforts to improve wheat and co.1'n o.n: an internatio.nal ,basis:, progressed; 

.it became clearly' evident that there was 'at least equa'r need for"concentrated 

effort to.ward the improvement of ,rice,produCtipn in :,the, rice bo.wl of Asia arid 

other rice-pro.ducing countries. In 1959, the Ford Foundation and The Rocke

feller, Foundation jointly embarked upon, a project to 'establish the Inter

national'Rice Research, Institute, in, the Philippines. Today, thts, Institute is 

known world-wide, -and its success in developing high-yiel(f,ing;·:well-adapted 

rice,va:ri~ties .1'or many ,regions parallels the experiencewith the "miracle whea.ts" 


,of Mexico! The, 'Philippines' now produce all the rice required ,for its national 

consumption 'anll' has a small export surplus. India, Pakistan, indonesia and 

other Asian co.untries 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 metho.ds, materials and further improved, varieties; it can be expected 


, that' through well-co.nceived production programs, the world demand for rice 
can be satisfied within the foreseeable future. 

Currently, o.ther ,projects are under way dealing' with 'sorghums, millets; 
potatoes, and grain legumes, and there, is' evidence that, based on experiPllce 
it sho.uld 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 ~he improvement of animal 
protein' sources as an added dimensio.n to the effort to. increase world food 
pro.duction; .' 

In all of these undertakings, efforts to. add substantial 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 
accrqe' fro.m the production and wide utilization of highly efficient crop va
rieties that 'are also ,richer in the compounds essential for human growth and 
energy. " ' 

The international institute concept is now widely 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 develo.P and expand, it can be hoped and 
expected that the still underused tropics can, begin rapidly to. increase their 
co.ntributions to world food supplies. It is interestin'g to note that the four 

, institutes are now receiving support from national, bi:national,multi-national, 
and 'private sources. 

PROBLE~{S o.F THE GREE:S- REVOLUTioN' 

It 'is fully recognized -that all revolutions, even ,"grefm" ones, produce prob-. , 
lems as well as benefits. And those who. have had some responsibility for gen- ' 
erating the "Green ReVOlution'" are fully a,ware of the problems, both fore
seen and unforeseen, that wiI arise: But these pro.blems 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 sho.rt 
period of time the veryl,arge il!creases in tonnage, of food grains., N everthe

http:metho.ds
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Iess, problems created by abundance 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 con

-quest of hunger. With intelligent and vigorous leadership, a growing supply 
of manpower for scientific and technological responsibilities, in conjunction 
with increased understanding and support by the public sector and the farmers, 
the "Green Revolution" can grow into a major instrumentality for providing 
food and energy to millions now undernourished and inadequately 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 fact that careful evaluation, sound 
.scientific and economic planning, and sustained-effort can overcome the pathology 
-of chronic under-production and gradually bring about rapidly increasing eco

niomlc advance. A formula for success can be designed for any area that has 
-available the new adapted plant varieties and the other inputs and accelerators 
that must be applied in logical fashion. 

BENEFITS OP THE GREEN REVOLUTION 

At the same time that it has accelerated and intensified conventional pgricul
ture, the "Green, Revolution" has brought in its wake certain benefits-that 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 also to buy the products of urban-based industry. 
They are now beginning to participate in an expanding market economy, thus 
contributing to the demand for the products and services from the urban 
sector. There is increasing evidence that the new wealth that is being generated 

-in rural communities is contributing to local self-help efforts to improve educa
tion, health, transportation, and communication. Perhaps the most important 
-change, however, is in the attitudes of rural -people-the realization on their 
part that improvement of their condition really is possible and that they can 
provide a better life for their children. 

The expansion of world economies through intensification of agriculture may 
also provide major 'and direct benefits to the developed nations, particularly 
in the 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 
supporting services and materials essential to their task. Once they understand 
that improvements are possible and that these will bring concrete benefits to 
themselves and their families, they will-accept change with-enthusiasm. Neverthe
less. agriculture is a fragile industry, always subject to the threat of losses from 

-natural causes. Moreover, because it must seek continually to increase produe
tivity on limited areas of arable land, agriculturemust necessarily be a dynamic

-and ever-changing industry. The success of the "Green Revolution" will tiltimately
-depend upon political leadership, financial support, economic planning, con
tinning support to agricultural research and education, the applicati6n of new 

-technologies to increasing production, and the cooperation of the private sector. 

CONTXEUTIONS 'or FOREIGN ASSISTANoE floGRAMSn 

I would like to conclude with a general remark or two concerning our foreign
-assistance programs. Many critics of foreign aid claim that little or nothing has 
'been accomplished. Tn spite of the expenditure of vast amounts of money. they 
say, there 1as 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, as experience is gailed, priorities
'clearly defined and refinements made, visible progress begins to emerge. Today,
there has been sufficient time and enough experi6nce to demonstrate-tbat many
of the foreign-aid efforts have'been exceptionally effective, and-in their formal 
and informal interaction, these efforts can become synergistic. If the "Green 
Revolution" is to continue to advande the well-being' of people in many lands, 
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this cooperative aid must be maintained and improved. From rather modest: 
beginnings, the potentials of these programs have now been demonstrated. But' 
fnttire success depends on the degree to which there can be coordination of 
effortamong all the agencies and organizations involved. 

To illustrate some of the accomplishments of the "Green Revolution" there 
are. appended some of the production figures which have now become available. 

SArimanix 

MEXICO 

In 1943, Mexico averaged wheat yields of 115 bushels' per acre; half -the 
wheat needed was imported. By 1964, 87 bushels per acre were-the average and 
the country bad wheat available for export. (-I) 

In 1944, Mexico imported 481,000 tons of wheat; today (1968) it exports 
684,500 tons. In 1940, agricultural products were 19.7 percent of total -imports. 
By 1967, the percentage 'had dropped to 11.4 percent In 1940, agricultural ex
ports were 18 percent of total exports. In 1967, they were 65.dpercent. All of this 
Taas done in a twenty-year period in which Mexico's population grew from 21 
million to 37million. (2) 

In the early 1940's Mexico's average yields of wheat and corn *ere so low 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 U.S. 
average in the Corn Belt). (8) 

But by 1955, Mexico had closed its food gap in the production of both corn and 
wheat and had additional quantities of other food and related basic crops to
meet national needs. By 1968, national average wheat yields exceeded 40 bushels 
an acre, or almost four times the 11.5 bushel average in 1943. 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.) Potato production was more than triple
that of 1950. (3) 

Dr. Theodore W. Schultz, economist at the University of Chicago, has esti
mated that, 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 tons of the-Mexican-wheats were imported in 1906. lIt the 1967
1908 season, '6 million acres were sown to 'dwarf wheats, 18 percent of the
country's wheat acreages. This 18 percent produced much more than its pro
portiobate share of the total crop for that season-an estimated 40 percent (1) 

In 1965, India began a progran of high-yield 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 contributed 'to the mbst 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) 

Eighty-eight million acres of India are devoted to growing rice. (In 1968)
6 million acres have been planted'to the new dwarf varieties. (5),

The new agricultural technology creates skyrocketingdemands for agricultural 
supplies andequipment. For example, it is expected-tbat farmers' use of fertilizer
im1ndia will rise more.than six-fold in seven years-from 600,000 tons in 1968
169to 4 nillion tons in 1970-1971. (6) 

The National average yield (-wheat), in India in 1968 was about 1800 kilo
grams per hectare, or about 500 kilograms above the 300 kilogram average for the
period' 1902-1965. (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 totalwheat acreage. (3) 

- -- PAKISTAN' 

Pakistan has planted approximately-2 million acreas of Mexican wheat for 
harvest this spring (1069) and hopesfto plant up-to 1 million acreasof Inter
national Rice Research Institute rich this year. (7) 

In 1965, Pakistan bought 350 tons of the imported Mexican dwarf wheat for 
seed. These 350 tons were planted on 12,000 acres where they yielded a 50-fold 
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increase, four times the normal Pakistani yield. From the increase, 800,000 acres 
were planted, including 85,000 one-acre demonstration plots in 18,000 illages. In 
1967, Pakistan imported 42,000 additional tons of Mexican dwarf wheats. These 
new varieties have helped end a. 20-year food grain deficit (1) 

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

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

1967-108-crop season in Turkey: 60,000,farmers participated, representing 19 
of Turkeys 67 provinces. These farmers planted about 17,000 tons of Mexican
origin seed on 425,000 acres, throughout the coastal areas. An average yield in 
excess of ... 52.1 bushels per acre was obtained, which contrasts to an average
of not more than. . . . 22.3 bushels per acre foi native wheats in the same area. 

The value of the increased production has been estinated at $23.6 million. 
In January, 19G7, AID helped the Turkish government purchase 50,000 tons 

of iMexican wheat seed for 1967 fall planting in 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 to the farmer for seed, fertilizer and 
other inputs were estimated at $18 million, giving a netprofit of more than $5 
million on the il967-1968 program. 

PAO and RF.and the Mexican Government gave Turkish scientists training
in Mexico on the new wheats. 

In the 1965-1906 season, a farmer planted a few kilograms of two wheat varie
ties sent -to him by AID technicians. This attracted the attention of neighboring
farmers, and about 100 joined together to import 60 metric tons of one variety
for the 1966-1967c rop. So, over a three-year period, the number of participating
farmers in the coastal areas jumped from 1 to 102, and then to 50,000. 

E1ight 'hundred Turkish agricultural technicians were mobilized and trained 
to man the tremendous extension effort. 

PTILIPPINES AND BO'PHEAST ASIA 

,In Southeast Asia, the Philippines already claims to have become self-sufficient;
Malaysia predicts that she will be self-sufficient by 1971; Indonesia by 1573.(4)

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

In the Philippines, the area -plantedto the "miracle rice" increased to around 
400,000 acres by the- end of last year, not including about 100,000 acres of two 
other improved varieties released at the same time. (7)

In the Philippines, for the 1968-1989 crop year, 32.3 percent of the total rice 
acreage was planted to 1R-8, the most popular of the new rice varieties. (9) 

ASIA IN GENERAL 

It was recently estimated that the new rice varieties have now added approxi
mately $1.5 billion tothe Gross National Products of the "rice bowl" countries. 

The total area planted to the new improved varieties has expanded at great
speed in the last two years and is estimated to exceed 15 million acres this year 
over the whole region. It could expand, further 0 million acres or more next 
year. (7) 

The International Rice Research 'Institute developed- new varieties of rice 
which reach yields of 5 to 7 tons-per-2-47acres instead of the 2 tons that had been 
the-norm in Asia. (2) 

The U.S. Department of Agriculture has revealed that in Asia alone the esti
mated acreage planted with the new high-yield varieties rose from 200 acres in
1954-1965 to 20 million in 1967-19638. (4) 

The dwarf wheats have given a fertilizer response in . . - India and Pakistan 
of the order of 17 to 30 'pounds of grain for each pound of nutrient furnished, 
as compared to 11 to 16 per pound of nutrient for the local unimproved kInd. (1) 
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The farm sector now constitutes from one-third to one-balf of most Asian econ
A.bmies. His conceivable'that the'2 percent rate of increase in food production pre

- vailing during the early and mid-190's could accelerate to 4-5 percent yearly 
-over the next few years, provided markets can absorb the additional output. The 
additional purchasing power thus generated for both production and consumer 
goods will stimulate a more rapid rate of growth in the non-farm sector. The-net 
effet,should be 'a much more rapid rate of overall econfnfic growth than would 

-otherwise have prevailed. If the Asian agricultural revolution continues, it~could 
- well become the most significant world economic development since..the economic 
- rebirth of Europe.following.World War II. (10) 
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Mr. T-romsoN. The panel members that we will be privileged.to hear 
:hre Mr. Orville L. Freeman, former Governor of the State of Minne
;sota and the former Secretary of Agriculture, and presently president
.of EDP International, Washington, D.C.; Mr. William S. Gaud, 
Executive Vice President, International Finance Cotporation, Wash
:ington, D.C., and former Administrator of the Agency for Intern-a 
tional Development. 

Mr. Fraser. 

INTRODUCTION OF FORMER SEORETARY OF AGRICULTUfRl FREEXAN 

Mr. FnASER. Thank you, Vernon. 
I 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' 
p airs.Just to the left of former Gov. Vernon Thomson is-the former 

overnor of Minnesota, sman who I remember most fondly as'having 
given me my first job when I got out of law school some 20 years ago. 

It illustrates, I think, that lawyers, in his-case, can.amount to some
fTling. 

Secretary Freeman was a graduate of the same law school, the Uni
versity of Minnesota,; a Purple Heart veteran of World War II; a 
three-term Governor of'our State, and appointed Secretary of Agri
culture by President Kennedy at age 42, the youngest man ever named 
Lo that post. 

http:privileged.to
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Hie served during the period in which the U.S. involvement 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 technology. 

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 AID began his career as a trial lawyer 
in New York City. Among his many distinguished achievements 
should be recorded that he was the first person to use the term "Green 
Revolutioi," a term which he employed in a speech to the Society of 
International Development in March 1968. 

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

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

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

INTRODUCTION OF DR. HARDIN 

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

I might express the personal thought that I wish some of our other 
colleagues would have been here to ay 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 T.University and- taught at both-
Cornell and Purdue Universities. 

For 12 years he was head of the Department of Agricultural Eco
nonics at Purdue, and he has been associated with the Ford Founda
tion's Latin America program since 1965. 

Ie has coauthored the book "Farm Work Simplification," and is a. 
Director of the Agricultural Development Council; a member of the 
panel on world food supply; on the President's Science Advisory
Committee; and a member of the NationalAcademy 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, I.C. (FORMER SECRETARY OF 
AGRICULTURE) 

Mr. FaremirA. Thank you very much, Governor Thomson. 
Congressman Fraser, Chairman Zablooki, distinguished members of 

this committee, and ladies and gentlemen: 
I think the scope, magnitude, and dimension, of the Green Revolu

tion and its import has been 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. 

I will make two points quickly that might add a little dimension to 
-whathas already been presented. 

BREAKTHROUGHS IN PROTHIN 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 
*serioisprotein deficits; while at the same time, just as the Green 
Revolution makes possible enormously increased volumes of produc
tion, we also have had some significant technological breakthroughs in 
-protein potential.

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

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

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

Humans in much of the less developed world eat corn directly. 
,Whata 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 Los Banos and other places. 

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

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

Four'pounds oflysine at a cost of $1 a pound increase the protein 
tcontent 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 -variouscarriers such as salt, tea, trying to 
:addithem to the-kind of things that people do-ingest. 

tSome .particularly striking work has been done on nutrition in 
India by AllenuBerg, who worked for Bill Gaud inthe AID programs. 
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D VfIlNG m.TIGK NITRITON FOO)S 

Another program that some of us collaborated on that I tiik 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 bilt yoa 
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? 

It is said that peopl6 in India, during the areat Bengal famine of: 
1942,-starved to death because they werewibg to eat wheat. They 
were rice eaters. To the extent we can tailor -high protein foods to 
traditional eating habits, a great deal will be accomplished: 

There is currently, and Bill Gaud can corrAct meon this AID spon2' 
sorship of a dozen or so American food development programs, pri
marily in Latin America, seeking to tailor enriched foods in traditional 
forms in both beverages and solid foods. Private American food cor-
porations are working hard in this field. 

This area of food technology, concentrating on nutrition and prtein: 
needs is a very, very important one. I testiAed before the Joint Eco
nomic Committee earlier this week and suggested -we ought to have a. 
food and nutrition policy in the United States where less developed. 
countries are concerned. 

COUNTERFRODUGTIVC EFFECTS OF PUBLIC LAW 480 

In the mid-1960's we realized that a substantial part of Public Law
480-Food for Peace-may have been counterproductive because it
resulted in receiving countries neglecting their own agriculture. To
paraphrase some conversations that I have had with ministers of agri
culture in less developed countries, they would tell me, "I go to the 
finance minister and say, 'We have to -have food.'We are facing serious: 
problems.' He would respond, 'I have a lot of problems butanot enough 
money. If we have a problem, we can always get food from the United 
States.' 

Such conversations actually took place. So we developed what came
to be known as the short tether policy. We said to LDO seeking Pblie 
Law 480 help, "We want to help you, we don't want anybody'to go
hungry. But if you axe going to receive food from 'us under Public-
Law 480, we expect you to begin to make a major input into your own 
agriculture, and if you don't do that, we won't be very cooperative." 

We developed a program between AID and Agriculture to-carry
out the short tether policy. And it worked. The-budgt' for agiculttre 
and the use of foreign exchange-irthe LO move dipsharply. 

TOSTERING NUTRITION POLICIES IN THE LDC'S 

I would like to see us extend the short tether policy to food and 
nutrition. I don't know a LDO in the world, that has a national nitri
tion.policy. I don't know a less developed country that has sat down. 
and triedto gather all the data as to their nutrition problem, what
resources they have to attack malnutrition, and how should they go
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ajjo~t :d~vel~pin'k .~. natX~ii.t11 : ritiiri,tioii. '.pOlicy? ~~vety' :,LDC rieed~ ,~ 
P9li,di qn' fo~d.a:n,cl J;l\lttition,.to su]J'plementthe",progra'in for agricu.lL 

ture that over the·Jeirs most'olthemHave dgveJoped·:J , <'.Ii.':) ,... , . :.: 
.' 'It" is'sh~efhl' and;shocking, 'thiiJthere' is'mf'estiiriia.fe:-d:iOmillion 

tons ofpr;9ti~in. going:to w~ste i4less .~ev.elopeircolmtries/Tli'e' residue 
when you 'have taken the oil crops,'soybeans,'c6ttonseeds,'coconut and 
peartuts, an,d squeezed out the vegetable oil, has a high protein content, 
yet little 'ofit reaches humans. It is fed (0 animals a,ndjri 'iriap.y" places 
it is used for fertilizer. What a ·wretched· waste:tJiaf is! ',j" :' '.' 

: The ,first step'thenshould be:tous'e what is.iiit·ha'nd and to'begiu to 
n,pply~om~ of the new nutrit:ion technology ill: the less, developed 
world~ So far I· have not observed' in' any less' d~veJ9ped'countrieq;: in 

, their' political leadership, a' Sel),Se of concern a:holltnuti-itiQI\. If the 
'current a:dmi'nistration is 'follovvingthe: shorqether'pblicy ·and requir.: ' 
ingagricultural progress is 'the less-developed cOlij1triesas 3; colidition 
to he:lpiIig them, and I hope they are, I would urge ·th:a.t that" policy 
be exten~ed to require a food and nutrit~on P9licy as wen. ' , ,'" . " 

1 : ' ;. 1 •••• • . ~ '. (..' ..• , •. 

THE GREEN REVOLUTION AND EMPLOYMENT· 
'" 

. 'The second point I would like to make, and I am sure that Dr. Lester 
: Brown,will bring this into sharp focus this afternoon~it is emphasized 
~ery well iIi his ,exciting n.ew boo~, "Seed;:; of Ch~ng~," t.o be P'\;rblished 
early n~x"t'·year~i's the question Of employmeD:t, and p'iech.a:riizatioIi . 
. . I thihk we have made some 'serious mistakes in'the United States in 
our own'agricultural revolutioil: We mechanized Ipellmel1','w~th the 
objective of seeing how much we could produce .yith as little labor as 
possible. Maybe·ill; the long rllU it·will prove to haye;oeeU'a g6.od thing. " 
But in tlw proye"ss we .disp~a~ed millions of people and dumped the!p 
in the big cities. 'We are paying the price for this in many ,yays now . .r think we could have made it possible for s.ome Qf these displa;ced 
people~Q s~~y in thear:eas jn which they. stan.ed;b1ft'Y~:igii'or~d that 
possibilIty .. : ,:.r. ,,'::, , :.' ',' . '. ' " :.,' ......",' ': 

One of" the elements in '"the' Green . Revolution ,that"s61far' is largely 
overlooked is the potential for additional eriiployment~ '.' " ,: .' " 

We all know the populations' are increasing.at'a, fearfuhate in these 
countries. Actually popu1a~ion increasesare excee9.ing migration to the 
citie~. And that is producing seyere consequences. The slums of Bom
bay and Calc~tta,.f0r ex~mple,fuake thos<rof th~ 'United $tates -loo~ 
tame, hard as that IS to belIeve.' ,. ,. < , 

In Calcutta there are 100,000 people who just-roam a:nd sleep in 
the streets; they have no home of any kind. :. . :. ~... :' . 

What can be done with these people? How can they get jobs? If 
somehow they:'601ild' have an iricomethey.would oeCOhlti"a. real factor'iii 
theecononiy..' What 'a. tremendous. thrust and stimulus' that would .be 
to prog:ess;-'T~e buyi1;lg po;w.erof t~e",masse~'if?'-'Yhat is missing.' It 
could trIgger the entIre economy. ' ,-r,' 

INCREASED USE OF LABOR 

.' 'rlj.e w~weultu.rai.praGtjcesrequiredby ,the. Green.ReV"~luti6ii re
ql!ire a 19to(add.itionallabor.',They·callfor careful seedge"dprepara~ 
tiOll: They re'qliire the application of fertilizer selectively arid well. ' 

http:agricu.lL
http:J;l\lttition,.to
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They take exhaustive weeding or the weeds will soak up -the ferti
lizer. They require the careful application of pesticides. In some in
stances, double, triple, and even quadruple eropping will take place. 

All 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 production and 
labor. 

Irrigation is t good example, calling for the use of pumps to lift the 
water. If you can get the water, you,can produce two, three, and four 
crops a year. T.hat means a sharp merease in the demand for labor. 
We ought to mechanize irrigation aggressively. In many less developed 
countries there is a,shortage of labor mpeak periods, during planting
and harvesting. That is when machinery should be used to meet heavy
seasonal labor needs. But otherwise, the policy should be-to maximize 
the use of people. In the process, you can maximize the production 
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. 

POLTIY OF SELECTVE MECHANIZATION 

A. policy of selective mechanization ought 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
tion will take care of itself, for people will eat if they have the money 
to -buy. 

Each country, I would urge, should carefully review and examine the 
potential of the Green revolution to provide jobs. I would like to-see 
U.S. policy directed to maximize that use of labor in the agriculture 
of the less developed countries. In that way, we could make a very, 
very important contribution to the less developed countries and spark
the so-called. takeoff point economically by creating purchasing rower 
in the rural areas of the less developed-world. 

I hope those two comments, nutrition and. maximum la'bor utiliza
tion, contribute to the discussion. Thank you, Mr. Chairman, for the 
privilege of participating.

Mr. Tn-oansoN. Mr. Gaud. 

STATEYAENT OF WILLIAY S. GAUl), EXECUTIVE VICE PRESIDENT, 
INTERNATIONAL FINANGE CORPORATION, WASINTGTON D.C. 
(FORMER ADMINISTRATOR, AGENCY FOR IN1TERNTIONAL 
DEVELOPMENT)-

Mr. GAvem. Thank you, Governor Thomson. 
Mr. Choarman, members of the committee, and ladies and gentlemen,

I1would 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 
agricultural in nature and in character. 

PROBLEM OF LAGGING FOOD IRODUOTION 

You can't get overall development in a country most of whose popu
lation is rural and agricultural unless you can move the agticultural 
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 .as 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 rin. It doesn't get anybody anywhere in 
the long run. As the Secretary said, we, in the last few years, hate 
recognized this and have been following a short tether policy with our 
food 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 lot 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 a good many years. 
This is not an example of instant development. 

ELEMENT OF DRAMA IN NEW BEEDS 

A great many things have -been going on which have had a cnmu
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 Rockefeller 
Foundation, the Ford Foundation, and others culminated in the pro
duction of the new varieties which produce so much more food than 
the old. 

38-612-70-3 
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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 impor
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 
Trkey, Tndia, Pakistan, and the Philippines because idividual farm
ers could see for themselves what a difference they made. 

The normally complicated business of the development process
how to get a country to develop, how to get people to change their 
attitudes-suddenly came down to a very simple proposition: one man 
seeing his neiarhbor doing better than he was doing. So these seeds 
had a tremenous effect, and they made the job of increasing food 
production much easier than it had ever beentefore. 

now AID RESPOrNDED 'TO OPPORTUNITY 

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 be, though still 
not ready enough. Similarly, with respect to program loans, we con
centrated on financing 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 incentives 
to farmers to grow more food. 

All 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, as you have heard from a couple of the speakers this 
morning-and as most of you already know-have been significant. 
Not particularly because of AID'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.miost important result, it seems to me-and I amlooking at 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 countries 
to the governments and citizens of the developing countries. 
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LDO S HAVE CAUGHT IDEA 

It is the South Asian peasant, the agricultural ministers of de
veloping countries, who are demanding more fertilizer, seeking 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. It is not all sweetness and light. Everything 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 Asia. 

There has been very little progress in Latin America or in Africa. 
I 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 WTURE 

But it is going to take 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 agricultural and 
pricing policies; they must continue to devote large parts of their 
scarce foreign 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 importaCnt 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 is not a matter of just taking over to those 
countries what we have been doing here. 

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

I would sum up this way the situation that exists today: Thanks 
to the new varieties 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 little 
as 5 or 6 years ago. But theyitre still a long way from home, and most 
of them haven't even started yet. So there is still plenty to be done. 
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Thank you, Mr. Chairman, 
Mr.,TXoMrsoN. 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 FOUTNDATION, 
NEW YORK, N.Y. . 

V1. I-inbm. Thank you, Governor Thomson, Mr. Chairman, fellow 
panelists: The analyses that have been made,thus far, it seems to me, 
show how the Green Revolution is contributing to enlarged food 
supplies for the hungry, better nutrition for the malnourished, and 
improved quality of life for-the less advantaged. 

What my brief discussion will attempt to do will be to supplement 
the foregoing comments With some. generalizations on what is taking 
place, why, and suggest'some possible implications. 

As has been pointed out,, international research teams have demon: 
strated that man can develop higher-yielding, more efficient plants. 
Success wifh'new production packages for wheat and rice have helped 
to create ag environment conducive t6.an -escalation of biological 

FOUR CONDITIONS OF FOOD TECHNOLOGY SPREAD 

he production package idea has gained -widespread acceptance as 
a reseaelfx and testing concept and as a.vehicjle for demonstration, 
teducation; and the spread of new technology. 

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

rRODTTONI. SUPERIOR PACKAGE" 

First, a superior production package was tested and at least almost 
ready for use. Opportunities to raise output per acre not by 5 percent, 
not 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 blanks. -


II. CO AfrrrnmT IEY GOVFRNMEN' 

'Second, commitment and leadership were provided by governments. 
Education, training, and applied research were supported._This-was-
not a promotion by outsiders. Most of the-worlethat Wias done was done 
by the nationals in the countries; 

- -Actions wer taken to reduce the price and.income uncertainty that 
farmers'faced. That fact has to be underlined. The absolute level of 
prices is often less important than the degree bf price and income 
uncertainty which a farmer faces as he considers adopting and apply
ing new production technologies. 

' 

. 
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II. DOMESTIC FOOD DEFICIT 

Third, a domestic food deficit situation existed. 
The comment has been been 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 food 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
sure in the Latin American countries, or in most of the nations in 
Africa. 

With deficit-induced high food prices, highly favorable factor-prod
nt price relationships were maintained-at least up to that point the' 
domestic requirements were met. Rice and wheat in West Pakistan 
are cases in point. Imports, in a deficit situation, were cut back as-do
mestic production rose. 

This is a fairly easy kind of an operation to mana'ge up to the point
that import substitution needs are met-if one has the technology. 
Internal product prices were set at higAh levels which bore very little 
relationship, at least at the onset, to world prices.. 

The foregoing conditions do not hiecessarily prevail in many other 
developing nations about which we are now asking: Why has not the 
Green Revolution 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. 

Uncertainties were reduced. National organizations 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 helped 
execute the effort. 

Perhaps the unsung hero of the Green Revolution is the farmer. 
The ]engthy 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. 

Farmers have rather consistently responded when it was clearly in 
their interest to do so. 
- Governments are, in my opinion, today, more than formerly, aware 

of and interested m agriculture as a contributor to development. 
Planners are comingr to understand that farming is a teclnology-based 
rather than primarily a resource-based industry. 

For example, in Argentina, they are now beginning to realize that 
the Pampas are not an inexhausti'ble-resource; that technology has a 
place in changing agriculture 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 production thrusts can, at least under these four 
conditions outlined, increase production. Nevertheless, rising output,
be it industrial or agricultural, is but one of the changes essential 
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to an enlarge~nent 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 STAMP ON GLOBE 

They have evolved, tested, and helped to place in use a new set of 
yield-increasing practices. As a result, a technical foundation now 
exists for new, high levels of tropical rice production. The advanced 
technology, however, fits ideally that relatively small portion of mon
soon Asia where the paddy is most productive. 

At a recent conference at IRIRI, the scientists estimated that in 
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 teen little influenced by the recent technical advances-x
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. 
This 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 I 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 Green 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 
happens-because the Adapted technology that is required is really not 
yet mn hand. 

Because of the work that has been done, supplies of rice and wheat 
are now available-and available at lower prices. From the consumner' s 
viewpoint this is great. Translation of this gain, the more sure supplies
of foods at lower prices, to the improved welfare of all requires im
provemnents in distribution and employment opportunities,, to which. 
Secretary Freeman just referred, as well as in production. More is now 
known about the requirements for production than isunderstood about 
the social consequences of-tachnological 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 consumers to buy, the 
worsening plight of the many marginal farm families--these are the 
p)ressing 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 agricultural products. The new tecimologies associated with the 
Green Revolution'tend to be unit cost reducing. Because 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. 

ABUNDANGE: "A PROMISE, NOT A REALITY 

In conclsion, then, widespread abundance, as has been pointed out, 
is still a 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 agriculture 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 is through its pragmatic demonstration that 
man need not be satisfied with an unsatisfactory lot that the Green 
revolution speaks most eloquently. 

Mr. THo-msoN. Thank you, Dr. Hardin. 
Mr. FusEn. Mr. Chairman, I 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 a junior member of the committee, I will follow the seniority 
system and call on our chairman first. 

IIOW CAN COOPERATION BE IMPROVED ? 

Mr. Z&aBLORI. In your presentation, Dr. Myets, and all three of 
the panelists, former Secretary Freeman, Mr. &aud 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 participating 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 Revolu
tion, our agricultural tecluology, 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 permitting the 
panelists to take a bit more time than 5 minutes. 

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

A GROWING EFFORT AT COoPERATIoN 

Mr. Mrnns. Mr. Chairman, this is, as you have said, not an easy 
question to answer. 

There is, I am convinced from my own experience, a growing effort 
being made by the various agencies-involved in extending assistance 
to the develqping 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 is developed in a number of ways. Dr. Hardin and I are, I 
believe, the only ones present today who had the pleasure to attend 
a meeting which the Rockefeller Foundation hosted in Italy 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 
Canadian International Agency. JNDP, and others-are and how 
these agencies could perform their roles more effectively. 

There will be a meeting in Italy in February of the next level of 
people in these agencies, the people who have direct responsibility 
for their agricultural programs, to discuss more in depth how their 
efforts can be coordinated more effectively, 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 CONSORTIIUS 

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.-AID, the foundations, FAO, and 
so forth. The local representatives get together periodically to develop 
a better understanding of what they are doing, why they are doing it, 
how they are doing it, and how they can improve their programs. 

I believe each agency 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
tutions, the efforts of the externa agencies tend to be better coordi
nated. 

Finally, I suggest that dooperation 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 it to be much better than in others, simply 'because the people in
volved want to cooperate and make greater efforts to work together. 

THE GREEN REVOLUTION AND RED GFHINA 

In reply to the second part of your question, I believe we can and, 
should develop more effective woridng relationships and cooperation 
n 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 scientists of the International Rice Research Insti
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. 

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 know, because none of us has access to this 
kind of information, but there have been-such rumors at least. 

There is much to be gained, it would seem to me, because if people 
are less hungry -andless in want, they may be less difficult to live with. 

RECOMMENDS "SHORT TETmER" POLIOY 

Mr. FREMA7. 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 various places. You can cooper
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 youbave to put your money where your mouth is. 

If we are going to want to cooperate, want to further this, we will 
have to 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 one of the most important 
ones. But recognizing we can't force things on people, by the same 
token, I think we ought 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 a 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 LOOK. -UP TECHNOLOGY FROM CHINA 

I think in -connection with China, that is an academic question at 
the moment. They don't want to talk 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 talk with them. A very eloquent language is the 
language of food and agriculture.

For my part, we couldn't look up this technology if we wanted to. 
If I were makina the decision and Communist Chiua wanted to have 
us cooperate with them in trying to strengthen their agriculture, I 
would vote "yes" and be prepared to do so. 

http:about.it
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RBOOMMENDATION OF PEARSON COIMrISSION 

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

I agree entirely with what Dr.Myers said. 
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 pointing out the 
difficulty of trying to get a disparate bunch of organizations to work 
together: bilateral aid agencies, multilateral aid agencies, private 
foundations, developing countries-none of them with a common boss. 
How do you get them to cooperate and work together? 

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

The concrete suggestion that the Pearson Comuission made-if you 
can call it a concrete suggstion-was that the President of the World 
Bank should 'call a confeence within the next 6 months or so of the 
heads of the various organization~s and agencies involved in the aid 
business, and try to work out some more effective method of co
operation. 

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

I do believe that the degree of cooperation has improvedl 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 
Conmnission that a try be taken at working out some overall method 
of coordination such as they suggest. 

Mr. Hami. 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, ant your co
operation is problem focused rather than organization focused. 

We have heard that Cuba, for example, is using IIR--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 a rie production problem, presumably. There were 
helpful answers to the problem. People are being servicd presumably
because something concrete had been done ajbout the problem. I agree 
with the comment that science-reallyknoaws 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 a 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. ZAnLocur. Thank you. Mr. Fraser.. 
Mr. FnusEn. Mr. Brown had his hand up. 
Did you have a question on the same point? 
Mr. BrowN. On the same thing. 
Mr. FRAsEn. Why don't you add your eomment? 

LAC. OF COORDINATION IN CONGRESS 

Mr. BRowN. On the question of coordination and cooperation, I 
think a. number of the developing countries are finding themselves 
in a, 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
clines in food aid with increased aid in other forms such as fertilizer. 
Food aid is the responsibiltiy of the Agriculture Committee and far
tilizer and other forms of aid of the Foreign Affairs Committee; and 
there is 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. 

Mr. FRASER. Thank you. 
I can help- answer that in one way. Our committee 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 problem. 
Mr. Ada.ir? 
Mr. ADAmI. No questions, thank you. 
Mr. FRASER. Congressman Findley. 
Mr. FiNDLEY. Thank you very much, Mr. Fraser. 

DO FOUNDATIONS GET MORE FOR MONEY? 

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 AID? 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 AID investments. 

If there is such a disparity in the investment-benefit ratio between 
foundation money and government, what can -wedo 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. 

I observe that tat 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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ECONOMICO ANALYSIS OF EFFECTS OF NEW SEEDS 

Mr. Mrnns. Let 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 is being quoted in this 
case. I am not sufficiently well acquainted with the economic-analytical 
teelmiques which -were used by Dr. Schultz and his students in making 
this kind of an analysis to give a categorical answer. 

It is my understanding, however, that so far as possible in the eco
nomic analysis, Dr. Schultz and his students have removed the effects 
of-other factors that were involved in expanding agricultural prochuc
tidn, 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 correct, and I believe it is, the factor'of the investment 
in irrioation facilities, for example, has been removed in their analysis 
of -thebenefits from the investments in agricultural research. 

- cAPAnlrns: FOUNDAlONS VERSUS GOVERNMENT 

The first question is more difficult to answer precisely. It is 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 suffiientlytangible, 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 a number of forced also coalesced 
to cause the Green Revolution. 

It would be unfair, theiefore, to conclude that we are so much more 
efficient in our operations than United States-AID is. I would like to 
think we are, but I would not want to try to prove that we 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 fotindations can select the problems on which 
they focus and the places where they work purely on the basis of 
merits as assessed by their officers. The foundations cannot and are not 
expected to work everywhere on everything. 

econd, 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 recruit for our staff 
highly dedicated career scientists who know that they will be con
tinued on the- sta-f for so long as they continue 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 



41
 

and assirauce that the resources will be available to carry on the 
program to its logical termination. 

I would suggest that we might give more consideration to long range 
planning and commitment in our Government international develop
mnent off orts. 

Mr. FrAsE. Thank you, Dr. Myers. 
Do any of the panel want to comment further on either of the two 

parts? 
GOVERNMENT ROLE IN GREEN REVOLUTION 

Mr. GArb. I would like to add a word on that. It seems to me that 
the foundations and aid agencies such as AID have complementary
roles. I agree efitirely with what has just been said, that an aid agency,
and I don't care whether it is the U.S. AID 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 
think that 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 suggestion that AID take over what I believe to 
be the foundation's part of the Green Revolution. I--think AID's 
job is a very different one. Just.as a foundation has great advantages
in carrying on a long-term research job, AID, if it is given -the rer 
sources by the Congress, is better suited than the foundation to carry 
on a, large-scale training effort, to carry on large-scale technical as-. 
sistance efforts, to provide fertilizer under nonprogram loans, and 
to help build fertilizer factories. . I 

I 'think, Mr. Findley, it is a question of rendering unto Oaesar 
what is Caesar's and rendering unto God what is God's. I don't think 
the two situations are really comparable. 

FOUNDATION WORK: "TI OF ICEBERG 

Mr. HAnalN. It seims to nfe that some of the things the foundations 
have done emerge as the tip of the iceberg. If you look at India and 
Pakistan in terms of what actually happened to move the rice and 
the wheat; the varieties were only the handle to the pack-ge. 

Where did the fertilizer come from? How did it get there? How 
-werethe people trained? How was the irrigation plannec and financed ? 
How did- the whole organizational structure get- established at the 
village level and up? 

These represented inputs not only from United States-AID but 
from national and multinational agencies all across the board..It is 
grossly unfair to say that any one entity was the architect of this 
whole job. -

It was ateam effort. It required very substantial resources, human 
and financial, that did not and could not come from the foundations. 
The total requirements were.completely beyond the capabilities of the 
foundations. - -

Mr. FRASER. Any other questions from members of the subcom
mittee? 

Are there any questions from the audience ? 



42 

rUTURE ROLE Or FOINDATIONS 

Mr. LTLE Somzz (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. M-ns. I listened especially to the latter 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 beginning to be by U.S.-AID, Canadian International De
velopment Agency, 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 indicated, 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 soon when we will be minor contributors to the 
ongoing research efforts of these and possibly other institutes thnt 
may be developed and that AID and others will be the major finan
cial contributors. 

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

Mr. FRAsnR. The time is now 11:30, so we -have to end this panel's 
discussion. On behalf of the suboommittee, I exten1 our thanks to 
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 
ECONOMIC IMPACT OF THE GREEN REVOLUTION 

INT.ODTIOTION OF DR. MOSHER 

Mr. ZABLocxI. 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. ADAm. It is my privilege, Mr. Chairman, to introduce the author 
of the second major .paper to be presented here today, Arthur T. 
Mosher, president of the Agricultural Development Council of New 
York City. 

Dr. Mosher has been 'active in rural technical assistance since 1933. 
From-that year iitil 1953 he was closely connected with.the Allahabad 
Agricultural Institute in India, engaging in a number of experimental 
programs of extension methods, and- serving as principal of the in
stitute frNm 19481to 953. 

From 1953 to 1955, Dr. Mosher was visiting research professor of 
economic development and cultural change at the University of 
Chicago, from whichlhe received a Ph. D. in 1946. * 
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After serving at Cornell University from 1965 to 1957 as director of 
a seminar on comptrative extension education, Dr. Mosher was ap
pointed executive director of the Agricultural Development Council 
in 1957 and became president of the council in 1967. 

The author of several books, the most recent being "Gettbing Agricul
ture Moving" (1966), he has written numerous articles on problems of 
agricultural development and served for several years as chairman of 
the Research Advisory Committee of AID. 

Dr. Mosher will discuss the political, social, cultural, and economic 
impact of the Green Revolution. 

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

Mr. MosnRn. 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 probably just as well. So far, at least, we have not had any 
violent differences -of opinion. I think this is one of the hopeful signs 
of what is happening with these new varieties. 

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

In outlining the major economie, political, social, and cultural im
plications And effects of the "green revolution," it seems to me to be 
useful to divide them into three groups. 

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

Second, there is 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 ]olicy questions involving national 
goals both within and beyond agricultural production itself. 

Some of the problems that these create must 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. 

I. EFFECTS THTAT 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 increased de
velopment activities feasible without causing inflation. 

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

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

It has resdted in much greater private investment in agribusiness 
enterprises; those businesses that supply farmers with proauction in
puts and that market and process farm products.

It has, of codrse, resulted in a greatly heightened awareness of the 
value of biological research. 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 farmng.

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

Finally, the changes brought abbut by the Green Revolution are 
demonstrating the interlocking unity of rural and urban, and of agri
cultural and industrial development. In doing this they are introduc
ing a new realism into general planning for development. 

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 
Foundations practically alone that began and carried through the most 
important research activities that made it possible. 

ater, international and bilateral aid agencies played important 
notes. They all now know that this kind of cooperation can be highly
eflective. 

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-vhile others 
change the social, economic, and political climate in ways that facili
tate additional gains in the future. 

UI. EFFECTS TIIAT REVEAL DEFIGIENOIES 

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 -caughtunprepared. 

It has been estimated that the area in the new high-yielding varieties 
in Asia increased 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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ESTIWATED ACREAGE IN NEW HIGH-YTIELDING VARITIES IN ASIA 1 

Year Acres 
1964 65 ----- --- _ __-----.. _ _- _-____- __-___ - _-200 
.965-66 ------------------------------------------------------- 37, 000 

1966-- -,-..--------------------------- 4,800,000
1967-68 -- - - - -...- --..- -.- .._-- -.. _-- - 20, 000,000 
1968-69 -- -.-- 34, 000 000 

I*Dana G. Dalrymple "Estimated Area of Higl-Yielding Varieties of Grains in Ten Asian 
Nations," Internatonal Agricultural Development Service, U S. Department of Agrlculture,
November 1968 The 1963-69 figtre represents goals. 

INCREASED DEPENDENCE ON PORGHASED 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 production is a powerful stimulus 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 easy. . 

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 fertilizer requires either very large in
vestments -domestically or considerable amounts of foreign exchange 
if they are to be imported. -

Pesticides require less in the way of capital investment but their 
manufacture is an intricate process, subject to large economies of 
scale. 

In. addition to seeds, fertilizers, and pesticides the-successful culti
vation 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 a country 
develops its own sources of supply, providing the purchased inputs' 
on which the new agriculture is dependent can make very heavy in
roads into a country's limited supply of foreigi exchange. 

From 1960 to 1967, the percentage of India's total export earnings 
required to. fnance fertilizer imports alone rose from 21/ to 20 
percent.' 

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

RISE IN CASH COSTS OF VARNM PRODUCTION 

'closely associatel-with the increasing dependence of modern farm
ing on purchased inputs is an appreeable rise in the cash- costs of 
farm production. The cash returns, of course, can be far greater both 
to individal farmers and tonational, economies. - 

I'3rowh Lester R "'New Directions in World'Agriculturo," Second International Con
ference on-Wait on Hunger. Washington, Feb. 20, 10S, 

8-612-70----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. 

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

An estimate with respect to wheat in India is that growing a high
yielding variety and practicing appropriate cultivation techniques 
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 inpreases 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 individual farm operators who need it. 

INCREASED NEED FOR 2IfAiRKETiNG, STORAoE, PROCESSING, AND 
TRANSrORTATrON mcntrIrs 

If we have been caught short by the rapidity with which the Green 
Revolution has spread with respect to arrangements for providing the 
off-farm facilities on which inoreased production depends, we are 
equally in temporary difficulties because of a lack of adequate provi
sions 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 rapidly
taken hold are those where facilities for handling farm products 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 NED FOR PUBLIC SERVICES TO AGRICULTURE 

Every modern agriculture is heavily dependent on a number of 
services that must be publicly provided. Where these are inadequate,
it places an additional constraint on the spread of, the Green 
Revolution. 

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

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

'Borlaug, Norman I.; Narvaez, Ignacio; Aresik, Addvar; and Anderson, R Glenn: "AGreen Revolution Yields a Golden Harvest" Columbia 3ournal of World Business, vol. IV,No. 5, September-October 1969, 
a ManD, S. K., Moore. C. V., and Johl 9S , "Estimate of Potential Effects of New Technology on Agriculture inPunjab, India,/' American Journal of Agricultural Economics, vol.50, No.2 (May 1968), p.289. 
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which most of the new varieties have come can provide basic seed 
stocks and information that can be applied directly under a large
number of local circumstances. 

They cannot, however, provide the continuous protective research 
needed to control 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 regions with particular 
combinations of soils- moisture availability, markets, and tother local 
factors. 

Consequently, a well integrated program of agricultural research 
in each country is essential as a complement to the major international 
centers if maximum advantage 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 lag in making important,
facilities available. 

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

What is required now is primarily a 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. 

III. TiFrEOTS THT RAISE IMPORTANT POLICY ISSUES 

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

How these are handled will have considerable repercussions on rates 
of economic growth and on the social desirability of the outcome. Be
cause they will differ from country to country and because the inter
actions among them vary we do not know as much about them as we 
need to. 

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

TENDNOY TOWARD LARGER rARMS 

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 access to 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 over those whose farms are still small. 

These two tendencies, taken together, are likely to lead progressively
toward an agriculture 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. 

It can be a wholesome shift, if adequate jionfarm employment oppor
tunities exist for those forced out of farning, but in most of the de
veloping countries that condition does not prevail now nor will it for 
several decades to come. 

TENDENCY TO MAIE FAR3 3MEGIEANIZATION AMORE XROFITABLE 

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

,tial to multiple cropping; artificial grain drying where that becomes 
necessary; the application of power to water pumping for irrigation; 
and adequate implenents 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 result 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 IMPACT ON EnIPLOTHENT OPPORTNITIES 

A third substantial effect of the Green Revolution having policy 
imp91ications is its impact on employment opportunities. This has 
previously been referred to. 

Much has been said about the race between 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 numbers 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 
require 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 frofitably be employed in farm
ing in the absence of widespread mechanization. -

In addition to 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 
become increasingly important as agriculture becomes more commer
cial are another source of employment. So are the construction and 
operation of new irrigation facilities to expand the area, within which 
the new technology can be used. 
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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 opportunities 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 labor 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, 
anid the result may even be a net reduction in total employment oppor
tunities available m the country. 

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

Almost every developing country will need increasingemployment 
opportunitieswitkin agriculturefor at least the next 25 years in order 
to keep up with the rising size of its national labor force. No conceivable 
realizable rate of industrialization can keep up with the total net 
growth of the labor force in most developing countries at the present 
time. 

Most countries will have to increasethe number of persons profitably 
employed in agricultureif they are to provide employment for all of 
their people. 

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

INCRFLLSED REGIONAL ANfD LOCAL DTIFERENOES IN FARM INGOE 

The Green Revolution is creating a wider range of farm incomes 
in each country, both regionally and locally. Where the new-technology 
is available for some crops but not for others, those parts of each 
country that are suited to the growth of crops for which new tech
nologies are available 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.

Even 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 to' develop between owners of 
land and other farm operators, and also between farmers who differ 
in-managerial ability. 

Owners.of farms can profit more from a given increase in production 

http:Owners.of
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because they do not have to divide the harvest with a landlord, and 
they generally have greater access to 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-. 
mg considerable amounts of credit in the process, is vastly different 
from the management of a 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 teclologies 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. 

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
lems in the countmrlide in countries that are predominantly rural and 
there its effect so far has been to increase the incomes of those already
better off in the parts of each country that already were more pros
perous. Its effects call for new policy '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 economic problems of people living in the less advan
taged rural areas. 

CHANGED PATTERNS OF INTERNATIONAL TRADE 

Next, the Green Revolution is already having a major effect on 
patterns of international trade. Every developing country is now
strongly motivated by a desire for self-sufficiency in every commodity
possible, but paitionlarly 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-comimodities that cannot be produced domestically.

However, to the extent that any country reduces its imports of a 
particular conmmodity it reduces sone other country's exports. Conse
qnently, every gain made by a particular country in a.particular com
modity tends to change the pattern of international trade. Each coun
try faces a somnewhiat different problem at this point.

Much more attention needs to be given to these problems if rising
production, particularly of rice in Asia., is not to lead to serious foreignexchange problems among the countries of South and Southeast Asia 
mn the near future.
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DANGER OF SUPPLY EXCEEDING ECONOMIO DEMAND 

Finally, preoccupation with tasking steps to increase 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 taken 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 a lowering of the price of the grain involved, and 
the latter route would requireeither 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, 'require more rigorous grading, more careful handling in 
storage and shnpment, and, in some cases, a shift to other varieties that 
wouldbe more acceptable to foreign buyers. 

Whatever route is taken, the success of the Green Revolution on 
the production 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 detrimental develop
ments that should be avoided. They are, instead, effects 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 appropriate 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, social customs and religious observances that mean 
much to people. They change opportunties for migratory labor on 
whidh many people have depended. 

The rise of new kinds of commercial and governmental activities in 
villages causes changes in social 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 especialy disruptive anid hard to deal with contrnctively. 

IV. POLICY CONSEQUENCES 

While differing sets of local circumstances call for different policies 
with respect to individual problems, the impa~t 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 farn commodities: Some of the 

problems we are encountering arise from the fact that high-yielding 
technology has been developedt for only a few farm commodities. 

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

2. 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 facilities 
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 larger farms results from their 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, land scarce, and alternative employment 
opportunties scarce, greater production per acre may be achieved on 
the smaller farms if they have access tothe facilities they need. 

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

Instead, it only means that a 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-sufficient in wheat does 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 eat. 

Even in the United States with our substantial surpluses and con
siderable exports w'e still -have inaAy hungry people. Self-sufficiency 
lias-serveitf§a 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 
agricntural development in 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 change. 

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

profitably be imported. 
In order to create a modern agriculture a country must have its 

own national system of agricultural researchthat borrows what tech
nology it can from abroad but adapts this to its own peculiar local 
circumstances and constantly seeks to protect its crops and livestock 
from pests and diseases. 

It 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 .evelop 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 is 
to increase its production needs. 

It must have a set of public policies and programs that give farmers 
a strong economic incentive to produce efficiently. 

It 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 technicians 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 kindof pTanning, 
and less to planning primarily to secure a certain increment 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: Each country where the Green Revo
lution has occurred has some reoions within it having immediate 
potential for agricultural growt11, and that potential should be 
exploited. 

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

Each country has other regions with a futwure potential for agri
cultural growth-future either because a new technology for the crops 
it can grow has not yet been 'developed, or because it must first have 
irrigation or physical access to the national economy. 

Other regions' have Zow potential for agricultural growth even 
though many farm families may now be living there. Equity -and 
political pressures require that attention be paid to all of these, but 
the programs that make economic sense in each case are different. 

Any effort to brino- 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 because of the dependence of the growth of agriculture and 
industry 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 will affect the 
trade patterns of all countries, including those of the United States. 

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

Similarly, our aid policies need now to 'be revised in the light of 
changed circunstances, 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 tRevolution that confront us with difficult problems. These 
must concern us. 

lWe 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 in the beginning that are 
unambiguously constrdictive. 

The dreen Revolution has shown that there is a solution tto agri
cultural stagnation. It confronts us now with the problems of progres
sive development. That is a much better set of problems to have. 
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INTRODUCTION OF DR. CARROLL 

Mr. ADAm. Thank you, Mr. Mosher.
 
Our first panelist, Thomas F. Carroll, Chief, Agri-Economics Unit,


Inter-American Development Bank, and adjunct professor of cco
nomics at George Washington University. 

A specialist in 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. 

Hie has. also done extensive field work in agricultural economics, in
cluding service as FAO 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. Carroll has written and lectured frequently on the agricultural 
problems of Latin America. 

STATEMENT OF THOMAS F. CARROLL, CHIEF, AGRI-ECONOMICS 
UNIT, INTER-AMERICAN DEVELOPMENT BANK, WASHINGTON, 
D.,C. 

Mr. CARoLL. 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 tny innovation ultimately de
pends on advances along many fronts, and at the sare 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, I should like to 
underscore and perhaps elaborate a bit on two issues. Both will be im
portant in considering foreign aid during the seventies. 

THB MIX OF AGRICULTURAL TECHNOLOGY 

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. Machies may be needed at some further 
point of the chain of development, but the starting point is a relatively
inexpensive biological invention followed by a gradually expanding 
system of input services. 

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 extened to other 
crops and to other crop-animal production systems. Olearly, this 
awareness had not yet been translated by the international aid-giving
agencies into appreciably greater investment programs. 

INCREASING AID FOR AGRI-RESEAROII 

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

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

It is, of course, true that it is not only the amount of money that
counts, as relatively small amounts of funds if systematically and care
fully applied to key problems over a nunber df 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 between the international scien
tific community and national goals and institutions. Few foreign aid 
prowrams now have thesetcharacteristics. 

mWhile much more must be done in biological and adaptive tech
nology, the serious policy problems mentioned by Dr. Moshler, 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 SOGIAL SCIENCE RESEARCH 

We have macle much too little progress in social science research in 
devising viable institutions and services especially for farnt credit,
marketing, extension, management and agro-industrial assistance, sothat the spectacular new production possibilities could be fully andrapidly used. --

Much of this need is in the realm of "software teelmology" rather 
than hardware technology. These aspects of the technological complex
are clearly more dificult and controversial than physical and biologi
cal work. They mean not only new tools but also new organizational 
patterns, new forms of decisionmaking- and organizational1 behavior,
all of which may rim 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 
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are available, the basic limiting factor to 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 forms of physical infrastructure. 

THE ISSUE OF EMPLOYMENT 

My second point is on the important issue of employment, mentioned 
not only by Dr. 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 Green 
Revolution, .ural employment problems and its counterpart, income 
distribution problems, may become more serious. In Latin 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 
in 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 increase 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
ciently. Could the Green Revolution provide more jobs and increase 
peasant incomes? 

CONSEQUENCES OF APPLIED FAME TEONOLOGY 

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

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

But it may reduce rural employment opportunities and increase the 
burden of the disadvantaged who -will have to join the ranks of the 
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landless, become migrant workers, or-swell the unemployed in 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 fa.rmer's needs, the employment and income dis
tribution problems mentioned could become even worse-and aggravate 
social tensions. 

TWO STRATEGIES OF DEVELOPMENT 

In the concluding section of my comment, I would like to give you 
rapidly two exampes of possible strategies which could take advan
tage of the new biological tecbniques without deleterious effects on 
farm employment. Fortunately, the seed/fertilizer revolution does not 
require large farms; small family-size units can also benefit froin 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, processing 
and other services. 

The Green Revolution is a serious challenge to find optimal coin
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 AGRO-INDUSTRIAL DEVELOP3ZENT 

One of the examples is decentralized agro-industrial development. 
In 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 thenew production possibilities shotild be 
more fully realized. 

Such systems can take advantage of important economies of scale 

and through complementary investments create the conditions for 
Iller 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 a 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 locatidn of food 
processing and qther agro-linked industry can be brought closer to 
their sources of supply and their clients. They would reduce the con
centration of industrial activitiesin-the large urbar centirs and expand 

- economic-actiVites generally in interior areas. 
Deceihtralized fertilizer manufacturing and mixing, which takes 

advantage of new hydroelectric power sources, a.ppears 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 agricul
tural livestock and forest products should also be considered. Shorter 
transport routes for inputs and outputs would lower prices and thus 
assist in broadening the market for farm pro ducts. 

It is also plausibe that a number of isolated and incremental invest
ments which at present appear uneconomic can be shown to be viable 
by carefully 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 it implies convergence of in
vestments around the number of "growth poles." The case for inte
grated agro-industrial planning 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 is different from the usual pilot or 
demonstration project in that it must be large and dynamic enough 
to become self-sustained ald to radiate its influence to a,large hinter
land. 

11. DEVELOPMNT OF COOPERATIVES 

The other example I have chosen is in the field of cooperative'de
velopment. One of the most promising forms of rural organization 
through which employment and income goals can be reconciled with 
technological and productivity consideratious is the farm cooperative. 

I suggest that the potential advantages of cooperatives and quasi
cooperatives can be more fully explored and used in future develop
ment strateoies. 

Cooperatives can be strategic in a variety of situations, e.g., where 
relatively smal operating umts need to be.combined with large service 
units providing mputs. The always searce managerial talent and 
heavy equipment can be concentrated in the cooperative, thus realizing 
economies of scale. When it is possible to reduce costs and gain better 
product distribution by joint handling of storage, transport, process
ing, and other aspects of the marketing system, cooperatives can be 
easily justified. Cooperatives Lave'also proved themselves in situations 
where credit extensionand other educational services can be more effee
tively performed on a group basis. 

The rural cooperative movement in Latin America is still in its 
infancy. Efforts to transplant cooperative ideas from other regions
have often failed, but promising experiences with comunuity 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 where peasants are already organized into unions and where 
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they have been exposed to community development or self-help pro
grams. Successful continuation of initial group activity on the local 
level also depends on the emergence of second-level federations or 
hiaher level groupings with linkages 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 in the benefits of the development process. 

SU2IIARY OF XAJOR OINTS 

Let me summarize 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 
innovations, and management systems must complement work in the 
biological and hardware technology fields. 

3. The new food grain techniques present an extremely favorable 
opportunity for development which simultaneously increases output 
and. provides a wider distribution of income and employment. How
ever, this calls for special and, in some areas, controversial and polit
ically sensitive strategies. Small farms, 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, h1nnan-oriented rural progress. 

Thank you, Mr. Chairman.
 
Mr. AnAn. Thank you, Mr. Carroll.
 

INTRODUcTON 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 U.S. 
aid mission to India from 1964 to'1965. A specialist in economy in 
government, Dr. Lewis received his Ph. D. from Harvard in 1950. 

Following his graduation, he became a staff aide to the Council of 
Economic Adviser's but returned to teaching at the University of 
Indiana in 1953. 

From 1961 to 1968, he was chairman of the department of business 
economics and public polity in Indiana's Graduate School of Business. 

He was appointed a 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 AID program in India. 
He served there until earlier this year when he was named to his pres
ent position. 

Author of "Quiet Crisis in India" in 1962, Dr. Lewis has written fre
quently on economic development and planning. 
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STATEENIT OF JOHN P. LEWIS, DEAN, THE WOODROW WILSON
 
SCHOOL, PRINCETON UNIVERSITY, FRINOETON, T. 

Mr. Lnwis. 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 more about it, another reason being that this one country,
which, as you know, accounts 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 one that you mentioned in your 
question, Mr. 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 Indiatn case. 

It certainly is true for India, as Bill Gaud has said, that the break
through in food grains production in the past 3 or 4 years, deserves 
the label of a revolution. It is not only the most hopeful 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 surround 
this with some caveats as I go along, and although I am very, very
mindful of Secretary ILardin'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. 

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 havebeen registered by others this morning.

I think you can say that the trend has been shifted from a,growth 
of about 21/2 percent annually in agricultural production from 1950 
to 1965 to something in the neighborhood of 6 percent a year, and 
that this will continue for a while. 

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

A PROFOUND CITANOE IN INDIAN DEVELOPMENT 

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 itmeans that it is now physically
feasible, administratively feasible, for the per capita growth for the 
economy as a whols to go up to something like 3 percent annually. It 
means that food grains production, which had in the past just barely
kept pace with the growth in population and, with rising demand,
had resulted in a widening gap between demand and supply, now 
can rise for a while significantly faster than population growth and 
overtake demand. 

As I read through Dr. Mosher's paper, in its early portion where 
it touches on, really, the subject of the preceding session, referring 
to matters of causation and explanation for wiat has happene, 

38-612-70--5 
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I was 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 (ongressman Findley's question. But I think that 
this subject has really been very -welldealt with by the discussion as a 
whole, 

I 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 
ingredient in what has happened (you really have to have something 
to peddle before you can get much response)-it is 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 SELF-I(ELP BEORT 

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. I emphasize also that in the Indian case, while those of 
us who were involved as kibitzers and ailders and abetters did play 
sorne role, this was very much an India show. Going back to times 
when it looked as if the fruitfulness of eftorts to build an infrastru
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 about agriculture. 

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

That would be my third point in talking about what has-happened
that not only has the change been complex, and not only has it been 
m considerable part an Indian effort, but, in addition to the technical 
side of things, it 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 19066, particularly,
that were instrumental to what has since happened.

Finally, in this introductory portion of my remarks, I 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 TJ.S. 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 
manner in which program assistance an4 in which Public Law 480, 
was given, particularly beginning about the middle 1960's. 

PROBLEM OF CBOTTLENECK. FACTORS" 

With respect to Dr. Mosher's paper, let me also say a word about 
his second set of points, about the effects of the Green Revolution that 
reveal deficiencies-in other words, about the point that, as you get 
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something going that seems to pivot around seeds, fertilizer, assured 
water, and incentives, and as agriculture becomes profitable and 
starts moving, you run into a whole lot of lagging bottleneck factors 
that have to be dealt with in a reasonably timely way if things are not 
to be derailed. I thoroughly agree with this as it applies to ludia. 
There are many such bottlenecks, many such laggg areas. 

I put a little bit different gloss on it, however. Here Dr. Carroll has 
anticipated me by referring to Professor Ilirschman. He, I think, 
taught many of us to realize that this is the way you expect success
ful development to happen. When it succeeds, you get a thrust, one 
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. 

BREAXING DOWN BOTTLENEOKS 

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 going to be heard from this afternoon, is 
associated with the foreign company that pioneei-ed 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 of us would 
like to see, is inaeed coming up very, very rapidly by any .sort of 
absolute standard. 

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

I have been very pleased at the movement bn 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 general 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 success of the Green Revolution is conspicuously 
enough and widely enough realized so that agrictilture 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 Trmers have discovered that they
Iiow 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 uneasy, be
cause I couldn't agree more passionately, really, with the notion that 
the last 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
fumbles that could be made from outside. If the fertilizer in heavy 
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fertilizer imports still required were not fundable, then this could 
certainly block matters. 

But I think that the process that is underway, taken together with 
the fact that the Green Revohution 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 techol
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 been 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 case sometime ago.

All of this makes me think that there is here a potential for momen
tum for some years to come in the 1970's. 

SOCIAL STESSES 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 a fellow to summarize his thinking in 5 minutes. 
But ITwill 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 contexrt of the 
Green Revolution is to eass up -on the agricultural push, itself. 

This is the thig that is providing the new growth dynamic to the 
Indian econ~omn, and the only effEctive way of contending withesocial 
inequities in an economy this poor in general.

The main problem of inequty 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 chane to participate in the development process, be
cause it hasn't been going fast enough to provide them with tools, jobs, 
or real increases in incomes. 

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

So I thoroughly agree -with Dr. Mosher's paper as-it applies to India 
on tis count..---

INDIA: lTETRTNG rROBLErf OF ECONOMIC INdUTICE 

-In the secondf place, however, I do conclude that in India there is a 
festering, potentially explosive problem of economic injustice, and it is 
indeed being, in a certai 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 
mn any case would be tending to wear thin. 

Some of the old tranquilizers, the Nehru iinage, the a]lamor of the 
independence movement have, of course, progressivey worn off. 
But in addition, as Dr. Mosher points out, the Green Revolution does 



65
 

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 witi some very disadvantaged people. 

I want to try and make this point carefully, because 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 thinking going 
on about this problem in India, particularly in Delhi, as far as I 
kow-in the Government of India, i privats groups, and in the AID 
mission now for perhaps 18 or 24 months.1 

GREEN REVOLTVION EFFEcTS ON FARM CLASSES 

My own tentative conclusions are that-the technology of the Green 
Revolution is not particularly skewed against the little farmer, is not 
particularly skewed, let us say, in favor of the big farmer, though he 
has earlier access to information about it, and does have greater access 
to capital, 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 catching on 
a little bit later on. Thus he would be particularly vulnerable to a. 
breakdown 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 a 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 it is 
considera 1 more. These people, however, are destined to be left 
behind by tlis kind of agriculture. 

Third, 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, which is the largest and the most serious 
in its plight; and those are the agricultural laborers. 

DFECTS OW EMPLOYMWNT 

This brings to the matter of employment, the employment effects of 
the Green Revolutlion. It is perfectly,true, or seems to be perfectly true, 
that the early effects have been to increase employment. This is because 
production has gone up so very fast that although output per worker 
has been rising with the new technology, total production has been 
iising 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 agricul
tural labor market is going to be very soft because of the natural in
-crease in supply, the additional flows, as I suggested, of the minifarm
ers and the dispossessed tenants, people reclaiming their land, and be
-cause there will be some continuing mechanization. 

I sympathize a lot 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 achieving 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 a profitable industry. 

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

I would hope, myself, that they will use some graduated taxes, ex
cise taxes, on particularly labor displacing mechanization, but 1 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 the labor market is a soft market. 

Indian farmers are not going to prove to be any more philanthropic 
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 PUBLIO WORKS CONSTRUCTION PROGRAM 

My final point is that, in a sense, what to do about this is p6rfectly 
well known. It has been written about and talked about for a long 
time. 

There are, to be sure, some other things you can do. Organized indus
try is not going to provide a great part of the increased employment. 
I have great sympathy with the growth center proposition that Dr. 
Carroll has mentioned. But the increments and direct employment 
you du get from that are somewhat limited, I think. I dof't think 
that you can prohibit mechanization completely. 

The answer is a very, very ambiguous construction progranm that 
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--a. kinds of construction of farn to market roads, of ditches,
drains, of the infrastructure for these decentralized growth centers 
that Dr. Carroll mentioned, of urban redevelopment because the peo
ple in the cities are already there ancLhave-an urgent need for services. 

There are almost endless;, high payoff things that can be done with 
a labor intensive public construction program. The Green Revoli
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 India. 

Now with food becoming increasingly abundant, you have the food 
resources to, if you will, finance this kind of thing. 

But there is just one big catch,,one big hangup. That is that even 
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though this is labor intensive, you are going indirectly to generate 
considerably increased requirements for imports, 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 availability 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 rOR FOREIGN EXCIANGE 

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 for-more 
dollar assistance, 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. AnDA. Thank you, Dr. Lewis: 

INTRODUCTION Or DR. MELLOR 

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

A graduate of Cornell, Dr. Mellor has taught there since 1959 and 
became a full professor in 1961. Helhas been an associate director and 
director of the Center for International Studies at the university, and 
spent 1963 and 1964 at the Indian Agricultural Resources Institute, 
New Delhi, as a visiting professor. 

STATEMENT OF JOHN W. MELLOR, PROFESSOR OF AGRICULTURAL 
ECONOMICS, CORNELL UNIVERSITY, ITHACA, N.Y. 

Mr. MnLLon. The new high yielding varieties of grain 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 increases the supplies of 
those commodities 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 result 
of widespread application of the high yielding varieties of grains. 
There is, however, a substantial widening of disparities in income
many of the already well-off having larger absolute and percentage
increases in their real incomes than the lowest income groups. In addi
tion, indirect price and employment factors may result in 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 rateof 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. I discuss below six areas within which policy can act 
to narrow income disparities and at the same time foster the produc
tion increases associated with the high yielding variety programs. 

INCREASING EMPLOYMENT 

1. Increasing employment: The most disadvantaged group in most 
low-income countries is 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 
foll6w policies for expanding employment. 

First, there can be more emphasis on rural pueblic works programs,
such as roads, schools, power distribution lines, and irrigation and land 
improvements. These programs become possible because of the en
larged food supplies for absorbing the increased purchasing power 
which goes with the greater employment. The returns to these works 
becomes greater because of the higher degree of commercialization of 
farming associated with the high yielding 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 continue a useful role even without the context of 
rapidly rising production if demand is expanded commensurably with 
the supply, through 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 imited stocks of capital. This, again, is 
possible because the food is there to take care of the increased pur
chasing power accompanying expanded employment and because the 
higher incomes of farmers greatly expand the demand for such 
products. 

INCREASING FARE PRODIOTION 

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-requiring more in
puts, including labor, in the production-of a greatly increased output. 
They also lend themselves, through their potential for shorter growing 
periods, to more double and triple cropping. 

More important, 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 n producer of calories for sustaining the 
bare minimum of human life. 
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A number of policies are needed to enourage the increased intensity 
of farming which the high yielding varieties facilitate. Many of the 
more appropriate commodities are perishable and provide complex 
marketing problems. There is a need for research on how to increase 
the yields and improve the production practicesfor such commodities. 
The quantity of purchased inputs required for intensive farming is 
large and requires larger and more complex credit programs. Pro
grams to aid the small farmer must be based on econonic analysis of 
these problems and potentials. 

BROADENING BASE OF LAND OWNERSHIP 

3. Broadening the base of land ownership: Particularly where the 
new high yielding varieties of crops have been applied during periods 
of relatively high agricultural prices, there has been a 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 displace 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 intensifying production and therefore having 
a slower rate of growth of production or introducing mechanization 
which may cause a net displacement 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. 

PRICE POLICY 

4. Price policy: The new high yielding varieties of crops result in 
greater production and substantially reduced per unit cost of produe
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, fruits and vegetables which provide increased 
employment and for which demand is highly elastic. Success in pre
venting such. price declines in effect transfers income from the poorer 
urban and rural classes to the wealthier rural classes. 

Price stabilization programs which prevent sharp fluctuations in 
prices may facilitate further production increase. Such programs
need. not provide higher average prices. However, increasingly well 
orranized commercial farm groups may succeed in using a price
staization mechanism to obtain income transfers to themselves. 



70 

AVAILABILTY OF PMRHASED INPUTS 

5. Ready availability of purchased inputs:- The high yielding
varieties are improvements over old varieties primarily because they 
are much more responsive to high rates of utilization of inputs such as 
fertilizer. If the inputs are not avail able, the benefits are not received. 
In a situation of scarcity, cultivators with small holdings and with 
consequently less economic, pdlitical, and social power are least likely 
to obtain the inputs. 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 overall rates of prodnc
tion.growth and from the point of view of helping the small-cultivator 
the most useful means of dealing -with this problem is by making in
puts abundantly available. With an easy supply situation small culti
vators will normally obtain ample supplies. Even in the case of 
lumpy capital investments, as for private, electrically driven wells and 
n some cases tractor services, the small cultivator will be better served 

by an abundant supply of these capital items and consequent contract 
hiring of Services to those with small holdings. 

INFRASTRUCTURE INVEfSTMENT IN BACKWARD REGIONS 

6. Infrastructure investment in backward regions: Regional dis
parities in income are likely to be -widened by the new high-yielding
vaxieties. This is because these varieties tend to respond most vigor
ously under the already most favorable natural conditions and where 
past investments in infrastructure *havebeen most substantial. Thus 
regional income disparities tend to 'be cumulative as the-already pros
perous areas obtain a better response from the high-yielding rarities 
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, education, 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. ZAstooxr. I am sure you would all agree that the presentations
heard and the discussions in our first session were very fine. 

So, too, 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.] - - ------

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, I 
would like to invite the questions to the second panel from the observ
ers, the audience, first. 

That will reverse the order, so to speak Members of Congress can 
ask their questions later, if they have questions. 
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I 1mow there are many of you who have, questions. Undoubtedly, 
many of you will present your statements and writingsby December 19, 
so that they may be included in the symposium record. 

The symposim will now recess until 2 o'clock. 
(Whereupon, at 1 p.m., the subcommittee recessed, to reconvene at 

2 p.m. the same day.) 
AFTER RECESS 

(The subcommittee reconvened at 9 p.m., Hon. Clement J. Zablocki 
(chairman of the subcommittee) presiding.) 

Mr. ZAnLoOKi. 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. 

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

At the conclusion of the third session, there will be a.showing of a 
prize-winning filn, "A. Future for Ram" depicting effects of th6' 
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 -whohave other commitments need not stay for
the film. But we do hope those who are able to would remain after the: 
tonclusion of the third session to see this very effective and inspiring 
film. 

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. John W. Mellor, or if there any questions to anyone 
at the dais, we will entertain the questions from the floor. 

Does anyone have a question, please? I 

PRQBLEMrS OP AGRICULTURAL OEMICALS 

Mr. LANDSnEG. My name is Hars Landsberg, from Resources for 
the Future. I am wondering, I don't know who to address this to on 
the panel, but is there aty possibility that there is rising concern over 
the adverse effects on the environment of agricultural chemicals of 
all kinds, particularly the ones that transcend 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. I am ask
ing this question, because I see a great rising emotional wave here that 
could easily spill over from what is going on in this country to other 
countries, and yet in any other country the cost-benefit relationship 
might ibe quite different. 

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

Mr. ZABLooa. Dr. Myers ? 
Mr. Mnms. 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 crops and his domestic animals. Ohemicalt pesticides ivill
 
almost certainly have to continue to be used, if we are to sustain the
 
advances in agriculture we already have, and to continue to expand

production.


As we increase the intensity of production and cropping, using of 
improved varieties which occupy large areas of laud., add fertilizers-to. 
get more vigorous growth, and so forth we tend to accentuate the clam
age that can be done by pests. 

So, as I say, I see no alternative but to continue to use the chemical 
pesticides. fopefully, over the next few years, -we will be developing-A
fairly 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 he reduced. 

Personally, I do not foresee 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 
available. 

I believe that the efforts torban use of DDT in certain areas would. 
ntot have succeeded had there not been viable alternatives in terms of 

osspersistent insecticides to control the same insects that DDT was 
being usedto control. 

It is a threat to the Green Revolution-this concern about the 
-pesticides and t is a legitimate conceru. I frankly cannot believe,, 
however,'that we willtrecduce millions and millions of people into star
vation by the banning of the use of pesticides. 

Mr. ZABsooX. Yes, Madam. 

PICE AND INCOME UNoERrAINTYM 

Dr. NessoN.'lly name is Louise Nelson, Davidson College. I would 
fike 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. Thalm. The techniqes that have been used have been largely
price supports at a minimal level, while at the same time, working at 
the factor product price relationships. It 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 endururg
incentives maybeestablisheds But fo one believe that then it makes 
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 andlis
tribution, we have an opportunity to reduce the real cost of the pur
chased inputs over time. By gradually removing the subsidies as real 
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 Argentina. Similar re
lationships existed in the interior of Brazil. 

In contrast, U.S. Corn Belt farmers last year bought a pound of 
nitrogen with a'bout 21/2 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 their production 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 
technolozy. 

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

EFORT IN LATIN AMERICA 

Mr. Trrat. I am Curt Tyler of International Basic Economy 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 foundations have brought and thatAID has brought, 
concern of our own Government expressed here today, the reference 
earlier to FAO. I 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 which will come out of this commit
tee's concern. 

Dr. MosnER. 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 it has been this biological breakthrough that 
has resulted in considerable production increases in particular parts 
of the world. 

If this confeience 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 prbduction 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 30 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 increase in agricultural production follow
ing the introduotion of irrigation systems. 

In a sense there is a tendency to give the credit for a.breakthrough 
to the last essentiaZelement to be added.And if 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 andy those 'parts'of individual countries 
where prior to that time the other essentials of agricultural develop
ment were already in place.

Now when we talk, as we do this morning, about some of the 
things that still have to be done, like getting irrigation where we-don't 
-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 TRE UNITED STATES 

This leads to the second comment I would make on your question.
It does seem to me that with respect to what could be done through

-AID, 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 AID should now have at least one 1mowl
.edgeable adviser in each country who is well schooled in what the 
-elements of creating a modern agriculture are and who can help
-individualgovernments 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 EVOLUTION AND POPULATION 

Mr. TRANoR. I am Mr. William J. Trainor of the State Department
and I just wondered in some of the areas where the Green Revolu
tion is taking place what is the prognosis of the group as to the effects 
of the revolution on population increases? 

Dr. Mosnn. I think there is not much 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 
run. 

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. ZAnLooKz. Dr. Myers? 
Mr. Mxrns. May I add some comments to this? 
I think what Dr. Mosher has said is 'absolutely right. As one im

-proves food supplies and the quality of food, that is, improve nutri
tion, one reduces the infant deatk-rate, -

An interesting aspeef 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 control and population control. If they are 
assured that more children will live to maturity, people are willing to 
reduce the total number of children with which they- start. The urga
to have surviving children is strong and there is little incentive to
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limit 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 economica1 
welfare of people improves, generally speaking, their concern about 
overpopulation increases. They become more concerned about provid
ing economic opportunities to their children and,.therefore, are more 
interested-in limiting family size. 

I 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. ZAmLocxi. It is my understanding one of the panelists of the 
third session has some views on this? 

Mr. Paddock. 
THE QUESTION OF POPULATION 

Mr. PADDOCK. I believe this question of population is an extremely 
important one, and I am really surprised it has not come up before 
now. If it -were not for the growth in the world's population, we 
would not be discussing the Green Revolution. 

I think it is perfectly obvious that if you provide these countries 
with more food, there will be more people. There is no alternative 
since we are not Vble to limit births. I am concerned over the conse
quences of increasing the food supply when we have no way, really, 
to stop the -population explosion. The dismal theory of Maithus, 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 corollary, 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 because you increase the total 
number of people. 

TTE CASE OF IELAND 

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 Irishmen there, living in misery. Then along came a Green 
Revolution with the introduction of the Irish potato from this him
isphere. Because of the potato, output per acre grew spectaculatly, as 
did the number of Irishmen in response. 

The population grew to 8 million people by 1886- Then a new 
disease arrived in Ireland, the potato blight, which caused a series 
of crop losses. 

Two million Irishmen died; 2 million Irishmen immigrated to the 
United States; leaving 4 million Irishmen living in Ireland 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
creasing the desire of people to huint their population is an interesting 
theory. It may be true. There 'are no fads, however, to back it up. 
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I 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 USE K1WOWLEDGD 

Mr. ZABnocxi. Dr. Hardin? 
Mr. IARLmy. If I might comment on the question Mr. Tyler raised 

a moment ago -with respect to Latin America and relate it to what 
Dr. Paddock has just said, I would argue that -we should stress the 
quality of food, protein nutrition of people related to the quality of 
human beings. 

In Latin merica frequently the concern is that excess supplies will 
drive down prices at the farn' 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? I'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 malutrition 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 theorem tested. 

Mr. ZABLooKT. The Chair will now entertain questions from the 
members of the committee. 

Mr. FINDLEY. Not at this point, Mr. Chairman, thank you. 

NEED REVISION IN AI TROGRAM 

Mr. ZAuLocxr. Dr. Mosher, on page '19 of your statement, you sug

gest, "our AID policies need to be revised in the light of changed 
circumstances." 

Could you be more specific what changes are needed and why? 
Mr. Mosmrn. In the first place, when the question was asked earlier 

whether AID should be conducting research of the type in which the 
Rockefeller and Ford Foundations have pioneered, I was reminded 
of my conviction that AID and its predecessor agencies should never 
have been criticized for what they did or did not do because they have 
never had a. 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 sufficiently divorced from the political process that it 
can have its own personnel policy, its own program formation, so 
that over a period of years it can develbp a program that is-profes
sionally determined on the basis of the requirements for agricultural 
development, and be allowed to pursue these activities year after year. 
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ECONOMIC VS. POLMOAL 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 ained 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 in which AID is authorized to oper
ate keep changing, and the proportions in which funds can be allocated 
to different countries keep changing from year to year in response to 
shifting political considerations. 

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

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

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

CONTINUITY OF TOLICY, TERSONNEL 

In summary, it seems to me that if the AID agency were in a posi
bion to have continuity of policy and -personnel and attract -first-class 
people it 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 a program would 'bethe 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 -partof it, also, would be to -workon those factors that are pre
requiste to the readiness of individual countries and parts of countries 
to move ahead rapidly. 

Mr. ZAnrooxT. 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, -asto the future of our AID program.

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

8-12-70-6 
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SESSION III: PLANNING FOR THE FUTURE OF THE
 
GREEN REVOLUTION
 

Mr. BxoownnD. Thank you very much, Mr. Chairinan. 
Now we have surveyed the past and present effects of the Green 

Revolution, 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

cil of Washington, D.C., and former Administrator of the Interna
tional Agricultural Development Service, U.S. Department of 
Agriculture. 

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

Recognized as a 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
eign agricultural policy before being named Administrator of IADS 
in November 1966. 

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

STATEMENT OF LESTER R. BROWN, 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, thnks to the introduction of high
yielding 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 efforts 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. TiH NATurE OF THE REVOLUTION 

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 malnutrition, development of the 

I The length of this paper results from a suggestion by the committee to summarize, for 
the record, the more pertinent findings of a book by the author on the Green kevolution,
Entitled Seeds of Change, this book is to be published by Praeger Publishers in February 
1970. 
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"miracle" wheats pnd rices is a far more meaningful achievement. For 
the 1 billion Asians whose staple food is rice, the "miracle nice" 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 Pakistan, a nation of 130 million people and, 
ats recently as 1961, 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 between 1965 and 1969. Assuming 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 on rice imports, becoming a rice exporter. 
Among the other Asian countries that are beginning to benefit from 
the new seeds are Turkey, Burma, Malaysia, Indonesia, and Vietnam. 
Even 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 fertilizer. Their principal dis
tinguishing 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 yield of grain and the grain would fall down or 
"lodge," causing heavy losses of grain. The new cereals are short and 

:stiff-strawed, making them capable of responding to nitrogen appli
cations up to 120 :pounds 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; a pound
applied to the new ones yields an additional 15 'to 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 spread. In Asia where they are being adopted most rapidly, the 
total acreage planted to the new seeds has grown as follows: 

Acres 
1984-65 ----------------------------------------------- ------- -200 
1965-66 -------------------------------------------------------- 7, 000 
19667------------------------------- ---------- ---- 4, 800, 000 
-1987-68--------------------------------------------------- 20, 000, 000 
1068- ------------------------------------------- --------- 84, 000, 000 

The agricultural breakthrough has not yet been achieved in all poor 
-countries, and it -is so far con ed to cereals, principally wheat and 
rice. But it has already arrested the deteriorating food situation in 
.some of the most populous countries of Asia-India, Pakistan, Indo
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nesia, Turkey, and the Philippines. The incidence of hunger is slowly 
beginning to decline as food consumption rises. 

The new seeds, of course, do not provide an -ultimate solution to 
the food-population problem. The collision between population 
growth and food production has been averted only temporarily. But 
the new seeds have bought time in which to seek a breakthrough in 
contraception comparable to that in plant breeding. 
Engines of progres& 

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. Ra-pid 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 Europe.

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 irri
gate more frequently and with more precision; they must use fertilizer 
inI 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. 

Teohnology by the sAipload 

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 market price. 

TABLE 1.-IhlIRORTS OF HIGH-YIELDING MEXICAN-WHEAT SEED INTO ASIA 

-Tonnage Tonnage
Country Crop year imported Country Crop year imported 

Afghanistan-------------- 1967 170 Pakistan----------------- 1966 350 
India -------------------- 1966 250 1967 50 

1967 18,000' 1988 42,000 
Nepal........... _ - 33 1967------ 5 Turkey------------------ 60 

19G7 450 1968 22,000 

Source: Dana Dalirymple, "Imports and Plantings of High-Yielding Varieties of Wheat and Rice in the Less Developed 
Nations," Washington, D.C : International Agricultural DevelopmentService, IIS Departmental Agriculture, YJashington,
1968, pp 2-3 
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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 handful of. seed which, is multiplied to a half 
bushel, then a quarter ton, ten tons, four hundred tons, eventually pro
dueing enough to release the-seed commercially. Pakistan imported 
42,000 tons of the new wheat seeds in 196Z-68, 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 WREATS 

Planted area Planted area 
Country Crop year (acres) Country Crop year (acres) 

Afihanistan-------------- - 1967 4,500 Nepal ------------------- 1966 3,500 
1968 65,000 1967 16,200

1968 SI,3001989 300,000 Pakistan --------------- 1966 12,000 
India-------------------- 1986 7,400 1967 255,000 

1957 1,278,000 1968 1,800,000 
1968 6,681,000 Turkey ----------------- 1968 420,000 
1989 10,000,000 1989 1,780,000 

Source. Dalrymiple, op ot, p 2. 

Imorts of seed rice from the Philippines similarly accelerated the 
diffusion of the high-yielding dwarf rices,such as T1-8. Perhaps more 
important than the actual tonnage of the dwarf wheats and rices im
ported is the prototype they represent, which local1 plant breeders can 
refine and modify specifically for local growig conditions. The new 
seeds are thus raising the sights of agricultural scientists, ushering in 
a new era in agricultural research, Jaya and Padma, two promising
rices released in Eastern 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 
cle la Gruz, when asked what variety of rice he was going to plant 
nlext season. "I don't know," he unhesitatingly answered. "I' still 
waiting for a newer variety." 

II. TELESCOrIC rOGRESS 

In some countries, the new seeds have already generated a "yield 
takeoff"-that is, an abrupt transition from a condition of near-static 
yields to one of rapid, continung iecreases. Tins the new seeds 
have made possible a 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 
is most dramatic, reflectng 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 thatavery large share of the wheat crop' was-brought under irri
cation in Mexico between 1950 and 1960.. The combination of these 
actors trebled wheat yields in 15. years. 
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FIGURE 1. 
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FIGURE 2
 

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, Morocco, and Iran-appear 
to be on the verge of similar yields takeoffs in wheat. 
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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 irri
gated, have achieved a yield takeoff (see Table 3). Thailand, Indo
nesia, India, and East Pakistan are not far behind.
 

TABLE S.-WHEAT AND RICE PRODUCTION TRENDS IN SELECTED COUNTRIES 

[In thousands of metric tons] 

heat Rice 

West . 
Year India Pakistan Ceylon Pakistan Philippines 

1960------------------- ------------ 10,322 3,938 Gil 1,547 2,408 
1961------------------- ------------ 10,977 3,847 613 1,692 2542 
1962------------------------------ 12,072 4,129 682 1,645 2.579 
1953-.............1..3------------- 10,29 4,215 698 1,7S0 2,498

'1964------ ------------------------- 9353 4,197 716 2 028 2,595
1965-------------------------------- ,290 4,626 515 1,977 2,647 
1966 ------------------------------- 10,424 3,786 649 2,049 2,657 
1967--------- - 11,393 4,394 780 2,288 2,832
1968------------------------------ 16,568 6,477 913 150 2,990
1969-------. 1,000 7,000 () (1) () 

I Not available
 
Source: U.S Department of Agriculture
 

These 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 Europe, 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 of the literature of development, has often bred more disillusion
ment than hope 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 uip to now. 
Higher incomea 

Increased production from the new seeds is abruptly raising incomes 
and living standards for literally millions of rural families in poor
countiies throughout the world, It is, this incredible opportunity to 
raise 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 
from local varieties; in Pakistan, somewhat more than four to one; in 
India, four and a -half-to one. In West Pakistan, with virtually all 
rice under irrigation, the margin in rice is just under two to one; in 
East Pakistan, where irrigation is limited and the high-yielding rices 
are grown mostly durin the dry season, it is nearly four to one. 
In the Philippines the margin is much less; consumer resistance to 
the taste and texture of II-8 reduced its price to 30 percent below 
that of traditional varieties, thus offsetting some of its enormous yield 
advantage. Even 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 VARIETIES' 

Local
varieties 

High-yielding
varieties 

Wheat 
Turkey-----------------------------------------------------
Pakistan............ ----------------------------------------
India -------------------------------------------------------

532 
13 
17 

80 
54 
76 

Rice ,
West Pakistan 
East Pakistan----- ----------------------- ------------
Philippines ---------------------------------------------------

25 
30 
81 

45 
119 
140 

'Data are drawn from a number of sources and represent either attempts to estimate national averages or the results 
of surveys The data therefore should be taken as indicating the orders of magnitude of net income with the prices pre
vailing at the time of the estimate. Within any country there is a great variation, depending upon yields and costs of 
inputs. Most data are for the 1968 crop year. 

The thirst for water 
The new seeds are generating an enormous thirst for irrigation 

water among millions of farmers in the poor countries 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-scale irrigation that farmers 
can install in a matter of clays 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 undei' 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, a large proportion of 
which replaced traditional bullock- or hand-powered water lifting 
devices. 

Farmers in the delta 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 arie now green with 
a second crop of rice. 
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.Far'ringaround Oe calendar 
Wherever grain is grown, nature and tradition have usually com

bined to set a limit of one crop a year. In the higher 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 
-tomaintain soil fertility have traditionally limited 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-4high yields, early 
maturity, and reduced sensitivity to daylength---open new vistas for 
;multiple cropping. Farming around the calendar with two, three, 
and occasionally even four crops per year is becoming feasible in 
the tropical and subtropical reoions, wherever water is available. 
Scientists at Los Banos regulaxiy harvest three crops of rice per 
.year. Each acre they plant yields six tons annually, roughly three 
times the average annual yield of corn, the highest yielding cereal in 
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, divorcing it from the traditional seasonal 
-crop vycle, which dictated not only planting and harvesting times 
but the timing of religious festivals, weddings, and a host of other 
;social events as well. Land which traditionally lay idle during the 
dry season is being used more and more to produce food. 

W1hat had not been realized earlier was the great yield advantage
of the dry season over the wet season, providino, of course, water is 
.available. Data from both Indonesia and the Piltppines 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 parts 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 
'in the dry season. Grain sorghum is a natural to'combine with rice 
in the dry season. With water and fertilizer, certain varieties of sor
-ghm tiller after harvest, i.e., generate new stems and leaves, to 
produce a second and thiird crop of grain from the original planting.
Fields at Los Banos are producing eight tons of grain a year from 
' 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 season are 
obvious. The Tucreased utilization of farm labor, draft animals, and 
farm equipent which formerly lay idle in the dry season, combined 
with higeryields, makes dry season cropping exceedingly profitable.
And the likelihood of substantially higher profits justifies investments 
in dry-season irrigation facilities, such as tubewells, or water-im
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ivounding structures, which were not financially attractive with the. 
,older varieties.-

Multiple cropping in the equatorial latitudes inakes a virtue of the 
very solar energy that has such a debilitating effect on human beings 
an 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, 

r. mnANSPERanIN TEanotOOY ACROSS BORDERS. 

Global network of researchinstitutes 
The transfer of the new seeds and associated technologies across 

national boundaries which has made the agricultural revoLution pos
sible is impressive in scale. But perhaps even more impressive is the 
fact that this transfer of technology is being -institutionalized. This 
provides strong reason for believing that the momentum of the revo
lution 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 in what has come to be called "agri
business," universities and national and international assistance 
agencies. American ezperience 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 19-3 has already yielded returns 
of 700 percent per year for Mexico alone. The ultimate global return 
will not be known for many years, but it is apparent that it will be 
fantastically high. The acreage planted to Mexican 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 benefits from 
the use of these-hybrids outside the United States. Data on overall in
vestments on publicly financed agricultural research in both the 
United States and Mexico indicate returns of 300 percent yearly. 
These estimates do not include most of the work undertaken by pri
vate agribusiness corporations, which today fiance over half of all 
U.S. agricultural research. 

Perhaps the single most profitable investment in agricultural re
search to date is that of the Ford and Rockefeller Foundations in the 
International Rice Research Institute 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 1961-68 
rice harvest was $300 million higher because of the new IRRI 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 associted with the new varieties have 
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not been deducted. Nevertheless, it is,clear that the return to society 
on the original investment is exceedingly high, and the benefits de
rived from the iices and improved production practices developed by
IRRI are only beginning to appear.

Several institutions, including international assistance agencies,
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 a giant step forward in the development of the new seeds. 
The decision by the two foundations to pool their resources and estab
lish a global agricultural research network 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 as 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. 

TRANSFERRING TEoHNsOLOGY: TE MULTINATIONAL 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 extension services, led by county agents, were the principal 
means through which the results of this research reached individual 
farmers. 

Since World War Il this picture has changed dramatically. Today 
most agricultural 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 hig y trained sales and service 
forces of these corporations. "Agribusiness" has found it very profita
ble to invest in 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 countries. As increases in farm production become more de
pendent upon purchased inputs, and as the proportion of farm produc
tion that is marketed rises, investment in-agribusiness becomes more 
important. Ir fact, that investment must grow much faster than agri
cultural production itself. It is difficult to see how this needed new 
instrument in the poor countries will be found without engaging the 
capital and the technical resources of the multinational corporation 
on an ever 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 at the M. V. 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 Imows no national boundaries. It 
promises to lower the cost of food production throughout the world. 

Right now, with cereal prices still attractive 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 succeeding
three years. Fertilizer use in India, which increased only slowly dur
ing the early sixties, more than tripled from 1966 to 1969. The story
inTakistan and Turkey is much the same. 

As another example, Standard Oil of New Jersey (ESSO) 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 
ESSO's plant in the Philippines, but also for other associated inputs,
such as seed, pesticides, and farm implements. Mamed by trained agri
culturists who can provide farmers with technological advice and 
services, these have become one-stop shopping centers for Filipino
farmers. Established just as the new varieties were catching on, they
are making a strategic contribution to the gains in Philhppine ie 
production. 

In the 1970's, agribusiness investment by private multinational firms 
in some poor countries could far surpass that going into extractive in
dustries and thus be much more we&come 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 hhve 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 agricultdiral revolution provides the 
setting for a more pragmatic approach to this touchy issue. 

IV. SELECTED SECOND GENERATION PROBLEMS 

Seed& ofinstability 
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 seeds 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 boycott against the 
farms where the new seeds were being planted umtil landlords agreed
to raise wages and share some of the handsome profits that were being 
realized with those who owned no land.' 

Eugene Black has observed that economic development "is a fickle, 
process; it destroys old habits and attitudes toward life and work eveit 
as it creates new opportunities: it often raises hopes much faster than 
the level of satisfactions." The introduction of the new seeds is bearin
out this observation on a grand scale. They not only double the lever 
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. 

Conflicts are bound to arise between landowners and tenants, 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, conflicts 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
yielding dwarf varieties is concentrated in the high-rainfall coastal' 
lowlands. As farmers on the coast double their production using the. 
new wheats, prices are likely to decline, leaving the dryland wheat
farmer on the Anatolian Plateau in even worse crcumstances than he
is in now. The widening gap in rural prosperity between East and West 
Pakistan helped to uniermine the authority of President Ayub Khan 
in 1968, leading to a period of considerable political turmoil 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, 
Europe, the United States, and Japan, agricultural modernization pro
ceeded much more gradually, and it took place in societies that were. 
accustomed to and expected continual technological change. The new 
seeds are being introduced abruptly on a,massive scale in societies still 
practicing essentially Biblic:l agriculture. Centuries of technological' 
progress are being compressed into decades and, in some extreme cases,, 
into years. Herein lies the-trauma of the agricultural revolution. 
The makdlingcrisis 

During April and May of 1968, scores of village schools closed in. 
northern India. The reason was not student unrest or a teachers' strike.

'New York Times, December 28, 1908, p 3. 
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It 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 harvest'was 35 percent greater than the previous record crop. 
A race began to get it to New Delhi and other cities where there were 
empty grain elevators before the monsoon rains came. Fortunately, 
the rains were late, and the exposed grain was safely loaded in boxcars. 

With the new teclologies, farmers' 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 
increasing 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 thd components of the marketing 
systein-storage, transport, and handling facilities. In West Pakistan, 
land planted to the new IR-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 iiicreases 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 Philippnes, 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 along the roadside--are no longer feasible; farmers must 
use mechanical grain driers to dry the rice en route from the field to 
the storage bin. 

The Green Revolution found some countries with marketing sys
teins 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 wheat 
shipped each year 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 marketing in countries 
using the new seeds, the total would be large indeed-in the billions 
of dollars. There is no more pressing need in agriculture 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 oains in 
food production. Without such an effort, many of the potential pro
duction gains may evaporate. 
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The diseasethreat 
One, of the major risks of trying to establish a plant variety in an 

enviromnent 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's. 
Ireland 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 it 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 thess very specific conditions occur, the crop failure 
can be total. 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 Mexico, 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 diseases is real, there is much more, pre
ventive tecmology in the research bank today than when the potato 
blight struck in Ireland. 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 
sources of germ plasma, are becoming more diverse, diminishing the 
prospect of atotal crop failure. 

ConStIIRn nhESTSTANO 

Plant breeders also have to contend with consumer resistance. Newly 
introduced varieties are rarely as acceptable as those which they re
place, and to which people are accustomed. The Mexican wheats, for 
example, are predominantly red wheats, but Indians and Pakistanis 
prefer amber wheats. The cooking qualities of IR-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. 

Consumer 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 0 percent below that of traditional 
varieties. In Pakistan, wholesalers and millers have been reluctant to 
buy II-8 because 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 eliminate the less 
desirable characteristics, and consumer tastes adapt with time. Mean
while, scores of local rice-research stations are kept infor-ned about 
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these technical 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. 
The need for U.S. coordination 

One of the great ironies of the GreenKRevolution is that the achieve
ment of self-sufficiency in food may create a more serious foreign
exchange crisis than would continued depetrdence 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 committees. 

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 iot. 
And for them, achievement of self-sufficiency will be costly in foreign
excliange imless the United States devises a means of offsetting e
clines in food aid at least partially-with other forms of aid. 

V. THE GREEN REVOLUON AND THE rOPULATION DIlDIA 

Redefining thepopulationprolem-
When Thomas Malthus published his gloomy treatise in 1798, he 

defined the population problem primarily in terms of food supplied 
andthe threat of famine. Ever since, the-threat of overpopulationhas 
been perceived largely 1X\ 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.he two terms were often 
used interchangeably. 

But as we enter the 1970s, we are faced with a need to redefine the 
population problem. After nearly two centuries, it -is time-to move bet 
yond our legacy fromMalthus. 

Two independent fhktors, both bearing directly on the population 
issue, are forcing us to change our conception of it. The first is the 
agricultural breakthrouh in the poor countries. Although this is by 
no means a solution to the population problem, -itis diminishing the 
prospects of famine h the hear future and buying time-'-perhaps an 
additional 15 years-in which to develop the 'contraceptive tech
nologies, the will, and the strategies to stabilize global population 
growth. 

38-12-70-7 
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. While-the threat -6f faniine is'diinfiiishino, 'thv nunibei' of young 
peopre interiig labor-iirkets-is rising vr'rapidly. This is tli secona 
-factor. The population explosion began in most .poof 1countries 5 
or 20 years ago and resulted in an almost immediate demand- for 
additional foole. 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 
.for food. As the seventie.begin this.grace period isending. The food
po,pulktion problem of the . sixties is becoming the employment
popiulation problent oftheseventies. Feedingtheincreased numbers of 
jpeqp1e wilUfdt be easy, but'is likely to be much more manageable than 
providingjbs.

With more and more young people entering the job market, the 
day of reckoning with the explosioiluu population growth has arrived. 
In-some, countries the mumber of young people coming of employ
ment age-wll nearly double in.a matter of years.. If these anllions of 
young people are not able to find jobs, the "labor force explosion"
gould pose an even greater threat to peace and' stability ,than,did the 
threaf of famine in the sixties. 
The-GreenRevolutionandfamily-planning 

Breakthroughs in food production 'and the prospects for effective 
family-planning efforts in poor countries are not unrelated. In addi
tion to providing time in whieh to develop new coutraceptive tech
eniques, expanded food supplies can have a widespread effect on atti
tudes toward family planning, The lack ofiterest in family planning
by most couples in these countries is laxgely due to their-feeling that 
they must bear many children if a few are to survive to adulthood. 
With adequate food supplies, much larger numbers should survive. If 
ass .food'suplies arte 'pitcondition for the r idespread adoption
of familyplanning, as many sociologists believe, tben thisrhurdleis not 
being crossed in some of the poor countries. Paradoxically, inore food
cottul&teituttlymfiean fewer peopl1 - I

Reinforcing this contribition of the Green .Revoluti6n to family
plnning is the1Thelihood.that those who adopt the new seeds will be
come much rmore susceptible to change in other areas, including the 
&inng 9t their families. Once an incividual'breaks With tradition 

agriculture N becdnes ghch easier'for'liintto'decept'other kinds-of-
change. 

SThejmost-significant contribution of the Green'Reolution to thepopulationdebate'is likely to be thenew context in which that &eate 
w%l5e carried o in the 1970's. The Green lRevolijtion.hat' at least tem
porarily laid the spectex of famine to rest, pernittingan employment

6risis'4ast proportions to surface in its place.'Discussion 'of the ur
geney of -limitingpopilation growth must shift its focus from food
 

4' to gobs. ,' 

VI. sOLVINGTRBAN PROBLhUS IN T'HE COUNTRYZSBrE 

Since the Industrial Revolution, 'the most enduring social pheoine
noneverywhere has been the- steady movement of population frbm
the farm to the city. This historic trek has created the stark possi
bility that many great citiesmay beconhe humai'trash'heaps, the very ' 
opposite of the centers of civilization envisioned by the Greek 
philoso0phers, n..- A.mm - 1 e-s.uo n. 1 1u,...,, . 
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Whether en route'to iNewark, New Jbfsey, or'Calcutta4 India, tens 
of millions thve voted with their feet-for' ph&ndstny alterntiv' :th 
remaining in the countryside. -I NeWark they 'p&otvd the gh;eto; in 
Calcutta, a'hundredthousandlnr so hnvd'bedome-perihanenf inli 4itanth 
of the sidewalks. N5ow, the iew'seecW offr'j at 1ist a possibility of 
slowing d'owh the trkfromn countrysideto'city in,the poor reoIns of 
thi world, wherg't*he Problems of "uibianization" 6.rd currently so 
pressing and potentially so explosive. But,'irdiically; if the nbw tech
nologies are 'mismiliaed,- they cai' dilace '1 rua -populations, 

'driving them into the cities ill great nudibers:' 
Many-currentnurbaakprobl ems,-whether in-.Newark or CGalcutta, have 

their roots- in the tohnolbgical changes that have-'taken place in the 
coirtrysids. The black migrantto Noarltras drivi gut of the'South 
by the mechanical cotton picker. After two centuries, one'of the most 
important. original reasons for bringing blacks 'to the iUnited:States 
from'Africa-to pick cotton-suddenly disappeared. For many there 
was no alternative- to-amigration.to..the -urban.areas ofthe North,, if 
only to take advantageojpf better social sei.vces or bigger welfare 
checks. 

A different kind.of teclnological innovation drove millions from the 
rural areas of West Bengal into-Calcutta. Two -decades of exploding 
population growth,, the-, result of successful mdaria-eradication 
projects and'other modern medical advances; increased -thepressure of 
people on 'the Jand in Bengal to the point where.literally millions of 
Bengalis had neither land nor the prospect of enough employment in 
the countryside to ward of' starvation. Desperation led them to the 
city. 

The pht of the cities is far Worse in the poor countries than in the 
Tited States. Herie , 'at least there 'has beent someaeverse4rek fr'omn 

the inner cities to' the-suburbs3 theadensity of the-nghettsintbigities 
like New York is-not appreciably greater and may even be isomie
what less than it was generation ago. 'But thdre is no such' fiope of 
escape from Calcutta or Bombay or Reecik: -

Aoylth'ourual-ubn migration is as old as the first citied', the
wo~ld' predoiinmtly rutaly half of'o'platonremnains more than 

its 'people' live il reual Asia; Africa, andi ELtinl Amevion.L For yer 
to come, this large-andi growing group'must make its litingin agricul
ture. The resources to -create jobs in the cities -nh accofnmodhte ony 
at small fraction of the-projected iidrease inrUral populatio This. 
fact must dominate-developmebt plhnning in th6 Stenties.  ' 

EmnZoyment potentialof the neU Seed.7 S . - . . 
Pioperly inanaged, the.new teohnolqgies pah erestte -ftahi6npioyc

ment and make rural ife therwise. more attractiVe. WMherever data 
are available, theydndiacat that the alQw seedorequireimord laborvthan 
the iraditionai ones they rep] ae..Fwrmers who' wish toir&alike the 
genefic 'potentiaLt of th hg-elding seeds 1ntst-Prepare eedbed6 
more thiorougbly, apply fertilizenr moize frequently,. wedd inore. Carefuily, and thresh and transpbrta4arge crop. -Althese operations reqare additional labor. 

In northern Indi% and West Pakistan, where the hgh-yieldingwheats are catching on quicldy, seasonal labor shortages have been 
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aggravated, forcing rural wages during harvest above the wages pre
vailing in the larger cities. A survey cited in an AID report from 
New Dlelhi 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 aor costs. 

A report from the AID 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 India) there have been serious labor shortages during the
AprIl--Tne period when wheat as harvested, threshed, marketed, and the summer 
trop is sown. Wage rates (nonagricultural) have risen as high as $2.00-$3.25 per
day. Agricultural labor rates have also risen. Mechanination is increasing 
rapidly, largely because of the labor shortages. 

This conclusion is borne out by expeience i such countries as 
Taiwan and Japan, where, as agriculture modernized, labor require
mnents increased. Japanese ad Taiwvanese farmers now invest about 
10 man-days in the production and harvesting of an aen 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 required per ton of grain. Available data suggest that a 
similar situation obtains in Turkey, India, and Pakistan, where kabor 
used per ton of the new cereals averages perhaps 20 percent less than 
with traditional varieties. 

SET.ECTIVE 3rECEIAIZATION 

As wages rise, and as the new seeds make agriculture more profitable,
,mechamzation 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 bound to be serious conflicts over the 
division of benefits created by the new seeds between landowners and 
tenants, and between the coutrysidesad the cities. If mechanization 
proceeds so rapidly tnat more millions are added to the army of 
unemployed in the rural areas and in the cities, the agricultural revo
lution could become a curse rather than a blessing. 

But with the new seeds, selective mechanization can create jobs.
Irrigation is a caoin point Traditional methods of irrigation, sing 
human or animal power, often do not supply enouh water to meet 
minimum needs. Moe important, phenomenal savmigs 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 345 rupees, but the really startlg
gain comes with the use of a diesel engne; the cost then drops to 6n 
rupees. 

http:2.00-$3.25
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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. 
Risingpressuesforagricudtwalreform 

One of the puzzling dimensions of the agricultural revolution is 
why it is progressimg so spectacularly in some poor countries but not 
catching on at all in others. It is true that new wheats and rices are 
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 America 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 climate required to accommodate a break
through in agriculture-more specifically, to.their inability to bring 
about land reform. Even if price incentives are provided, land owner
ship in many countries is too concentrated within a 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 modem 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 progressiely more important 
to ensure that adequate rewards accrue directly 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 land. If the link between effort and 
reward in Latin America is weakened because huge tracts of land are 
owned by absentee-landlords or country gentlemen with-little interest 
incommercial farming, millions will continue to abandon the country
sidb for the impoverished city barrios. 
Tradepolicyandurbanproblems 

Agricultural trade policy in the rich countries.and urban problems 
in the poor countries are closely related. The easiest way to handle 
urban problems in the poor countries.is to provide incentives- to keep 
people in the countryside. This in turn requires expending external 
markets for the additional production the new seeds make possible. 

As long as there is an internal food deficit to produce against,
production can expand rather-rapidly. But once this is filled-, demand 
will increase rapidly only if export markets are developed. A'rise in 
domestic demand depends upon a rapid and' continuing indigenous
growth in 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,r prtqujarly(.Jappa4-, qp.d. 3esterm Euppe. This .increasigly
betweep. trade ,pqlicy.a4, urban problems

is crt .etwee the rich and" poor 

contries:a ma qr. aqsue fn, .seventies. 

VIL THE NEW SEEDS AND THE AAIRICAN2 FAR3ER 

-Thernew seeds are having.an impact that.pxtends far beyoncithe 
borders:of thei countries-whereb they aie being planted. Designed spe-. 
cificallyito- capitalize on the:greater 8upply -of soluta energy and the 
yeai-roind &rowing temperatures of the itropics, they are strength
ening the compartitive advautage of. the tropical-subtropical coun
tries iif cereal production. Poor countr.Jes, until-recently grain im
porters, are appearing .vith ineregsing frequency on the export side 
oftheledger. , " s - . ' I 

Even without knowing exactly how the.new-technologies will re
order world agrioultivral trade,,we can already see the beginnings of 
significant change. The-recent production.gains in the poor countries, 
challenge all the trich-countries, particularly the.morit protectionist 
ones in Eurbpe,and Japan. qTese -ouritries will be pressedlto op~en 
their markets to compstitively.produced farm exports fron the ppQr 
countries. They. challeng. the 4Ameritn -frnier in a very -different. 
way. Iemust adjust to decliningl6vels of food-aid exports,-principally 
-wheat, while simultaneously "adjusting to,,expf'ndig opportunities 
for commeircial exports of the wide 'ange-of diommodities1xe produces 
so efficiently. II 

During the mi-sixties, twojfifths bf'the'entire United States wheat 
cxop siamiAhipped -abroad as food -aid, one-fifth to India alone. Ship
ments in.-1964- exceeded 500 million bushels, but.ty 1968 they had- da
clined 5.percenti to-283 million bushels (Table'). 

TABL9 5-WHEAT EXPORTSUNDER TH US FOOD AID PROCRAM 

Year A Bushels' - YerBushls't 

195 --- ------------------------ 370 
1955..-----------------------------132 19S3 46Z
 
1958 . ... . . . .. . 253 1194
15 198i2 370 

-- .-.-.-.. - . .41959..8 . . I. - --.--- -2 9 1 6 ... ... f1959_... 2 .......
254-1987-----..-_-------- 342
 
19B0 -- - -- - - - - - - - - - - -381 19685- - - - - - - - -- - - --- 23
 
191 ----------------------------. 384: 

'in millons.
 
re!-UzS. Department of Agriculture
 

if Bakistan. shouldi become self sufficient in cerel01production in 
1970- as scheduled,, and if India, hoild follow -within a year or 'two,' 
then foao aid could'dropmuch loiVer, requiring continuing structural 
akd-ustmnnts in U.S., agricultureV .. . -

Declinesi1n lood aid,.coming at Che samethne that theIrend 4of fins
ing farmg.exports'to, Europe hasbeefi tarreste& by-protectioisin, are 
resulting.n reduced aceiages,.of food.,grainsin ,the United--States. 
Whlyt-acxeage allotments, expanded to cop6 -with- scarcity in, 196?, 
were reduced 13' percent in 1NS, 1-8 percent ih f989, and a -planned 1M 
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percent ill-1970. Rice acreage wasreduced 10 ,percent'ii 1969.and will 
probably .be-rpcuced.further in 1970. Siice; it costs.j ess to, ide jand 

thIn to produce grn s on 'the same lknd-and ship it abroadas food. 
id, these rednction4 sav'e the UJ.: Treasury dollars, without ay nee-

essary loss in farm income. - . . I 
. Whiat is lost is a great deal of ifarin-rselated business. especially in
the Northern Great Plains, where much of the -wheatis gronm-,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 
iuiraLcommunities derive some benefit from payments madeto farin
ers to take acreage but.of production: Thby may' not suffer any 16ss if 
farmers shift fromwheat to fee'd grains dr beef cattle, for whichthere 
has been a buoyant demand for-many. yea's.- Nonetheless, whexi the 
government shifts gears in agricultiral policy, es]iecially vvien, it 
shifts -to a lower gear, the effect in the rural areas is inavitably 
unsettling . . - . 

At the first) glance, it night appear that the trend-toward self
sufficiency in wheat or rice in the poor- coluntries, would 'throttle 
growth in the world trade in farm products and damage U:S: 'ex
port prospects -in particular. B}ut -this is not likely; -to be, since 
the associated rise in incomes creates new markeb3 for U.S. farm 
products. In many temperate-zone farm,products, the,Aiterican pro
ducer is the most efficient in the world. As incomes rise, consumrs 
everywhere demand a much greater variety of food. During the 
sixties, while, the Japiese -economy was expanding at more than 10 
percent yearly and while it was achieving self-sufficiency in rice, its 
imports of US. farm products nearly tripled-, approaching 'a billioil 
dollars. 

The increasing diversity of diets is reflected even in' such thsics as 
cereal consiunption. Althorgh the Philippines has 'achieved self
sufficiency in rice, for example, it is importing steadily growinog 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 constune demand as ihcomes 
resume their rise. Densely populated Thiwan, long an expoi-ter of rice 
imports growing qantities, of wh'eit and even more rapudly growing 
q2iantities of f egrains,tpatter to meet the soaring demand fqr 
the poultry nd pork that big-her incoes demand. -

Studies show a close relationship between iitcome kvels hroad and 
iiports of farm productsfrom the Unitel States. Couitries with' pr 
chpita itcones of tidor'e than $6lCtear bought $7.80 -woatli 6f farm' 
products per person iix 1964. Where ave'rage incomes 'xerc between 
$200-and $600, salesnveraged $4.18' per person; owhere inomes were 
undlet.$200, sales were amere 80 cents -per person. 

From the point of idw of the A eircan' famer, frtherin- te
Green Revohution is a matte; go siniple self-ihter-est. The Amersean 
fairer' should welcome theoGreon Revolution. Adjusting to the-im
pact of the 'new seeds and associated'technoiogies will raquireaforwarad 
planning. But strengthenigg thceebifbmic p'ositioix gf the poor codu
tz'ies means, in effect, substituting~commercial fo'r concessional exports, 
putting exports on a.much firmer basis, more dependent on the Amner
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ican farmer's ability to compete and less dependent on the political
vagaries of government. In 1968*, Asia, for the first time in history,
replaced Europe 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 decline 
in food-aid shipments to the region 1 

VII. TOWARD TH ERADICATION OF flUDNGER 

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 
mankind to, set the goal of eliminating hunger from this planet.

We huow now that hunger is inextricably linked with abject pov
erty. Its eradication depends less on encouraging new production
-thin on expanding employment opportunities and raising incomes 
among the impoverished. The new seeds, because they promise both 
lower food costs and higher incomes, are making this relationship 
more obviouis and thereby are making it more and more difficult not 
to accept the eradication of hunger for most of mankind as a.prac
tical achievable goal during the dcade 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 7isease. In fact these children arc more likely 
to lbethe victims oftmalnutrition. A severely malnourished infant or 
child with low resistance can 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 hungerie 

Hunger and malnutrition canbe described statistically, but statistics 
alone have little meaning for most of us. The fact that half or two
thirdsof the world's people are hungry or malourished is difficult 
to comprehend. It 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-old Ana Ruth did not know why her aunt bad left her in the 
hospital. Ejerqyounger 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 prospect of dying, Ana Ruth 
was-afraid that in some way she would have to part with the new sneakers,-dark
blue-canvas with white rubber soles, that-a-doctorhal giien her. So she wore 
themdayand-night,-Iyingibier hospital bed, and a sympathetic-staff let her, for 
there is no getting used to watching children die. 

Most children in the developing world suffer at one time or another from 
malnutrition, particularly from protein defrciencies in their early years. The
advanced symptoms are easily recognizable: bellies become bloated, legs swell up
like 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 little orphan-girl's final care and burial, attendants rushed her to the 
Metabolic Unit, where Dr. Alberto G. Pradilla and his staff took over. *Hercondi
tion was critical. She was suffering-not only from serious protein deficiency, the 
disease called "kwashiokor",- but also from pneumonia, which frequently occurs 
in victims of malnutrition. As they treated Ana Ruth for pneumonia, doctors also. 
placed her on- a minimum-level protein diet, watching carefully the sodium
potassium balance in,her system so ,as to avoid the risk of sudden. death from 
additional strain on-the heart. 

Ana Ruth responded rapidly. She lost over two 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 out, and her head began to sprout a fuzz prom
ising a luxuriantgrowth of Wilky black'hair? 

'Caloric intake, though a good quantitative indicator of food intake, 
is not a good indicator of diet quality. For this purpose,.protein intake 
is much more satisfactory. Mose of the 1.9 billion-who dbi't get enough
calories-also suffer from protein deficiencies.-Such was the case with 
A-p Ruth and, very probably, her younger brother, wTho 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 is available in animal products or eguin6 (peas, beans, soybeans,
etc.). 
-Thecost ofnianurition . , 

Many of those who live in perpetual -hunger do not die at Ana 
Ruth's age. Examples of the suffering they endtre,' however, are 
leg-ion. It is estimated that four million people in India are totally 
blind and possibly three times as many are partially tlid lar 
owing to Vitamin A deficiencies. Perhaps one-third of the Inian 
mothers who die in childbirth die because of iron-deficiency anemia. 

The effect of lw"levels of food-energy intake on the productivity
of labor is easy to see. American construction firms, operatmg in devel
oping countries and employing local labor, ofe find that they get 
high returns in worker outputby investing in a -good company cafe
teria that serves employees three meals a day. But the scope of this 
problem is perhaps better illustrated by events durng the summer 
track, he India held its Olympic trials in New -Delhito select a 

trc and field team to go to Mexico City in the fall. Although it had 
a population of 535 million to draw from, Thdia failed to qualify a 
single athlete in any of the 32 track an field events. Not onesof the 
contestants could meet the minimum Olympie qualifying standards to 
go to Mexico City. Outdated training techniques and a lack-of publie 
support were patly resfbnsible, but the niidernourishmnt of iost 
of the populationcertainly bontributed to th4p'oor showing. 
" Althlough the rdlWtionship beti'een -diet anaiphficil performnance 
iswell'known-, the pirallel rclitionshil betteen mhilitibn and mezi' 

tal performance -has oidly 'recently been demondtra'ted. Prothin~short
ages in the 'early yedrs of' life, impair developmnent 'of the 'brain and 
-centralinervous system, permanently kediicg41'ekaThi c0 PcityFihr-
thermore; this damage is irreversible. Protein shottage~~ today are 
depreciatig the -stock of humn resoured for at'ast a generation 

Frances C. Byrnes, "A.Matter of Life and Death," Rockefeller Quarter, a. 
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tb come. And no amount of investment in education-can correct this 
damage. 

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 is raised, they retain more of the 
fooc&they produce for home 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 eflfect 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 ca.pita cereal output far above that required for direct consump
tion) providing large quantities for conversion into animal protein. 
4Mexco now has a solid resource-base from which to develop a.modern 
poultry and livestock industry.

This proc.ess is just beginning in Asia, but we can gnticipate ad
vances in at least somne countries to match the Mexican performance. 
Tl~e breakthrough in cereal production in Asia. is occurring first in 
wheat, as illustrated by the striking gains in both Pakistan and 
India. In these two countries, it is only beginning in rice, the leading
staple, and other cereals. The countries achieving the greatest ad
vances 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- Mexlco-
Indra-Wheat Wheat Rice All cereals 

1960 ----------------.------------------------ 53 87 201 495
1961-.............-......... __-------------------- 55 83 196 496
JS82. . ---------------------- -------- 59 87 525....... _-_ 213

19634-------------------- _ .6 -- S------------------ - 21_
1984............................ . ___ ____.......---46832 ' 1

19865-------- ---------------------------- 90 639... 56
1966 -_---------------------------------------- _1_8 46 71 649
1967_...-......................----------49 80 216 655
1968 76 1 247 6806----------------------------------------
1959----------------------------------------- 80 121 (1) C') 

I Not ava21 1ale. 
Soprce; U S. epartmeot of Agriculture. 

But rising incomes, while essential to the elimination of hunger
and malnutrition in the poor countriesinthe long run, are not adequate 
to the immediate task. Protein hunger is much more costly to eliminate 
than caloric hunger. The average North American uses some 1100 
pounds of grain yearly,, less than 10 per cent of which is consumed 
directly as bread, pastry and in other forms. The remainder is con
samed indirectly in the form of meat, milk, and eggs. This contrasts 
sharply with the average person in the poor countries, who has only
400 pounds of grain, nearly all of which aust be.consumed directly to 
keep body and soul together. 
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In the past, diets improved significantly only vhen grain supplies 
began to exceed direct consumption needs, leaving large quantities 
toe converted into high-protein livestock products. But this is a costly 
wjray of achieving hign-qiality diets (see Figure 3,). If cereals could 
be reengineered. or fortified so that their protein quality approached 
that of livestock protein, the cost of achieving high-quality diets 
could be o'reatly reduced. There are many ways of dolug this, including 
the deveLopment of high-protein cereals, fbrtifying with synthetic 
amino acids arnd many others, 

FIGURE 3
 

GRAIR USE LADDER
 
(Pounds of Grain Used Per Person Per Year)*
 

- 2000 

Canada 

U.S A. 1600 

Grain for 
conversion 
into meat;

1200Sweden - milk, and
 
U..S:R. eggs


Argertina
 
France
 

AustraIa j-. 

W.Gerzmaiyzs 80I 
Italy
 

,Greece
 
Spain 

Rep. ofS.Africa 

U.A.R.
Japan 400 

Morocco GrainPakisfan 
for directThailand 
coNsumptionIndia/ 

*Includes grain used for food, feed, Wh'ed, 
and industrial puiposes. 

Source: U.S. Department of Agriculture, Data For 1959r61.
 



104
 

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 
resoutces available in the poor cotntries. New technologies just com
ing off the drawing boards will havg a mifor impact on nutrition 
during the 1970's. 
Assuming leadership , 
, For the'first time iihhistoit, it is realistic to considersthe eradication 

of hunger for the overwhelming majority of mankind. Breakthroughs
in cereal production and the-new food technologies make that a realis
tic, attainable objective, particularly if the.United States were to take 
the lead in a 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 geiierosity that made our great contribution to the 
agricultural revolution possible. It woulct show the world that we had 
not lost confidence in ourselves or in those abroad who so desperately
needhelp. I 

At present, the average diets in the poor countries, whid. 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 intrelligent employment-creating programs
should make it possible to bring the aveiage: diet for virtually every 
country above- the nutrition'al minimum by the end of the seventies. 
This would eliminate mostj hunger and malnutrition, leaving only
fringe groups to be regached by special efforts. 

A decision by the Uihited States to provide leadership in a global
effort to eradicate uiger.is not so ainbition or so inconsistent with 
previous efforts as itrdijh seem at first.:Shor'ly after World-War II,
the United States &ided.that it would use it's food.yesiobrosto avert 
famine wherever it theaned. As a result, the.=0orld has not expe
rienced a massive famine since the one in Bengal in 194& Even when 
this policy meant that more df the American wheat fiop would be con
sumed by aid recipients abroac than by the Aimerican people at home,
as was the case in 1966 and 1967, it was nonetlleless-rgidly adhered to. 

It was not beyond the resotrees of the Ameii'ca-economy to assume 
the responsibility for avoidng famine. Nor,-in the light-of today's
much greater knowledge and resources, is the.goal bof eiadicating
hunger on a global scale impossible to attain. -. 

Turning these objectives !nto an operationAplailxequires that each 
country with a nutritional deficit develop.unatibnK1-strategy-embody
ng the entire range of new akricultural-and food technologies, includ

mg the use of high-yielding, -high-protein seeds;-more, exteiisive use 
of fertilizer;..the,eXasibh-lof poultry and livesfock industfies; the 
manufacture of hig roteinoods from vegetable sources; and fortifi
cation of food with vitamins,iminerals, and essential aminoiacids.

The poor countries will need help in fashioiing such plans, and the
United States is uniquely quMifled to profifle it. The global research
network in agriculture is financed and directed in large part by Ameri
can foundations, and-the largest and best-equipped multinational agri
business corporations are based ifi the'United States. Furthermore,.the 
United States Government employs a gieater pool of professional com

http:uiger.is
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petence than exists in any other country or international organization. 
There is no worthier goal for America's international-assistance 

effort in the seventies than the conquest of hunger, and none more 
urgent-not beca'use hunger is more widespread toay than in the past, 
but because it has become so unnecessary. If we were not able to save 
Ana Ruth's brother in the situation described earlier, Ann. 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. 

Employment and hunger 
Eradicating hunger means increasing the over-all supply of food, 

and we know how to do that. But, as,we have seen, it also means ex
panding employment and raising purchasing power so that food is 
distributed evenly enough among the population to eradicate hunger.

Employment is the key here. The population explosion makes-it cer
tain that the number of young people entering the labor market will 
rise sharply in the seventies. If these entrants have no way of earning 
an income, they will serve to perpetuate the 'legacy of hunger ana 
-malnutrition. 

Pinding 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 aproblem common to-both rich 
and poor nations. 

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, *becauseboth are job-creating 
phenomena. At the same time, we can try to discourage the wholesale 
mechanization that displaces labor on a vast scale. We can provide the 
financing 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 Revoliation rather than, as is often the 
ease now, threaten to bring it to a halt. Trade policy should perhaps
have pride of place on our agenda -for the seventies, since trade pro
vides 80 percent of the foreign exchange available to poor countries. 
It is also preferable to even the most sensitive assistance program,
because it lacks the unpleasant psychological overtones of the aid
donor relationship. It has still another attraction 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. 

IX. TRE mH-POOR CONFRONTATI6N -

The confrontation between poor and rich countries on the question
of trade must be put on the agenda simplv becanseit 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 countries, there will be increasingly strong politicil
p5ressures on rich countries to o'el up their markets to' fir competi
tion. Jobs will be at stake, )obs-that tle,poor countries simply cannot 
afford not to have; Equally important, national pide will be at stake,
because if the ppor countries are not allowed to earn their 'way in the 
marke{h of the ricl when they d&velop exportable-surpluses, they will,
cohelude that -the rich countres are attemptihg to perpetuate the 
dependexit relationship. 

The trade confrontatioftfin the seventies promises t9 be much more 
serious than in the sixties. The Kennedy round of tariffnegotiations 
in the sixties was very much of, by, and for the rich countries, paying. 
only lip-service to the needs of the poor countries. In the sevenfties,
thans lonarge part-to thGreeneRevolution, the bargaining positiom 
of the poor countries -will beiuch stronger and their.argumentsmore 
persuasive. They will aso'be more militant becauseso much more will 
be ast stake., , 

This tegc is already becomin g apparenit..Thegathering ofiRepre
sentatives of ther 21 Latin Amerucan 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 ur sister republics..This list, presented to President -Nixon by the 
Chilean-Ambassador .imWashington,was but the-first salvo of a battle 
that promise to dominate international relationadathe seventies. 

A recent remark by President Suhbrto of Indonesia further indicates 
the gr'owing tendency of poor -counties to. Qhallenge the cdiscrepancy
between America's Tactpns. setting national prirheptorie.-anctits cni 
orities. As President Nixon and his entourage, baskinglsin thelight of 
th .pollo 'l1: moon landing, bwere leaming. Indonesia, President 
Suharto, pa.aphrasing astronaut Neil Armstrong, commentedC poA 
gleat sleapr or-,whom' He was clearly implying that conditions in 
Indonesia. had- notbeen improved by, the 'accomplishments of 'the 
A erc sacs. program. The human condition, in Indonesian had 
not been better.edchn the least.. 
* iThe countriesat will me many amongprobably o mpre allies
the' rich in the seventies than they had in the, sixties. Corporate
leaders, bankers, and. consumers, in the United States .andeelsewhere 
are noreasngly calling Lor liberalized trade qpolicies in.the national 
self-interest. As the full costof trade barriers in agriculture and of. 
discrimination against the poor; counties becomes clear to-morec con
samers in the rich countries and as these barriers add to the infla
tionry spiral, thepa sibility emerges .of.xe-enacting debates like 
that 'over Englandstorn Lawvs atcentmtcy and a-qub~rter ago, this~time. 

gn.EurpendJapn.,In heUnied 'oltatssugar be the focal
2su.As-the ffresatrltdspecial 'une itrssdcie 
i teinclustrial' countcies, politicians there will be less willing 'to ask 

the corisumner to pay hightpricesato:protect runeconomic farm interests;
there -vilbe moreand more,prdssureto adopt policies.to provide food 
at the lowest possible cost. 

One can imagine, for rexample, vociferous objection to the policy of 
setting sugar prices so as to support the beet sugai industry in the rich 
coulitries.'Sugar can'b&produced at such adantige Qess than'hnalf 
the cost) -ia- 'tropical-aicFd subtropical climates that it is diffieiltito 

- - - h - j 
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justify protecting the beet-sugar producer from interlnational coin
petition. Yet virtually all the rich countri6s do so. Our own methods 
of protection are especially capricious. By establishing quotas for., 
several tropicl-skigar producers i our, markets, designed always to 
protect beet-sugxr growers here at home, we have involved ourselves 
in the political fortunes of other countries in ways that defy any
acceptable definition of national interest. These quotas are set largely
by the Congres's with the aid of some of the best-paid lawyer-lobbyists
in Washington. 

Expanded trade, not only in agricultural products but in labor
intensive manufactures as well> in .the long riu not only is to the 
benefit of both rich and poor countries, but also is the only satisfactory 
substitute for cbutinued financial dependence by the poor. And with
out expanded trade, there is no realistic prospect that enough jobs 
will be created-in the poar countries in the"seventies to prevent vio
lent social upheavals. 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 -aid could do. 
Bhiaringthe burdensof overproductiona 

Poor countries may find in the seventies that they can effectively 
divide the ,rich countries in a confrontation over trade policy., Since 
World .War IT, the United States has almost single-handedly, assumed 
responsibility for stabilizing the international market in both wheat 
and feed grains by diverting a large share of its wheat and feed grain 
land into nonproductive uses. With almost-certain prospect that global. 
overcapacity in these and other cerealsr will grow m the seventies,- the 
time has come to ask whether the American farmer and taxpayer 
should continue to. shoulder this burden alone or whether it might be 
shared with other rich countries, many of which are not contributing 
to the'surpluses. -

At an earlier time, the American. economy was the only one with 
the resources to take productive land' out,of cultivation in order to 
prevent gluts on the world amarket. Today, the United States diverts 
up to 50 million acres, nearly one-seventh of its crop 1anid, 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. . - -

The agenda for the .seventies finist include. a. conference, perhips 
convenedby the World Bank, of all the piph countries, designed to 
work out a plan for sharing the-.eioesw prduQtive capacity. If the 
trade confrohtation between the -rich andthe poor-is to be resolved, 
constructively,,this a. minimumnecessity, and an urgent one. While. 
governmients have been unwilling to: clo this until.now, the problem is
becoming too pressing to delay,&urtlier.:The' focus of the conference 
sliofldbe on vays.of helping thqapoor countries to enter world-mar
kets with their new. agriciltural ,production--on a conipetitive basis. 
The stibstane of the conferenc& should.be a resolution on, the-part.of 
the:ich Zountties-to adopt policies designed-to provide food for theid 
people at the lowest price possible. .-

The echimics of such a burden-sharing plan would not be idiffi
cult. havehad someexperigncein determining, internatinally, ,the 
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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 to some established formula,
such as the one used to determine contributions to international orga
nizationslikerthe World Bank and the,International Monetary Fund. 
Diversion of the excess land to nonproductive uses could be left up
to each contry. The problem of restructurinr world trade in agricul
tural products is certainly no less urgent for &e rich countries, bedev
iled as they are by the task of managing inflation without curbing 
growth. And an agreement to share the burdens of excess cereal pro
duction 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 vice 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 headed 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. 

Japan is the only country in a position to avert a major collapse
in the world rice market during the seventies. It is the only large,
high-imcome country that consumes rice as its staple food. The United 
States is already holding a sizable portion of its rice acreage out of 
production and will probablyhold back more in the future, but even so 
we cannot affect the world situation to the same extent as Japan. With 
an internal suppoit price of $420 per. ton-nearly triple the current 
world-market price-Japan is perhaps the most serious violator of the 
laws of comparative advantage of any cereal-producing country. Not 
only is Japan no longer an importer, but it is now subsidizing exports
of rice, thus severely depressing prices in the world market for coui
tries that must make their living from rice exports.

The.Japanese rice market, once open to cimports 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 is the 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
east Asia 6ould be seriously set back. 

Fortunately, several economic factors in Japan foday indicate that 
the policy of raisig internal rise prices ever higher may be nearly
bankrupt. Inflationary forces, spurred in part by rising rice prices,are becoming stronger. Unemployment is virtually nonexistent and 
labor shortages are acute. The labor situation-coul assume crisis pro
ortions oe of new jobs created by a sustained

ecofomic growth rate of more than 10 percent yearly, -and to an im
mment precipitous decline in the number-of young people entering the
labbr force as a result of a sharp drop in birth rates during the early
fifties. The alternatives might then be to liberalize farm policies,
releasing'some of the sizable farm-labor force for non-farm employ
ment, or to import labor from other East Asian countries. One can-hope
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'ean 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 defloit with Japan. 
This is a .classic example of how countries can benefit from trade 
liberalization. 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 rolations between out 
two countries have become strained as a result. 

An appeal to national self-interest might succeed in persuading
Japan to -share 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 priary responsibility for stabilizing the world 
rice market. And surely, such a step would serve American and Japa
nese interests better than pressing Japan to rearm. 

X. REORDERING NATIONAL PRIORITIES 

It would be nice to be able to conclude that all that isnecessary to 
sustain the momentum of the agriculturmLrevolution 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
sible cost. But the real weight of the agenda for the seventies must 
rest upon the United States. Many nations are rich enough to follow 
our lead, but none is rich enough or'big enough to take the leadership
itself. 

The American people.are in a period of deep soul-searching., Dis
cussion 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 mnnority groups are 
the problems of a society that has grown very ri'h but is still in many 
ways undeveloped. These are fundamental causes of our discontent. 

There 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 $82-billion in the current federal 
budget is appropriated to maintain a.vast armed force,.to encourage 
weapons development, and to maintain a network of some 400 military
installations abroad. However, it is less well known and more fre
quently ignored. that we are spending only $3 billion on economic 
and technical assista&nce and on food aid. Even this figure is 
declining. Any reassessment of foreign policy should start with an 
exploration of the allocation of resoLirces to our role as world police
man as opposed to our role in world develbpment. 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 
area infinitely more difficult. 

We cannot ignore the.demands of our-security in a turbulent world. 
But this doesnot mean spending more; it may mean spending a great 
deal less. We must begir with!some defiiiition -of our-role in the world
thatfits our.national inte'rests, bearing in niintthat-it is becoming more 
and more difficult to separate the national from the -global interest. 
This division of resources must be more consistent wiT the-world as 
it is in the-seventies than with the world as it-was in the cold war era, 
an era that 'lasted through the sixffes, long after the Communist 
monolith as such had ceased'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 our role as a 
participant in world-development willbe much greater in the seventies 
than in 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. I 

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 ckeate 
jobs. Bht this will take more resources for-aid, not less. 

For many years, the conventional rule for determining,a just contri
bution of public assistance anif private investment to world develop
ment from the rich countries has been 1 percent of'GNP. The Pearsoi 
Commission, in reaffirming this objective, argued that 70 percent of 
that contribution should be in the form of official aid. That would 
renuire, for the-United States, a foreign-aid contribution on the order 
of $8 to,$10 billion a year during the seventies, at least'double today's 
level. 

There are many ways in which such, a contibution could be made: 
through bilateral programs, multilateral development institutions, 
tradeland investment subsidies, and the l16. But these are details. The 
first question in reordering national priorities-in foreignpolicy should 
be: Can the Tnited States and the other rich nations continue to pro
gress and,prosper-in a world in which the gap between rich and poor 
is rapidly widening, and in which the rich are becoming an ever
smaller minority? Surely the answer, can -only be no. The problems
in the.podr countries--hunger, unemployment,,technological hange,
and atteidant social turmoil---are sufficiently aln to, our own prob
lems to comnand at least thisdinancial expression of our concern. Per
haps iftwe had not done so -muchto master the problems of food pro
duction, we could conclude otherwise. But-we succeeded, and wemust 
live with our, success. fNow, the clamor for jobs is- replacing the 
clamor for ;6od. If -we-daliot persevere, the successes of the past will 
be 'auickl.4ndone. 

The sigpificance of the, broakthrough in cereal: production goes far 
beyond agr'icultuie., It is meaninnfubecause it representsat -leastthe 
begiming-of.a solution to'the' problem of hunger, which&utilecently. 
was regarded as;nearly insoluble. - - . , - . .I I 

Only a few years ago, it wrs cbnsidered highlynunlikely, if not im
possible, hat most of the additinal-food needed .would be produced
in the hungry cotintries themselves. -TEarmers wqre largely illiterate, 
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widely dispersed geographically, and apparently not susceptible to 
new ideas. Yet the breakthrough occurred. 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 exodus 
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 technological advance in 
history. They axe replacing disappointment and despair with hope.
For literally lundreds 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 is mounted by the rich and poor countries together.

Mr. BROOFErLD. Thank you very much, Mr. Brown, for those in
teresting observations. I would like to make one observationj that I 
don't question this idea that we have got to rearrange our priorities,
I think it also holds true that other developing nation&around the 
world hjave the responsibility, too, and I think if we once canget some 
of these other countries to assume some of the military portions of 
defense of the world, we will be a lot better off. 
- I think that this is a two-way street. I think everybody has their 
proportionate responsibilities. 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 look to, and that is Paul Findley, to introduce the panelist.

Paul? 
Mr. FrhrDLD. Thank you very much, Bill. I hope everyone here to

day has taken note of the fact that-both Mr. Brown and myself chose 
suits which are in keeping with the theme of the day, the Green 
Revolution. 

Taking. ad antage 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, I hope his suggestions about 
more supply-management here at home, and in the international field 
in terms of individual commodities 'will be challenged by someone, and 
I will stand by incase I am needed. 

INTRODUCTION' OF DR. ElNSTEIhr 

We have three on the Panel today. The first gentleman is Joel hern
stein. Because the clock hand is moving around so rapidly, I won't 
read all that Iam sure is in front of you irth'e way of a biography, but 
I believe that Dr. Bernstein is living proof that there is continuity in 
our AID program. ' 

If he had not been with AID since the Year 1 he has at Thastbeen 
there since the year 2, or 3. His experience in this program covers 2l 
years. 
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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 multi
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 Or MR. DENNISON 

The-second man on the panel is Charles S. Dennison, vice president 
of the International Minerals & Chemicals Corp. He is a member of 
the President's Science Advisory Committee Panel on World Food 
Supply, a trustee of the Agricultural Development Council, and has 
had wide experience in management and trade on the international 
level. 

INTRODUCTION Or DR. PADDOCK 

Thethird member of the Panel is one very familiar to members of 
the House Foreign Aflairs Committee, because copies of his chal
lenging book, "Famine 1975 !"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 interest and discussion. He and his brother 
have authored not only that book but a book entitled "Hungry 
Nations." 

Dr. William Paddock has been the source of advice and counseLand, 
I am sure that we will all find his ideas challenging and somewhat dif
ferent in their thrust than some of those expressed here today. 

I guess, Mr. Chairman, you wish the Panel members introduced in 
the order in which they appear on the Panel. So I will turn first to Dr. 
Bernstein. 

Mr. ZAroon. Thank you, Mr. Findley. 
You may proceed, Dr. Bernstein. 
Mr. FNngrar. Thank you, Mr. Chairman. 

STATEMENT OF DR. JOEL BERNSTEIN, ASSISTANT ADMINISTRATOR, 
AGENCY FOR INTERNATIONAL DEVELOPMENT,, WASE1INGTON, 
D.C. 

Mr. BEnRNtIm. 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 a year. 

But I mist say, and I think that this is tru&eof -others;-thatasop
portunities have arisen-to-do-other-tlins, ihen we ask ourselves how 
we-wilfal it talms 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 AGRIULTURAL TRADD POLXTJ$ 

Mr. Chairman, turning to Mr. Brown's presentation, I would agree 
with his stress on the key role that the agricultural trade policies of: 
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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 more more than anything, 
whether the potential gains will be realized. The potential gains in
elude lower cost food, and therefore, higher living standards for poor
people in the developing and developed-countries. 

They include shifting of productive resources from uneconomic 
uses in high cost agricultural 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 'be 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 assistance programs that we support.

Much can be done to further three closely linked developments, a
ready discussed in some detail, that will simultaneously increase de
veloping country welfare and reduce the scope of the worldwide ad
justmnent problems viz: 

Increasing the effective demand for gain in the developing
countries;* 

Diversifying their agriculture and; 
Improving the nutritional quality ofthieir diets. 

JOB AND yE.ABOR-IKTENSIVE rARMING 

I agree with M+r. Brown and others' observations that, the key to 
higher effective demand for food is more jobs'in the developing conu
tries to produce higher income. Sonie increased ruial deiada for 
food is self-gelierated by higher production. But the major income 
and job increases must come from develpping more labor intensive 
types of agricultur6 including production of high protein crops, and 
livestock, from increased rural public works such as local arrigation 
and draihage facilitiesand farm to market roads and from thekspan
sion of nonagricultural einployment. 

Moreover, a rapid expansion of new jobs will -b 'needed simply. to 
avoid the tremendous social and political disruption of rapidly rising 
unemployment as the developing countries face the prospect in the 
1970's of a rapid increase in the annual number of new entrants to 
theThbolforce. 

It is, estimated that during the de.Pade of the seventies, the anet 
increase in the labor force of the less developed countries (excluding 
mainland China) will be about 165 million-a 25percent increase-over 
the estimated 1970 labor force ofa'bout 650 million. 

This compares to an estimated 117 million net increase inthe labor 
force in the 1960's. The same projections anticipate a net labor force 
increase in these developing countries of about 525 million in the-two 
decades 1980-2000. 
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Those who will enter. the labor force in the 1970?s-are already born, 
so that programs to reduce the rate of population increate cannot-affect 
this employment problem, during the-next decade., 

BUILDING BETTER MARKETING LINKS 

Measutes are also needed to build better marketing links between 
food on the farm and in consumer's hands. These have a dual effect 
in increasing efective demand for the increased outpat from the 
Green Revolution. They provide access to larger markets and-also 
create jobs and income that increase total rdemand for food. Here is a 
major role fbr the private sector. Some of any colleagues-on this Panel 
may, wish to, discuss further the possibilities and benefits of. action 
in this sphere. -. 

Action along the various'lines that I have indicated will also help
deal with another problem emerging from the Green Revolution
the fact that large masses of farmers are being left out of the prodcle
tion advance, particularly small farmers and those in physically less 
favored areas. 

Unless something -is done to enable them-to participate more fully
imexpanded rural production, their relative position will grow worse 
andperhaps-eve. their absolute position. 

This could spell much trouble. The labor creating activities that I 
have, stressed particularly favor the small farmers. Other measures 

rneeded are to teer tedhnological advances in directions that will help
the farmers left behind; e.g, by developing improved crop varieties 
and practices that they can auply, and to improvr the extenion co-on 
credit complex that is needed to support more efective participation 
in agricultural advances by small farmers. 

Moreover, as others have brought out, the develoiinz countries peed 
a mich greater capability to develop agricultural technology suited 
to their local requirements if they-are to sustain the forward thrust
-of the Green Revolution. Aid 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 may -reach critical 
proportions in the 1970Ws-the extremely rapiri and helter-skelter 
growth of cities in the developing countries. I will not attempt to dis
cuss that -problem today, excent to.note that it will require much at
tention-from development-assistance agencies. 

NO TRUE -GRAIN SURPLUSES 

While there may well be-serious problems in the 1970's in achieving 
orderly marketing of rapidly expanding-grain.production, if we take 
a little longer view we must recognize that we are not really able to 
env-av-e true grain surpluses-at least not yet.

First, there is the .present htnger problem to overcome, as 3Tf'. 
Brown. and others have stressedBgit we all lmnow that there will -also 
-be an -itrfecedented increase -it moutlis to feed--about V5 percent 
more by th end of the century. . 

And that is not aill. At 'higher per capita income Ievelski-he average
food grain consumption of the world's population will' be highei' than 
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at present, if the food is available,,and there will be great increases in 
grains fed toJlivestock. 

Al this, does not, however detract from the urgency of the world 
trade,policy problems that Mr. Brown has highlighted. To realize.the 
potential for expanded domestic production and-use of arain 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.be less. 

NEEDS OF THE. 'FUTRE 

To sum up the needs of the future,,as expressed thus far, we have 
observed that the developing countries need to-

Sustain the agricultural pr6duction momentum of the Green 
Revolution, as an indispensable component of their overall 
development; 

Diversify and rationalize their agricultural production patterns, 
in harmony with a rationalization of world trade patterns in-agri
cultural commodities; 

Greatly accelerate the creation of new jobs as an integral part
of the foregoing developments (and also outside the rural econ
om1y).;

Strengthen their capacity to generate technology, trained peo
ple, farmer service institutions, and suitable rural development 
strategies to support the foregoing trends. 

Mr. Chairman, in thinking about the ftture, it is appropriate to 
)recognizethat these are all Deeds that can be addressed in varying de
grees by our development assistance programs, wherever the respon
sible authorities in the-developing countries areanaking a.strong self
help.effort and want our assistance. 

AID'S CONTMaUTION TO AGRICULTURE 

As you know AID and its predecessor agencies have always put
heavy stress on the development of agriculture. In the 5 most recent 
years, 1965-69, direct AID assistance to agriculture has been $2.5 bil
)ion or about24 percent of the total program.

-Moreover, agricultural growth is dependent on .development of the 
economic infrastructure -and other economic sectors supported by
AID's program. 

Out of $63 million approved for research projects over the period
1965-68,'$23 million or 36 percent went for agricultiral research. In 
fiscal year 1969 AID:has 57 agricultural projects-being implemented by
'U.S. universities, representing 30 percent of the -total value . of the 
Agency'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 nuchwof it was 
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highly effective in building the institutions -and trained manpower 
that are indispensable for sustained agricultural programs.

There is a connection, for example between the programs of AID 
and other assistance agencies, and e estimated 28-percent higher 
grain yields in the developing nations in 1967 compared to the 1948-52 
average, not-to speak of the yield jumps since then. 

Now we know how to do better, 

AID REORGANIZATION: TECHNICAL ASSISTANCE BUIBAU 

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.S. brainpower and experience to work in 
depth on these key problem areas; 

Follow through with the necessary problem solving activities 
over thetimespan needed to get effective results. ' 

That is the core task ofTAID's new Technical Assistah.e Bilyeau. We 
also hope tb apply our experience in teclmical assistance so as to im
prove agency ihetliocs of working with outside orgikizations who 
carry out projects for us, and with our colleagues in'th@ public and 
private sectoi's iithe.deVelbPing countries. 

The need' fo' continlicy of'appr6ch and sufciently longtime per
spective in planning and implementing technical assistance activities 
has been stressed inliust 4bout every study of this.subject,'iuch as it 
has been stressed here today. These are'ieedec not only to dsign and 
execute .sound activities, but also to justify the investments in build
ing the lowledoe axid 'personnel capabiities that are essential for 
good techiical assistancevork: 

To be effective, teclnictl islistaned must inffuence the attit%4es, per
ceptiong nidivtions,and sas'of doing thinis of the lepples ofthe 
developmg cointi es It must h'elp them to'treate a and laiting in
.stitutional cap:bilities that&-ill enalI thiem' to peiform for themselves
the developmefital fixib8tiois tht are essential for their own'p-ogress. 

This is a complex and long-term t'aE tcahnot be done well on a 
short tether, or whenbeset by the intrusion of short-term political

1- - , ..f Oactors. 
. GOVERNMENT- SUGGESTED ACTIOrN .. dx 

Thus, to pick ijithe themes intioducel eiliei9'y Mr. Freeman, Dr. 
Hardin, aridDr. Mosher, I w6uld.make the persona.luggestds. that 
your symposium lead to a recommendation' to the Coigress and^ad 
mimstration that levd0pmentassistarca I .jprovid wita legisative 

_andrexecutive~bse tst recognizes~it fofwhat it is-a highly emaad
ing professional. activity essential to the U.S. interests in the estab
lishment of aoihntible'world enVifronment,.that requires a stable-and 
long-term legishdtive and organi zati6ndj mandate... I 

With such a mafidate,1xr. Chaiman, -*e could' improve our con
tribution to amliorating the ptoblems ofXthe 1970's discussed tocay,
and to the broader range of purposes of our detelopinent assistance 
program. 

Thank you. 
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Mr. FxNDLny. 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 recognition 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 & CEMICALS CORP., NEW YORK, N.Y. 

Mr. IbNxisoN. Mr. Chairman, 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 affairs. I submit that when we consider 
how the United States exercises its power we immediately think of 
force as the ultimate expression of power. There-is an option to force, 
an option that does-not replace force but can supplement 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 ag-ravating problems. It expresses the best of the Nation. 
The moral authority of the United States is an imperative of world 
order, not'because of any chauvinistic thrust, but simply because there 
is no one else to exercise it. 

Therefore, I believe that the best side of the Nation, the side that 
expresses its creative genius, is represented by the Green Revolution 
and the many things that we have been discussing today. I submit, 
Mr. 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 result of a productive 
interplay between science, private foundations, legislation of this 
Congress, industry, and educational institutions-m effect, of the 
Nation. 

I hope we keep in mind that it is this interplay, this freedom to act 
on a 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
ventively called agribusiness some years past. I will touch on it 
briefly. 

THE LIMITS OF AGRIBUSINESS ACTIVITY 

First, I must call attention sharply to the limits of agribusiness 
activity. There has been a 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 siniilar role.,abQut-the world P'ossibly-it -can-; in- due 
course. It is doubtful'if it-.willrin thedhort terml One ofithe immediate 
reasons is thatthe prizate sectordepends upon.profitability for its 
performance, and agriculture in the developing nationshas not been 

. -.that profitable. -, -

I The -Ggeen Revolution introduces a -new element of 'productive 
potential,'ut the caution stands. Agribusiness is not alshortcut and its 
role must be e aminecl carefully. -' ' -

In questioning the role of agribusiness it-is clear that tlie. various 
private communities of business, the social scientists. the physical and 
nktuital sdientists,.-rhust -roik together. As Wsoftfof ifohprolsmsi6ilM 
urchir fromy ytheprivatyactor fmeetfequently ith ny friendsniid 
colleagues in learned groups. I often discover that they are deeply 
engaged in matters that are of 'critical importance-to -whattWe'in the 
pnrate industry are-trying to-do. Bit-we -donot talk toteach other as 
a-matter-of course. This-is not deliberate, it -isaccidental, and I believe 
it must be -ovvrcome. In-specific terms, what we heard today about the 
Green Revolution was the, result -of what the natural scientigts 
aebieved. in' plant genetics -and wvhittthe social -scientists have been 
programing and teaching. As a final' step, agribusiness-may come in
with the investment and management and market -building thit ate 
necessary to make-the whole system ultimately effective. 

.TIE'AGRIBVUSINESS COUNCIL WORK IN FAKIStATN 

Lam nowkgoing-toibe quitespecific, as people'inny role arewexpected 
to-be. I will give several examples otiow agribusiness Aasbeen work
ing in an-intercomiunity sense. Tbe. first concerns the Agribusiness 
Council which has.beenoworking in Pakistan in a joint-effort with the 
Pakistan Government, with the foundations., and -AI),'to try to.get 
a. -fix on wihat the -Green Revolution has broight to that country in 
both wheat and rice-

The CotmciPsapproach irasito-get a anultidisciplinar.y group -of spe
cialists from, the foundations, and AID, and the Pakistan Govern
ment, to work -with industry experts concerned with inputs, trans
pjortation, mechanization, and thetofitake and distribution of increased 
farm output. In thislTatter-area an- expert froman international grain 
trading company 'was involved; going tight sto the point made- by 
Lester -Brown that we aire'sfacing a new dimension of world trade 
in.grains. No longer can you talk sinply -about a ferilizer plant, a 
tractor plant, or a pesticides plant. You must talk about the entire 
system.. The ultimate objective-nust 'be,the market for,-agricultural 
production, both hiternational and national. It was mentioned earlier.
today that East Pakistan is short of grain despite inctailtoutput. 
It tcertainlyis. Whestuff-is-drying-kiic rotting in the field whilepeople 

- are -huflgiy in other areas because of inadequate movement, storage, 
and distribution. 

In the case of the Pakistan study, the intercommunity group spent 
the past sumer identifying the problems that exist in present wheat 
and ri'ce-:roduction and indicating areas *here private investment 
could be brought in-largely Jocal' pritate ivestment to speed' u 
-the process and make-it more viable. The-study 'group also exainined' 
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the pqssibilities of crop diversification by'shifting from rice and wheat 
to seed oils, cotton, vegetables, and cattle. This, then, was a pilot effort 
by The aoribusiness community in working with other groups to get at 
the problems and the potentials of the Green Revolution in a major 
producing country. 

COOPErTATIOe WITI -AO AND UNDP 

There is another agribusiness effort underway at the FAO and the 
T DP. 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 was 
established. They sought ways for the private sector to advise the JAO 
oii how to get the market approach into country economic studies. 
This cooperative work has since been extended to theJUNDP and is 
now also being made available to other specialized agencies. 

If a country is interested in attracting private investment-and this 
obviously excludes countries like Egypt, Burma, et cetera, it is very 
helpful to have private industry experts involved in preivestment 
surveys. Against the hard tests of the marketplace and of return on 
investment they can specify that a project will not pay out-andthey 
cando so early in-the game. 

This type of expert assistance can. now be made available to. the 
international agencies where it is wanted by seconding people from 
international industry or using them as consultantq to insure that 
these preinvestment studieshare ultimate viability. 

.This is another example of how the agribusiness community can 
work with other comunnities anclinstitutions. 
. 'Within the receiving countries there is a need for agribusiness to 

perforan new roles. We listened to Dean Lewis' fasciniting views of 
what has happened in India. I recall a day when I sat next to the good 
Dean in a monsoon while we were dedicating a major fertilizer plant 
in Andhra Pradesh. Water was pouring through an umbrella onto his 
knee, and as a, representative of the host I didn't think that.a minister 
.of the U.S. Government should get that wet. So I put a pad of notes 
-overhis knee to-limit the water damage. 

PROBLEMS IN BEING C4ENGIN QF CANGE' 

When you commission and operate a major fertilizer plant such as 
the one we were dedicating, you really test the local.economic system. 
I have been asked what happens when you run into a backward en
vironment -ith such a complex operation, and I respond that you lose 
your religion and your purse. But you do-test the system.' 

Each the the international or even the local investor brings in an 
industrial '9engine of change" he must cope with-the local environ
mient,,With power supply, with water, with railroad-wagons, with har
bor facilities, with the total infrastructure support. He also must-cope 
with the ailable, f'arim credit: and the crop, otake system: 

Itis not an easy job. Anyone who has the .notion that, the Green 
Revolution is.going to proceed easily in a.country like India in rice,
is wrong. At this moment there are huge tonnages:of fertilizer-stocked. 
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iniudia because supplies were obtained on the-basis of calculated-need 
instead of-effective demand. 

Getting down to local distribution, to-the cultivator, 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 quantity to the marginal and 
smaller farmers in the villages. It is not available in India, it is not 
available in Indonesia, it is not available in Thailand. It is not avail
able in adequate amounts 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 -withthe locals. This must be done and it will 
take a long time. For this reason together with the problems involved 
in processing and moving increased crops, India today has an almost 
embarrassing stock of fertilizer 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 isnecessary 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 they 
could grapple with existing problems and, more significantly,,antici
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 be willing to do'so and-at least to try to make business decisions 
that serve these larger social purposes. 

Ns oR NSTITUTIONS OF MANAGEMENT TRAMhN 

Such an anticipatory enterprise can only be achieved by -conscious 
effort and intercommunity collaboration. We have heard today about
the, four splendid internationalsesearch institutions -. a gricilture 

.,which-have-beenipoisoid 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 managemeht to mean-the skill of 
a businessman-who keeps-the books and makes dough. I am using man
agement as the instrument for analyzing, planning, programing, mus
tering resources, operating and controlling ventures or systems. Robert 
McNamara 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 as in industry. Management as a science, if you will. 

Peter 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 managers inthe developing world. 

When you bring an engine of change-into a backward community as 
I described earlier, you provide a relatively modern set of management 
tools and capabilities. If you have an 18th century government appa
ratus to-receive this engine, you have a bad situation indeed. The locals 
do not know what you are talking about or trying to do. There is 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 andnationally by deliberate 
training of personnel in the management of development. Trained 
managers can, with their ability to-getthings.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 a 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 developing 
countries, for the job must be clone there-not here.. 

OPPORTUNITY FOR THE PETERSON TASK FORCE 

To close, Mr. Chairman, I believe that U.S. foreign policy .and 
U.S. influence are closely involved in the type of effort represented 
by the Green Revolution, and it should be supported. 

I believe that private investment in agriculture is limited in its 
total impact, but it 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. 

I close by saying that in 1970 the Peterson task force offers the 
Nation an opportunity to reconstitute its on-going foreign assistance 
effort. I must emphasize that there would be scarcely any investment 
if it were not forthe infrastructure, the education, the training, and 
the support provided by our aid programs. We certainly would not 
be in India, 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 bicentennial in 1976. 

Mr. FINmr. Thank you. 
I am sure that everyone here has been impressed, as-I have been, with 

the consistently high quality presentation. The applause, Mr. Deuni
,son, shows the favorable reaction that your suggestions gave generated. 

http:effort.at
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I am sure the fmal speaker will be no exception. Dr. Paddock is 
well known to AID. He is also well known throughout the agri
business world as well as known here on the Hill. So we welcome you,
Dr. Paddock. 

STATEMENT OF WILLIAM 0. PADDOCK, CONSULTANT ON, TROPICAL 
AGRICULTTRE, WASHINGTON, D.C. 

Dr. PAiDocK: Thank you, Mr. Findley 
Mr. Chairman, ladies and gentlemen, it is a, pleasure- to be here 

today. Dr. Biown and I used' to walk, locked stepped, in out 'outlook 
on the world food problem. 

But as has been said, Dr. Brown turned "Green," and yofi see 
what color 'suit 'I am wearing. 

There axe three things in Dr. Brown's paper on whioh 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, fnally, the need to readjust our own foreign trade 
policies'to serve, or to further, the Green Revolution. 

On the importance of the high yielding varieties, I would like to. 
reemphasize the other factors involved in increased yields. 

WEATHER PACTOR In FOOD INCRIEASES 

Secretary Hardin mentioned weather. We tend to overlook the, 
fact that the weather in the last couple of years has been very good
in most of the developing world's agricultural regiois. 

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 
are right of wrong, indicate that without the new varieties that 
country-is nevertheless keeping abreast of India in its production.

All' of this implies that much of the, increafse in production is 
coming from a gener'lly good agricultural situation and its ciuse 
is good weather for the farmer. 

The- Green-Revolution is limited in scope. In the case of India,
when you speak of the Green Revolution, you are speaking of only
wheat, not rice. Unfortunately, wheat is a far less important crop.
than rice; it amounts to only a third of India's rice production.

Rice production today in India is essentially the same as it was in
1964--65. 

IRRIGATION IS THE "LIFEBLOOD" OF THE GREEN REVOLUTION 

When -one speaks of the increase in wheat Production due to the 
Green Revolution 'one needs to emphasize the role of irrigation.
For those,who have only seen wheat grown in the United States, where 
it is never irrigated, this essential point is usually missed. 
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When'we say water is needed for the new wheativArieties, we mean 
irrigation; that is, 'usig the:most ex'pensive, the 2most valuable land 
in the Nation. We are speaking oily of'irigated' wheat. 

Trrigation is the lifeblood of the Green Revolution.- This rri
-gated land is, of coffrse,1linited in quantiy; rr. Hardidi'said this 
morningethat if youthooke rlt map-to see whererthe Green Revolution 
has had an, effect iiithe world, you will"see s p6stage size area and no 
more. -The major -reason for this is -the liiihited amount of irrigated 
land iirthis-worldt ' . : 

SUBSIDIS ITAYB STIMULATED rRODUCTION 

Tie inalb point -about the higib yielding varieties I would like'to 
make'involves subsidies-Dr.i3rown mentioned Japshaving a subsidy 
for:rice three -timesthat of the-world market price. A9 .far as wheat 
is concerned -theUnited States has a support price, that perhaps is 
slightly. above the world marketprice, depending on how-you figure 
the U.S. -support. Western Europe does, 'too. But what is -good for 
one nation is not necessarily good-for all. Mexico has a wheat support 
price of $1.99 a bushel; while the world market price is something 
like $1.46 a bushel. So it is 40 percent above the world market price. 
Obviously, Mexico does not want t6 dxport wheat on sudc'i 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.2Turkey supports-the-price at$2.30. 

Dr. P-anrlberg says that surpluses follow subsidies like night fdllows 
day. If one raises the price igh enough on a commodity, a sitrplus 
will follow whether itbe uraniman, orcliamond's, ot gold, or rutabagas, 
or wheati or rice. 

"Withia ra year of the Philippines announcing'its. pqlicy for- self
sufficiency,that country increased the ricesupport pice-by 50 percent. 
The result was an incr6ase in rice produdtion. I 

But these-subsidies must becoine 'a serious burden-to ithe developing 
world. The United States can afford a $4'billion agricultural stibsidy 
program because agriculture contributs 'only 4 percentlto--our GNP. 

The rest of the U.S. econony-the other 96 percent-can carry the 
load.. When agriultitre, in ih&cake of the develophig countries, ac
countsfor-18,25, Q30or 50percent of;the-GNPthei subsidies-will, cer
tainly become a financial burden andiWill- eventually have to -be ad
justeddownward. . " -

If you lbweitthe price-most people will a'.rdd tl-at r6ictibn will 
fa11 decordingly. -'

ltANY TEClwOGICAL, rnoiitsMS AflEAD 

Therefore, the-Green Revlution2s technology that; weare,talking 
about here today, that is these-highl yieldingrvarietiespis not good 
enough to stand by'itsel.lt-must be subsidized. Therelisthenlan enor
mous need for better technology if the Green Revolution is tosurnvive. 

We have got to find some way for these new varietiestobeimproved 
still further if they are to be used without the high prices that now 
go along with them. 

http:about'$2.60
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Therefore, I would see the 1970's as a period when there will be con
tinuing political problems. But I think that the technological problems
that still have to be solved in the 1970's are probably even greater than 
those thatha-ve already been solved. 

For instance, we have to find out how to break out of the limits im
posed by irrigated land. It will be more difficult to move ahead with 
corn and rice than with wheat. It will be more difficult to achieve in 
the tropics the progress that has already been achieved in temperate 
-zone India, P akstan, and bfexico. The Green Revolution has had 
little effect in the tropics. Africa and Latin America still do-not know 
what it is. 

Finally, 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 
know about the Green Revolution to consider chan ng, for instance, 
our trade policies, 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 HUNGER WORLDWIDE 

Dr. Jean Mayer said earlier this week that to eliminate hunger in 
the United States will require annually an additional $3.5 billion -in 
this country's budget.

If it will cost that in this country, imagine what the cost will be in 
the rest of the world 1 

The President's Science Advisory Committee in 1967 said that to, 
satisfy the world's food needs will require-annually an additional $12 
billion above-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 -AO will release-the Indica
tive World Plan which-callsafor an additional$110 illion 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 going to have, to be, I think, a: great deal moreachieve
ment in theGreen Revolution-and from worl. governmentsla-greater
willingness-to contribute.to it, before we can talk of eradicating world 
hunger in the forseeable future. 

I fear thit.overly optimistic reports of the Green Revolution will 
cause a relaxation on the part of not only the governments of the 
developing countries-toward their own agricultural probleias, but that 
there will be also a,relaxation on the part of all those concerned- with 
the world population explosion Too-many f6lht the Green Revoln
.tionr is-buyiin- liftlne-to solve the population problem. 

I don!tseethe-Green Revolution buying us time. 
I feel very strongly that unless it is -possible to get this population

explosion under control, everything that we have been 'talking about 
today is meaningless. 

Thank you. 

http:contribute.to
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Mr. ZADooI. I think the participants of session 3 discussing the 
planning for the future of the Green Revolution, Mr. Lester Brown, 
Mr. Joel Bernstein, A1r. William Paddock, and Mr. Charles Dennison 
alLdeserve a good round of applause. [Applause.I 

Before I call for questions, may I just say to my-colleague from Il
linois, like he, I too 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 -hadintended to -wear a green tie and reached into 
the closet just as my wife came by. 

It was a beautiful green tie, a 'Christmas present of someyears back, 
and I wear it at least once a year. She said, "My dear, today is not St. 
Patrick's Day." Not wantino to be late by having to explain the pur
pose of the Green Revolution and everything else, and since she 
already had a tierneatly laid out for me, and being cooperative, I wore 
what I have on. 

I only want to say that the intentions were there but the spirit 
weakened. 

Are there any questions from the members of the committee? 

NEED FOR 'EDUGATION IN AGRICULTURE 

Mr. Fionr. Mr. Chairman, of all the things that -have been said 
today, I believe there has been little comment about education. In my 
part of Illinois, many good farmers-have 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. 

My question is, Is enougl being dlone-now worldwide.to-provide the 
trained manpower needed to meet the Green Revolution's demands? 

In other words, are we really laying the -groundworkand establishing 
the educational centers .which will turn out enough good farmers to 
meet the problem? 

Mr. ZArtuocnr. Dr. Brown. 
Mr. BnowN. One of the things 'that the Green Revolution has 

done is to bring into sharp focus te scarcity of training agricultural
ists in a nmber of countries, such as the Philippines and West-
Pakistan. 

ESSO'S AGRISERVICE GENTR IN TE PILIPINES 

In the case of Philippines, Esso, which has a fertilizer plant in the 
Philippines, has organized -a 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. 

It is a.one-stop shopping center for a farmer, a. very effective sys
tem, delivery system.

To man each of these acrriservice centers, they try to get a trained 
agronomist. They were ab1e0to compete so effectively salarywise, that 
the University of Philippines Colege of Agriculture was losing 
much of its faculty. It became a national political issue. It was con
cluded that if too many-faculty members -werehired away that indus
trial firms would be biting the hand that fed them. Hence a system 
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was worked out permitting the recruitment of a,certain numbrn from 
the faculty'each 'year. But this I -'wouldthink wodd notbe an- usual 
situation, in a number of -developing countries in the future because 
of the number of trained people in agriculture is going to 'be in short 
supply, particularly where agriculture begins to modernize rapidly.

I think one of the significant things is that as-agriculture begins to 
move and really moves ahead, the demands for technical competence 
and technical assistance increase very rapidly. When you have agri
culture that is stagnant, you really don't need any technical 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 PROGRAMS IX- U.S. 'LAN-GRANT SCHOOLS 

- Mr. Lnwrs. I would ]ike.to take advaitage of the question to fill in 
one point on my discussion about India. I am particularly happy todo 
this, because we have some representatives fr6m the institutions I am 
about to mention here. I see people from Illinois and Missouri.at least 
here. 

We were saying earlier that there has, in fact, been a very complex 
set of inputs, including -technical assistance inputs over the years.

Some of them are on a loner leadtime basis, as far as the payoff in 
the late sixties is concerned. dne of the most important inputs-ancl'one
that AIDand its predecessor have had the honor to be associated with 
is the -effort to-develop state agriculture universities in India. 
* This was formalized in the early sixties. There have been first five 
and then six American land-grant institutions involved. Missouri,
Ohio State, Tennessee, Kansas State,TMinois, aaicPenn State. 
. It has proven, I6hink, to'be -the case ihat the Indian institutional 

structure was ready for and indeed needed somethibg rather close to 
the concept of the land-grant institution. 

There-arehow nine-of tlese State agricultural universities which are 
turning out a good deal of trained people in agriculture. They are 
meeting the needs for infrastructure, and are now beghiming actuadly 
to train farmers n some cases. Wurthermore, they constitute a very
important comnponent of the applied research n6twork -thathas begun
to work in a really.promising fashion. 

BOTTLENECKoE IN LAC., Or TRAIfUnG 

Mr. B3Enus m. 'Imight adt4 a point. 
-Letime say Tirst, in response to Mr. Findley's question, that -Idoii 
hilikthere hasceen enough training-despite-the quantitative effort so

far. I 
This definitely is going to be a bottleneck for the futur, despite

Mdiisiderable training efforts. In our own U.S. .bilateral piograms,,
which I ddnt have the figure-here Ofthe arcipants trained in agri
culture, *Iwould ventiure to guessiit is in the 30,000 to 4,00 inunbets.
That is,people who have been bronght to this 6ountry for ckancedl 
training of variouskiiicsain: grietnvae. -

As I -mentioned earlier, -we ha-e currently 57 'agricultural projects
beiiig impleinehted by U.S. universities, the 0argest pa-rt of which are 
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concerned with training programs similar to the one that John Lewis 
mentioned for India. 

But having said all that about quantity, the key point, I 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 momentun? 

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 
agricultural 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. 

There wasn't the drawing power needed to direct the training more 
effectively.

I think, as has been mentioned, you have sort 'of a self-generating 
improvement effect growing out of the new opportmtities, the new 
sense of possibility, which has grown out of the Green Revolution, 
although it is very restrictive in scope, as has been pointed out. 

It does point the way to people as to what,you need to do for training 
and education, that it is 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. ZABLOCKI. Mr. Brown? 

'TIBER OF AGRICULTURISTS TRAINED IN UNITED STATES 

Mr. BRowx. We have been speaking somewhat uncertainly about the 
number of people that we have trained in this country from the devel
oping countries. We have several people here today from the Foreign 
Training Division in the Department of Agriculture; Dr. Sy Harvey, 
who is the director of that program. Sy, for the record, how many 
agriculturalists have we trained since 1950 in this country? 

Mr. HAxvEr. 43,000. 
Mr. Browx. 1950 through 1969? 
Thank you. 
Mr. ZAnocn. Are there any questions! 
Dr.MELLoR. Could I add 'a brief comment on the matter of univer

sity education?- I think the mvpid agricultural change in India has 
brought an interesting feature. There is a great increase in demand 
for technically trained agriculturialists in the private sector of the 
economy. 

I think it is very interesting that what 'are probably the two best 
agricultural universities in India, which have been developed very
much with American assistance, are now putting a very high prb
portion of their graduates into the private sector of employment 

-f you, go bid.k before the Green Revolution practically all of 
them went into Government employmeit. II think this is a very sig
nificant factor from the point of view of longer term agricultural 
development. 
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XATIONAL PRIORITIES 

Mr. Fxusan. 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 cut in 
military spending of 6 percent or 7 percent, which I think is a pretty 
fair cut considering the waris still going on. 

Tuesday, we will have in front of us a second cut in economic as
sistance, which if left untouched will mean that the economic assistance 
request 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. 

I hope the House will change some of these decisions, at least on 
the economic assistance. But dcon'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 larger set of policy decisions which are 
bearing down very heavily at the moment. 

Mr. ZAswooms. Are there any questions from the observers? Mr. 
Wolf? 

DITSSEMNATION Or SYMPOSIUM PROGEEDMINGS 

Mr. Woir. I am a former colleague of my distinguished chairman,
Mr. Zablocki. I would like to say that nothing that has been said here 
today will make me sleep better tonight. 

We think about different things in the light 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 like 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 would present some portion of 
the findings of this symposium at the Second World Food Conference,
which is scheduled for the Netherlands, the 16th and 80th of June next 
year. 

As you may 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 this is 
done in my capacity. 

But I would be interested immediately in what steps will be taken 
to multiply whathappened here today. 

Mr. ZABLoxI. The Chair is very happy to advise the gentleman and 
others gathered here that the hearings and proceedings 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 a summary or a report of this 
symposium presented at the World Food Conference, we will have to 
:take that under advisement with the chairman of the full committee. 

It is an excellent suggestion, I might say. 
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If there are not any further questions, the Chair is tempted to rec
ognize some of the very imortant guests and people present here as 
observers. At the risk of missing anybody, I hesitate todo 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 assisting 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 

symposium.
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 symposium, and in particular, we want to thank and extend our 
appreciation to the participants. They have, as I am sure you will agree 
with me, presented fine papers, commentaries, and direct answers to the 
questions that were asked of them. 

We sincerely thank you gentlemen. 

"A rUmU FoR mAm" 

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 Eaogle Award from the Council 
on International Non-Theatrical events ?CINE) 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 Future for Rain." Dr. Foster 
and his wife also wrote the script. 

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; land the nar
ration was done by Priti I. Monteiro, a graduate student in electrical 
engineerng.

I want at this time to say thank you for coming, because I won't 
have time to say it 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.")
(Whereupon, at 4:33 p.m. the Symposium on Science and Foreign

Policy: The Green Revolution, conducted by the House Foreign 
Affairs Subcommittee on National Security Policy and Scientific 
Developments was concluded.) 

' The script of the film may be found on p. 163 of the appendix. 
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Hon. OrErENT J. ZABLOoSI, 
House of Repreentatvea,
Washington, D.0, 

SmT: As a botanist, I am vitally concerned about the so-called "Green Revo
lution", and I applaud all effoits to increase the world food supply. I must, 
however, register a strong complaint concerning news articles such as the Wash
ington Post's Sunday report of your forthcoming- Subcommittee session. 

Terms such as "miracle grains" 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 poputation inerease. Inereased yields of new grais 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 before. 

Those of us who attempt to convey the unpopular message that botanists can
not possibly continue to feed the world, if present population increases continue, 
find that those who oppose this view most often cite the type of nebulous opti
mism found in the announcement of your committee meeting. 

If a miracle does exist, it is only that mass starvation has been averted for 
a little while longer. Please use this reprieve to bring about the only miracle 
that can possibly save the world; a drastic and immediate reduction in the rate 
of population increase. 

Sincerely, 
W. L. KLARMAN, 

Assocwate Piofessor, College of Agricultur, University of Marlat, 
collegePark,JMd. 

STATEMENT op BUSINEss INTERxATIoNAL ConromATION: PRIvATE ENTERPRsE AND 
TME WORLD FOOD PROBLEM (SuBMITTED By KENNETH D. GoTT, EorToR, BUSINEss 
INTERNATIONAL) 

Why has the international corporation, so often referred to as the "best hope 
for bringing less developed countries out of backwardness", accomplished so little 
in the war against hunger? Is it the fault of the corporation, of home govern
ments, or of governments in the developing country? In part the blame is shared 
by all these institutions. 

Investors from developed countries are restileted by their own governments 
through illiberal import policies, capital export curbs, and high rates of taxation. 
Small wonder that many decide that the game is not worth the candle. 

In the developing country the investor faces major difficulties. Among them: 
t the need to train workers, who have no understanding of basic mechan

ical skills or plant maintenance; 
the need to borrow in a country where capital formation is slight; 
the need to guard against inflation and devaluation; 
the need to fight red tape, and discrimination (and sometimes arbitrary 

action) against foreigners; and 
* the need to operate despite government control on prices, imports, ex. 

ports, and the transfer of interest and earnings to the parent 
Despite these man-made obstacles, 'a number of international corporations 

have begun to devote a considerable pottion of their resources to solving the 
food problem, particularly in the area of synthetic foods and additives. 

The firms working to solve the problem include CPO International, Monsanto, 
General Foods, Ialston Purina, Kraftco, Nestle, and General Mills. 

(181) 
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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 question that a 
regional approach to development can be more effective. But this has not been 
generally applied to the food problen. There would be innumerable advantages. 

For the most part neighboring developing countries farm basiscally the same 
crops and raw materials: thus their exports are very often competitive. If 
regional development plans included direction -onr agriculture, e.g., X country 
would produce milk cows for a wider.market than local consumption; Y coun
try would produce the basic staple such as rice or corn for the- area, exports 
would be complementary instead. With the successful'advent othigh-yield grains 
such an approach is practical. 

The problem of distribution is critical in the developing countries. While 
there are a few firms that have organizations that cam support introduction 
of low-cost, high-protein products on a national or regional escale-there ate 
not many. Most of the companies that can manufacture such products, cannot 
effectively distribute them (even df -they could work out a satisfactory mar
keting approach inhpackaging and advertisig)..

Here, too, 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 ,ofTinilever in .parts of Asia and Africa, of Nestle in parts, of South 
America. But thersuccess of a few'does not 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 isicoordination 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 national barriers to the -free movement 
of goods,-men, money, and ideas across national borders. 

STATEMENT OF CHARLES M. HARDIN, DxrEror, INrTENATIONAJ. AoricueruAL 
INsTITUTE, UNIvEnsIr or CA'LirorIiKA, DAVIs 

Congressman OLEMENT 3. ZABtoOKI,
Chairman, Subcommittee on National Security Policy and Sfentific Develop

nents, Committee on. ForeignAffairs, Congress of the United States, House 
of Repreantatives, Washington,D.C., 

DRAR CoNonEssiAN ZA.3toCKI: Thank you for your invitation to attend as an 
observer the symposium/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 opportunity to comment, following your invitation. 

I am convinced that we have in the, United States an instrument of great
potential that has been far from fully utilized to promote technical assistance 
abroad. I refer to agricultural science which we-have-institutionalized largely in 
the colleges of agriculture in the landgrant universities and in the U.S. Depart
ment of Agriculture. 

In order fully to realize tbe-potentialitiesof agricultural science and technical 
assistance, we need some drastic departures in policy. We need especially to use 
the colleges of agriculture much more effectively than we 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 institu
tions which they sorely need. Second, the colleges of agriculture have-eachedealt 
with the complexes of agriculturaL-problems-that-characterize the various states. 
In-California, as intollier states. the agricultural scientists cooperate with each 
other as teams. It is precisely this kind of team approacb to complexes of prob
lems that characterize agriculture which we need to help.the poor-countries estab
lish abroad in their own institutions. 

We here in California strongly believe also in long-term service abroad to 
carry out our technical assistance programs. We propose to model as far as 
possible on the Rockefeller F6undation's program in Mexico wherein one of the 
salient characteristics is that the leading Agures went to Mexico for long periods 
so that their professional careers were committed to Mexico--that is-where their 
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professional repuations would inevitably be made. In contrast, particularly for 
agriculture scientists, the traditional AID contract calling for one or at most 
two years' service abroad leaves the agricultural professional in precisely the 
position he has always been in: the work abroad is a sideshow or a diver
sion and the real theater of his professional contribution and advancement re
mains at home. At the same time, while we build programs abroad around the 
career service of such individuals, 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 specific problem develop
ments and mission responsibilities overea. 

To achieve the foregoing kind of program. the universities. and the colleges 
themselves will have to make some changes-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 
be 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 agricultural research but for agricul
tural service abroad. Since the program under discussion is in the national in
tet est, the national government should pay for it fully. At the same time, the uni
versities, the colleges of agriculture, and particularly the individual scientists 
all need to be able to make their long-term plans and their career commitments 
against some assurance of a regular flow of funds. As vou well know, we are not 
talking about massive inputs If we could start out with a 20 million dollar ap
propriation for this purpose and then work up perhaps to 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 a ten-year program in soil and water management (or irrigated 
agriculture) to be carried out in India under the auspices and with-the support of 
the Ford Foundation. This program will be implemented by the University of 
California and especially, but not exclusively, by the Davis campus. Our program 
is modeled on the principles expressed above. We have developed a program 
through the contribution. of our own scientists acting jointly with prospective 
Indian counterparts. Ford Foundation has given valuable advice from time to 
time and stands by ready to finance the program over a ten-year period with 
budgetary periods of two years each. We have one of our ablest men, Dr.Jertil A. 
Krantz. to lead the program. We also have two or three other senior men with 
considerable reputation who are prepared to go for relatively long periods. Around 
this nucleus of long-term personnel, we shall build a program which will also 
make use of short-termpersonnel. 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. 

fiinally. if programs of the kind that I have sketched are going to be developed, 
we shall need special orientation to them on the part of AID. We will need an 
agreement in AID to devolve responsibility on the colleges and to let them plan 
and develop -programs.There should be insistence on careful reporting, of course. 
But thp essence is to fix responsibility on the colleges and then to give them suf
ficient discretion 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 the administration of 
AID and on various members of the House and Senate. I am delighted to have 
this opportunity to present the argument at least in written form to You and 
your subcommittee. Coming from Wisconsin as you do, you are aware, I am sure, 
of the tremendous potentiality of a first-class college of ariculture. You are 
probably also aware of the tendency of our rapidly changing society to cause 
changes in the college of agriculture which will make it less suitable 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, at least for a number of years, 
in order to draw upon their demonstrated abilities as institutions of applied sci
ence to serve as bases for the development of similar institutions in the poorer 
countries. If there is anything that I can do further to clarify this argument for 
you or members of your committee, I shall be most happy to do so 

Sincerely yours, 
CflARnss M. HAnIN,

Difrector, InternationatAgricultzraZInstifiue, 
Uiversity of Califonia,Davis. 
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.DEVELOPMEENT OF ENTREPENEUsHIP FOR TEEGREEN 3EVOLUTION 

The ability of underdeveloped countries 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 which 
the Green Revolution is taking place has been iecognized by nearly all those 
who are responsible for the successes which have been obtained; however, too 
little emphasis has been placed upon developing the requisite skills for entre
preneurship.

An attempt should be made to hnrnegs the forces emanating from the Green 
Revolution to generate entrepreneutship of a type most suitable, and in areas 
where it is needed most urgently, namely, within the rural environments. The 
agri-business centers within these areas, a few of which are beginning to develop,
show promise for this purpose In general consideration of the utility of the 
agri-business centershas led to emphasis upon their potential for providing ade
quate non-farm employment opportunities for excess agricultural labor and 
for providing income to support markets for increasing supplies of food. The 
potential in these centers for development of entrepreneurship has usually been 
neglected. 

At the same time it has been fully recognized that facilities for marketing,
storing, and processing agricultural products are inadequate or absent, and 
that credit facilities through which small-scale produceis, may acquire seed 
and fertilizer do not exist in most areas. These deficiencies are barriers to many
forms of effective entrepreneurship. However, all this is to the good, for under 
the circumstances development of appropriate institutions and development of 
effective entrepieneurship can be mutually supporting, What is bad is that the 
propitiousness of the circumstances 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 fact that imported top-down planning has an aura of ex
pertise that insulates national leaders from the responsibility to mobilize internal 
entiepreneurial resources. 

There are several advantages to utilizing the agri-business centers within 
rural environments as training centers for entrepreneurship. Wirst, the re
sponsibility of developing countries to mobilize their internal entrepreneuial 
resources will be assumed, and under circumstances that encourage from the 
bottom-up democratic processes. Second, in view of the uncertainty about just
what politics and practices will lead to optimum adaptation to improved agri
cultural processes, small-scale alternative solutions can be tested at local levels. 
This minimizes risk of failure on a national scale, and it is conducive to linagi
native, creative solutions to problems .that are unique to specifle arells. This 
latter advantage is especially siguficant in countries where there are vaiious 
ethnic and religious barriers among the peasant producers. Third, the centers 
will provide sufficient economic opportunities to attract talented, educated,
urbanized young people who can most easily be trained for entrepreneurship.
This will discourage the squandering of this valuable manpower, which is 
so often the case. It will also discourage the elitism which tends to accrue to 
well-educated members of urban societies and which has inhibited the develop
ment of effective entrepreneurship. Fourth, and most important, the widely de
centralized feature of the agri-business centers within numerous rural areas 
will encourage wide-ranging experimentation and adaptation Pragmatic bust
ness skills in large numbers of relatsbely snall enterpriset wilt be developed.
The impact of such skills upon the-underdeveloped countries may prove as great
as-the impact oft1e Green Revolution itself. 

The matter comes to this: attempts to build some segments of what Is needed 
for adjustment to the Green Revolution, from the bottom up, will mobilize critical 
resources, emphasize democratic processes, minimize risk of failure, and sustain 
progress. These attempts, in essence, will utilize the strains and tensions that 
have been generated by the Green Revolution as abrasives to fashion appropriate
receptacles for it. 
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(These remarks were included in the hearing record at the request 
of Mr. Fraser.) 

STATEMNT or WILLIAM R. PEAnCo, Ir PSESlmNT, CAnaL, Iso. 

Arthur K. Watson recently spoke of the troublesome old tradition that requires 
speakers to come up with a title long:before they know what they wan to talk 
about. The tradition troubles me too, but for a different ieason. My problem is 
that an "appraisal of.grain 'prodnetion and.demand" is so discouraging for those 
of us who tend to judge the world grains situation in terms of U.S. export 
prospects 

World food grain production is increasing much more rapidly than effective 
demand. Because new production is fairly well distributed, levels of trade thave 
declined in three successive.years. U.S. wheat exports dropped nearly 30 per cent 
last year The world wheat surplus also has spilled over into feed grain markets, 
especially in Western Europe. As.a result -world feed grain exports have leveled 
off and the U S share has declined 

While there may be some improvement tbis year, it's not likely to be very sig
nificant. Factors that have pushed production well ahead of demand-and these 
nclude new technology, new producer incentives and new determination on the 
part of governments to protect producers from foreign competition-will con
tinue to have their effect. 

Nowhere have these factors produced more dramatic results than in Asia. It is 
not exaggeration to say that recent increases in productivity have altered the 
social and economic outlook-of this area beyond measure. New production of wheat 
and, rice in Asia is certain to influence both patterns and magnitude of world 
grain trade in the years ahead. What seems less certain is whether the impact of 
this success will be felt mainly on the supply side -ormainly on the demand side 
of the world-market equation. 

There are several reasons why wheat and rice production in South and South
east Asia has risen faster than in any other area inthe last three years A change 
in 'the focus of the U.S. aid program -from food aid to agricultural development is 
partly responsible. A sharp increase in the amount of technical assistance, grants 
and credits for these activities also contributed. But the most important factor 
has been the spread of new, high-yielding, fertilizer-responsive dwarf varieties 
oi wheat and rice. These new seeds. combined with apackage of improved inputs 
and cultural practices, have increased yields under field conditions by multiples 
of two and three. Because they mature faster and are day-length insensitive, 
many farmers can -now achieve these results with two crops, where previously 
only one could be grown As Dr. Norman Borlaug, who, more than anyone else, 
is responsible for development of the new seeds, has observed, these "spectacular 
increases in yields, destroy, in one stroke. the built-in conservatism or resistance 
to change that has been passed on from father to son for manygenerations in a 
system of traditional agriculture." (1) 

The greatestimpact of the new varieties has been felt in India, Pakistan and 
the Philippines. India has boosted its wheat production -in four years by more 
than half Pakistan has done at least as well. New production-of -both-wheat and 
rice in West Pakistan have been more than sufficient to offset deficits in East 
Pakistan. The Philippines, long an importer -of rice, is now producing e:+portable 
surpluses Beyond this, the new technology is in various stages of development 
in nearly a dozen other countries in Asia and Africa. 

The full implications of this so-called "green revolution" are not-easy to.nssess. 
Here even experts disagtee, and they disagree-to a surprising extent. 

FAO, in the provisional draft of its "Indicative World Plan for Agricultural 
Development" under discussion this week in Rome, apparently concludes that a 
much more rapid increase in cereal production in developing nations is necessary 
not just to assure an adequate supply of staple foods but also, to increase their 
foreign exchange earnings.(2) Dr. Borlaug. on the other band. is concerned that 
the momentum already achieved raises the possibility that ninumber-of develop 
ing countries in the Near East and the Middle East will be producing sizable 
export surpluses within 5 years. (3) 

Dr. fBorlaug points out that Pakistan already' is faced with serious clallenges. 
Pakistan is capable of producing 10 million tons of wheat-or 2Y2 million-tons 
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more than her domestic needs-on land now planted to wheat. In the absence of 
other acceptable substitute winter crops, Pakistan must try to restrict produe
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, a shift of resources from agriculture in the rest of the world would 
benefit both sectors. However, as Quentin West observes in the November 10 
issue of ForeignAgriculture, "the study itself provides no analytical proof that 
this is so. There is no general agreement among economists on this point . . ." 
(4) Dr. Borlaug has noted that comparative advantage involves not just the effi
ciency of the production systems. For developing countries, inadequate pur
chasing. storage, transport, milling and port facilities all represent serious 
'bottlenecks. 

Ester Boserup, writing in Cere*, an FAO publication, has suggested that, 
questions of comparative advantage aside, developed countries simply must 
accept 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 oum beneft, makes me skeptical that they can be per
suaded to do so for the benefit of new surplus producers. 

Nor does there seem much likelihood that world market growth will pro
vide an outlet for the new production. Developed countries have increased their 
cereal production 'by 120 million metric tons, or 17 per cent per capita, since 
1960-64.(5) OEOD predicts that if present policies are retained, by 1985 they 
will have increased production of exportable surpluses six-fold. Only Japan 
is expected to increase her imports significantly.(G) 

The prospect that developing countries will turn to world export markets, 
stems partly from the fact that income benefits of their new production have 
not been widely distributed. Fewer than 10 per cent of the 700 million persons 
dependent on agriculture for their living in Southeast Asia have been bene
fited.(7) As Clifton Wharton has noted, the new technology has been largely 
confined to regions "already more advanced, literate, responsive and progres
sive and which have better soil, better water management, closer access to roads 
and markets-in sum, the wealthier, more modern farmers."(8) The result has 
been that extensive investments in the new technology have added very little to 
employment, income and domestic markets for the new production. 

This concentration of the new technology has created more serious problems 
of another sort. They have been described by Richard Oritchfield, writing in 
the New Republic. (9) 

"Since the initial impact is to make the rich farmers richer and the poor 
and the landless poorer, the social and political changes of the wheat and rice 
revolution have already been far-reaching. Last 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 landlord's for higher 
wages. - . . Some PAO economists believe the new seeds figured significantly 
in the fall of Pakistani president Ayub Khan.. . . I heard serious talk from 
both Indians and Pakistanis at FAO of the possibility that Pakistan's growing 
prosperity might lead to a breakoff of East Pakistan and its formation with 
India'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 areas to urban slums. In recent testimony before a Sen
ate committee, Dr. Philip M. Bauser. Director of the University of Chicago's 
Population- Research- Center described Iniplications of this movement.(10) 

"Poverty, hunger, frustration and alienation are serious enough in widely 
dispefsed 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 is likely to increase not decrease . . . the government of the Tnitod 
States, as well as other governments. will be faced with more, not less, crucial 
international problems, diplomatic and military." 

'While these so-called "second generation" problems are now gaining wider 
attention they are not likely to be solved very soon, or very easily. Extending 
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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 infrastructure of a modern marketing system-transportation and 
facilities for preserving, grading, handling, storing and processing of produc
tion. Purther, it will require credit facilities and markets to channel inputs, 
transmit price incentives and dispose of production. None of these exist in 
Asia's rural hinterlands, except in very rudimentary form. 

*Beyondthese requirements lie another set of barriers we understand very 
little. As Gunnar Myrdahl has pointed out in his lengthy and scholarly work, 
Asian Drama, an Inquiry into tle Poverty of Nations, much of the isolation of 
rural areas stems from more intractible problems rooted in land tenure relation
ships, religious beliefs and the institutions and attitudes which spring from.tradi
tional patterns of village 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 -tolie in achieving a better balance between 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 suggests first renewed emphasis on development of light industries to 
capitalize on labor-cost advantages of developing nations. As David Bell ob
served recently, "If increased agricultural output is to be sold, internal markets 
must grow, based on rising urban and industrial incomes." (11) 

Recent successes in agriculture have tended to obscure the fact that, in de
veloping countries as a group, since 1960 production in the industrial sector has 
grown more than twice as fast as farm production. (12) The contributions of 
industry to growth and development have been limited not so mueh by lack of 
comparative advantage as by tariffs and other devices which discriminate against 
low-cost manufactured products in developed-country markets. 

President Nixon recently reaffirmed U.S. support for tariff preferences for 
developing countries, but there is 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 redactions. So 
far not a penny of assistance has been paid out under those provisions. David 
Rockefeller has suggested creation of a National Adjustment Board with broad, 
flexible authority to provide prompt relief and underwrite necessary adjustments 
in industries and communities adversely affected by imports. (13) If this proposal 
is acted on, it may be possible to attract support in Congress needed to provide 
a growing market for manufactured exports of developing countries. 

However even if we and others provide the basis for more rapid industrial 
growth, there is little likelihood that industry in most developing countries can 
absorb and provide sufficient income to people now underemployed in rural areas. 
Instead, as Gunnar Myrdahl and others have observed, while industrial growth 
gathers momentum, agriculture must serve as the welfare base for rapidly 
expanding rural population. 

This strongly suggests -a new strategy for agricultural development, guided by 
two imperatives. First, by the continuing need to increase production and second 
by what may be the more urgent need to deal more effectively with problems 
arising as a result of vast unemployment and underemployment in rural areas. 

This does not imply that investments in the technology of the "green revolu
tion" be discontinued. It suggests, instead, 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 America, calls such a policy "contrived dualism " (14) 

David Rockefeller recently alluded to the danger in confusing concepts of 
"growth" and "development." Both are essential. (15) Growth refers to economic 
progress. 'It appeATs to-developers, partly I suspect because it is easy to measure. 
Development, on the other hand, involves "a best of social, cultural, political and 
psychological factors" more closely identified-with human need. 

This distinction seems especially important in shaping goals for agriculture. 
Success of the "green revolution" has relievedimmediate concern about adequacy 
of world food supplies. This success makes it possible to shift the focus of in
vestment strategy in many developing countries from production and supply, 



188
 

which support growth, to, income and demand, which are more -essential to 
human progress. 
, Our support for this- reexamination, of goals and strategies is bound to be mis

understood because of the interest all of us share in 'preserving and expanding
markets for U-S. grains. Still, in this case- selK-interest is- strongly supported:
and reinforced, by Compelling human need. rf present policies for devgelpient
remain unchanged the main-impact of the new technology in Asia will likely be 
felt in world markets already depressed by-surpluses If it cambe redirected, it 
could istead provide impetus for much broader and more significant progress. 
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STATEMENT OF 31. EDWARD PETERS, KRR-McGEE CHE&MAL Coar., FosToRnA, OmIo 
Mr. Chairmar: First, let me extend my appreciation to Congressman RobertTaft, Jr. for his invitation to attend this symposium.
To be-in agreement with our learned panelists and in particular Mtr. Dennison,I feel that Agribusiness mustplay afar greater role in the""Green Revolution"1n

the future. As, I appear to hold the distinction of being-the only person in attendance repiesenting Agribusiness, let me say I am proud that Kerr-McGeeObemical Corp. does have-the foresight to recognize our developing nations as potential markets in the next decade We are watching this progress with muchinterest ant'entli smn. 
With dynamic leadership, concentrated cooperation between Institutions, Government Agencies- and private Industry, we firmly believe that unparalleled goalswill 	be achieved in International Agriculture Development in the seventies. 
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STATEMENT or K. SAnDEr, SECOND SEcRETARY (Ecoxomic), EaBAssY or IDTA, 
WAsiOTow, D.C. 

The Foreign Affairs Committee, and Congressman Clement J. Zablocki in par
ticular, need to be congratulated on oiganizing a timely symposium. on, an ex
teremely important and relevant topic. Not only does the Green Revolution promise 
to put an end to a past of hunger and improvement, but it also seems likely 
to determine the 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
lution", the discussions of this impressive assemblage of widely acknowledged 
experts cannot but be of great interest to those concerned with and involved 
in the changes being wrought by the new agricultural technology 

One thing on which all speakers were agreed was that what had been achieved 
so far was merely a beginning. The real promise lies ahead, at the end of a road 
lined with efoi ts of unprecedented magnitude. This is well recognized in India 
whose leaders have firmly discouraged any euphorie talk of a Green Revolution 
resulting in a quick and easy solution to all food problems- The emphasis is on 
long term and comprehensive measures to increase food production at a rate fast 
enough to keep pace not only with the rise in population but also with the increas
ing per capita consumption 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 feitilizers and pesticides,
build millions of tons of storage facilities, hundreds of thousands of miles of 
roads to carly the inputs and the produce and a 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 'the resource needs of the 
agro-idustrial sector. 

Mr. Lester Brown made a very significant observation that there is always a 
tendency to give credit for such a revolution to the last essential ingredients to 
make its appearance. It is not always remembered that the miracle seeds, or 
even changes in policies regarding agricultural prices, could not have by them
selves brought about, and cannot in future sustain, the Green Revolution. The 
industrial base built up in India thiough the efforts of the past twenty years will 
play a crucial role in carrying forward the momentum now being built up The 
Green Revolution will make heavy demands on industry and will call for sub
stantial additional investment in it Furthermore, the rising incomes in the 
rural sector will lead to an expanding market for consumer goods. The Green 
Revolution can well trigger off a revolution in the demand for industrial products. 

The Symposium stressed the possibility of large scale social disruption if the 
fruits of the Green Revolution are not spread more evenly. The Indian Govern
ment is well aware of these dangers It is a Istoric fact that technological 
changes necessitate social change. Indin's Home Minister recently told a meeting 
of the Obief Ministers of all the Indian States that "unless the Green Revolution 
is based on social justice, I am afraid it may not long remain green !" Institu
tional changes will, of course, be needed, to ensure greater security of land 
tenure, expansion of credit facilities in rural areas, streamlining of marketing 
arrangements and much else besides. All this will make it possible for the small 
farmer to benefit front the Green Revolution. As Mr. John Lewis pointed out,
the new technology is not inherently biased against small farms. There is no 
reason, therefore, why the small farmer cannot be the pillar, instead of a victim. 
of this Revolution. 

R. SAnDEv, 
EntbaaU of India, Washington. D C. 

STATEMINT or EnAn A. SYEUE , PRorEsson, EDUoATION AND SooroosY 3ot-xA 
SCIENCs TEACHING INSTITUTD, MICHIGAN STATE UNIVErSITY, LANSILG 

Chairman Clement X. Zablocki and the others responsible for planning and 
carrying out a successful symposium/hearing on the "Green Revolution," de
serve warm congratulations not only from grateful observers but from the inte
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national public interested in recent significant developments in this very rapidly 
changing situation. Ohairman Zablocki's invitation for observers to send him, 
for publication, their reactions to the stimulating and informative presentation 
is generous, much appreciated, and deserves our considered responses. I consider 
the two questions posed by Mr. Zablocki perhaps the most important of those 
raised in the course oftbe session: How can We cooperate more effectively? Do 
you see any possibility of cooperating with mainland China in lelping 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. Zablocki's second question I must say I was greatly heartened 
to hear it raised, for it demonstrates an outlook of sympathetic, humane con
cern, and an inquiring frame of mind, which taken together are most likely to 
lead to peaceful co-existence and eventual cooperation with the People's Republic 
of China. Since I have lived and worked for four years on mainland Asia, never 
far from the borders of China, I am frequently reminded that we Ameficans are 
often unconsciously patronizing and very unrealistic in what we think, how we 
feel, and what we say we want to do about Asia and Asians. Today's local paper 
contains a story by Jon Nordheimer about a spectacularly successful young Texas 
businessman, H. Ross Perot, whose recent public service activities include a na
tional ad campaign supporting President Nixon's policy in Vietnam. His point of 
view, I think widely shared, really the antithesis of Chairman Zablocki's is con
tained in the following words: ". . . all the presidents and their secretaries of 
state since Truman have come to the same conclusion, that we must stabilize 
Asia." I 

What we fail to realize is that Asia is not ours to stabilize. Congressman 
Zablocki's question reveals an outlook which would permit and encourage re
newal of our once warm cooperation with the Chinese, for the relationship 
would not cost them their self-respect. This is essential, and the sooner we learn 
it, and implement this understanding, the sooner we will relinquish our in
creasingly hazardous and potentially suicidal dependence on force .and violence 
to assure the security all peoples seek. 

Wendell Willkie clearly saw and reported the kind of international inter
dependence which he expected to emerge in the post-World War II period in 
his unforgettable 1043 book, "One World." But most people in both developed 
and developing countries still do not see the imperative action implications of 
these international interdependencies. If the insight and perspective gained by 
astronaut Frank Borman (quoted below) in his Apollo 8 trip to the moon is 
widely disseminated and generally adopted it could prove to be the most valuable 
return from our entire decade of American investment in outer space science and 
technology. Dr. Robert Leestma quotes from an article in LIEE] magazine as 
follows: "Borman said as he caught his first view of the earth on the return 
flight: 

"'The view of the earth from the moon fascinated me-a small disk. 240.000 
miles away. It was hard to think 'that that little thing held so 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 look at earth 
and never know that it was inhabited at all. But the same wayward stranger 
would certainly know instinctively [this I might question] 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, air, clouds, floating 
around in space. From out there it really is one world.' "2 

Most people in developed countries now seem to hare come to accept th as
sumptions, outlook, and broad implications of a scientific point-of view._regarding 
our world and the solar universe. The miracle -of -men actually landing on the 
moon and returning-to-earth according to precise plan, all with safety, has con
vinced the miost skeptical that, given time and resources, men using the methods 
of science-and technology can solve problems of a complexity hitherto considered 
insoluble. 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 
plant breeding had been accomplished, and should take far less time than the 

I The State Journal (Lansing Mich ). Sun ..De,.14.1969, p. C-7.2 Hearings before a subcommittee of the Committee on Appropriations, House of Repre
sentatives. 91st Congress, first sess., pt. 5, Office of Education (Washington: U.S.G.P.0,
1989), 5 1002. 
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painstaking and long-drawn'out process of genetic manipulation. I do not wish 
to minimize in any way -these "miraculous" achievements to date But I am in
terested primarily in the people 'who ultimately must be willing and' able to put 
to good use-the new knowledge and technology if the world's hinger and nu
trition problems-are-to be solved. HenceI think the thrust of Secretary Clifford 
Hardin's keynote address deserves emphasis: even in this rich country, where 
uncontrolled increases-in agricultural productivity remain an unsolved domesti'c 
problem, domestic problems, of hunger and nutrition also face us. Despite the 
dramatically encouraging evidence of the -lastfew years, so long as-agriculture
remains largely subject to the weather even the Green, Revolution promises 
no dependable solution to the food problem so far as mankind as a whole is 
concerned. 

What we think ought to take place next, in our continuing efforts to solve 
these basic problems of survival, will depend very largely on our conception 
of how things hang together, on our understanding of. the crucial variables and 
their control. 

Dr. 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 a germinal role in developing the con
cept of internatiohal agricultural research institutes. The International Rice 
Itesearch Institute (IRRI) at Los Bailos, in the Philippines, was certainly built 
mainly on that model. These two agencies, which have been functioning now for 
some years, and the two, tropical agriculture research institutes now being de
veloped in 'Oolombia 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 evolved the means to cope with these problems 
at one level we now emerge into a new phase where the riddles are of even 
greater complexity and more 'baffling multiplicity. For at the new stage, in this 
endlessly emerging sequence of new problems in -development, we must deal, 
not with tractible domesticated plants, but with adult human beings who have 
pride and sensitivity, who insist on very considerable autonomy, who have a 
strong -sense of the traditional, and whose material resources are so painfully
limited that only the irresponsible would gamble-on the vaunted new methods at 
the risk of falling below minimum levels of security. 

*Former Secretary of Agriculture Freeman stressed the solutions achieved at 
the technological level. But he frankly admitted the emergent problem: "How 
do -you get people to eat new 'and improved foods?" He might have added. "But 
that just don't taste right!" 

Lowell Hardin pointed out that indigenous leadership has played a major role 
in' the Green Revolution, with governments playing supporting roles. (The 
contributions of private foundations are too well known and appreciated to need 
emphasis here.) He said the unsung hero of the Green Revolution might well be 
the farmer, the villager, who-hasrather consistently adopted "improved methods" 
when it was in his interest to do so. 

The Rockefeller Foundation Vice President, Dr. Myers, speaking in Dr. Har
rar's absence, emphasized theimportance of "country" rather than international 
programs (though they would require strong international components) : re
search and experimentation planned and executed within the framework, and 
geared to the distinctive needs, of the developing countries themselves-for they 
are or aspire to be sovereign nations regardless of how limited their own re
sources. Most critical, Dr. Myers said, are the human resources. 

I think the validity and importance of these observations cannot be over
emphasized. They are illustrated by the experience and achievements of the 
only overseas development institution I know something about: The Pakistan 
Academy for Rural Development, at Comilla, East Pakistan. Under the leader
ship of its first Director, Dr. Akhter Ilameed Khan, who recently retired from 
government service, it has invented/discovered an impressive new model for 
peaceful and continuous social change which, in the long run, may well prove rev
olutionary. Some major components, are over a century old and widely known, 
such as Germany's Raiffeisen type cooperative, and this country's land-grant 
type people's college and university. Others are so new as to be in advance, prac
tically speaking, of the most developed countries. When Senator Fred R. Harris 
proposes, as he did in S. 836 in 1967, legislation to create a National Foundation 
for Social Sciences, I think he can find one version of his vision anticipated by a 
decade and now a vigorously functioning reality-on the other side of the globe.
The Comma Academy operating in its unique human laboratory iIlstratesorme 
aspects of such an agency, including its inherent diffculties as well as its utili
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ties. Eflicient use of scarce professional and technical manpower multiplies its 
effectiveness. It is creating an entire new generation of tested; -increasingly 
competent and politically ambitious, tireless young leadership. This transforma
tion is taking -placeamong rural people as well.as government officers. Hence the 
Comilla model, as a.development institution which may be visited, observed, criti
cived, and studied for possible adaptation anywhere in the' world, I believe goes 
far beyond thoseidentifiediby Dr. Harrar as moSt significant. 

In its lahoratory areanew development-ideas, ipolicies, practices, andvprograms 
are being experimentally undertaken, and scientifically observed -and,analyzed, 
on a small scale. The innovations advantages as well as its hazards, conse
quently, can be experienced, discussed, recor.ded andI communieatedJ4Or-the con
sideration and policy-making guidance of all concerned "There is nQ1,ngtgieia 
technology unless it is applied," is the way Secretary Hardin- put it. 'Since 
Cornell University Press is about to publish the first book in English on the 
subject-Rural Development in Action: The Comprehensive Experiment at 
Comilla, East Pakistan, by Arthur F. Raper, et al.-those who are interested 
can soon inform themselves if they wish. 

Onthe symposium topic an Academy publication I received just one year ago 
deserves mention because it is so relevant and informative: "Cultivation of 
Ir-8 and Irrigation Prospects and Problems: A Report on the Farmers Seminar 
Held From March to May 1969," by, A. M. Akhanda and 'M. Ameerul. Huq. It 
reports candidly on the causes of failure as well as on the generally very great 
successes experienced by nearly 2,000 farners and government ofieers from all 
parts of East Pakistan when they tied out the new IRRI rice seed supported by 
irrigation. The reports of their discussions demonstrate that improved genetic 
rice strains are by no means the end of the better food supply story. For is it 
eortoin that 1R-S rice is best under all conditions in' East Pakistan, for the 

authors state that as they were writing this monograph "more than 2,000. IRRI 
selections" were being tested. (P. 18) -

Clifton-R. Wharton, Jr., the new president of Michigan State University, has 
warned that even though thetfear of starvation maybe ended by the Green Reyo
lution it will assure a more palatable, so to speak,, but nevertheless difficult and 
novel set of problems. Unless those who are interested see and sequentially pre
pare for the entire range of major problems which emerge as we pass-from one 
phase of increasing development to the next, from the near future to the long 
run, we are likely to experience needless shock, frustration, and disappointment. 
Furthermore, unless the benefits resulting from successful development are dis
tributed reasonably equitably it is possible, perhaps even probable,, that death 
and destruction will accompany the. process rather than life and 'development. 

Lester R' Brown's paper cites a New York Times account of 42 persons being 
burned to death, late in December 1968, "in Tanjore, one of India's model agri
cultural development districts." I He says this was because there was disagree
ment, "a tragic clash between two groups of landless laborers," who-fought over 
"how best to get a share of the benefits from the new seeds being plantedaby land
owners in, the district." (P. 21) Wharton's account of the same conflict calls it 
a clash "between the landlords and their landless workers who felt that they 
were not receiving their proper share of the increased prosperity brought by the 
Green Revolution." ' 

1Under the conditions which prevail in much of the developing-world no Comn
munist conspiracy is required to account for such violence and, killing. No man 
today is happy to perceive himself as the means for anotber!s enrichment under 
terms and conditions be considers unfair to himself and hislored one's 

The perceptive final paragraph of Dr. Wharton's paper, quoted above, deseirves 
our most serious thought and implementation: 

"The quiet, passive peasant is- already aware oi the modern world-far more 
than we realize atfd he is impatient to gain his'share. The "Green Revolution" 
offers him the dramatic possibility of achieving'his goal tbroughpeacefulmeans 
It has burst with such suddenness that ithas-caught many unawares Now is the 
time to place it in its long-range perspective and to engage in contingentyplan
ning so that we may respond flexibly and quickly as the, Revolution proceeds 
Perhaps in this way we can ensure that what we are providing becomes v 
cornucopia, not a Pandora's box." 

xDecember 28, 1968. T. 3 46 8 
2"Poreign Affairs" (ADril'1969), p. . 
?3IbckL, p. 476. 
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STYIr'sENT or. Tx AGENcy ron IraN AXoIAT DEVELOPUENT (SunsITED BY 
MR. MATrHEw T. HAnvnr, DIEaTOR, COXGuESSIONAL LIAsoN) 

DEcemBER 19, 1969. 
Hon CEMENT J. ZABroon, 
House of Representatives,
Washi1gton,D.O: 

DEAB CONGRESSMAN Z-AeroOxI: In response to you invitation to send additional 
comments to you for inclusion in the Committee's Report on the Rearing on- the 
Green Revolution, I am submitting twodocuments.prppared recently by the Office 
of Technical Services, East Asia Bureau, A.ID. These are examples of one 
approach which we have taken to give our field missions the thinking of social 
scientists about the impact of the high yielding varieties on the development 
processes in countries where we are working. The papers are being used with. 
other ideas inshaping.our programs in rural development. They indicate a partial 
answer to your question about what changes are being made in A.I.D.'s programs 
as a result of the "Green Revolution". 

Sincerely yours, 
MArTTnw T. IAnvsy, 

Director,CongressionalLiaison. 
Enclosures: (2). 

From: AID/Wasbington. 
Subject: Policy Implications for USAIDS in East Asia of Recent Experience 

with New High-Yielding Grain Varieties-Interpretive Summary Review 
SEADAG's. Rural Development and Asia Society's Second International 
Seminars). 

1. Two SEADAG Seminars held during June 1960 brought out lessons of 
recent experiences with the new high-yielding grain varieties and other devel
opmental programs which have offered important policy lessons in agriculture 
and have pointed out significant social, political, and economic implications 
for governments and A. I. D.'s of the East Asia region to consider in develop
mental programs. 

2. The continued progress of agriculture in these countries will depend on 
the abilities of the governments to shape agricultural policies and develop
mental programs to fit the needs indicated by this recent experience as brought 
out in these discussions and, in .ID's Spring Crop Review (Ref A. B, 0). 

&, The breakthrough with the new grain varieties and the knowledge from 
this experience as set forth in the subject discussions xvill have a direct bearing 
on AID's policy and program of assistance to agricultuie in the countries of 
East Asia. IMissions need to recognize the implications and to exercise leader
ship and guidance roles for governments where possible. Where appropriate,
reappraisal -of agricultural assistance programs in the-light of this recent experi
ence will be in order. 

4. The first of the two SEADAG sessions was the Rural Development Semi
nar n Honolulu, June 19-21, 1909 on, tmplications of TechnicaL Change on 
Grain Production and Trade in Southeast Asia, and chaired by Dr. Vernon 
Ruttan, Read of the Department of Agricultural Economics, University of 
Minnesota. Several outstanding economist and other social scientists from Asia 
and the T.S. presented papers and participated in the discussion (see Appen
dix I to Attachment A). 

5. The second of the SEALDAG Sessions was the Second International Confer
ence in New York June 23-25 on Agriculturar Innovation in Southeast Asia: 
The Implications for Development. This meeting was organized and conducted 
by the Asia Society under SEADAG auspices. Some of the scientists who had 
participated in the Honolulu conference also, participated in this seminar 
Others, also with international reputations,, participated (see Appendix 2 to 
Attachment A). 

6. Participation of the Asian scholars, provided a unique opportunity to gain 
the Asian viewpoint and to exchange views with Western scholars. Collec
tively, the participants offered A.I.D. the opinions and, thinking of some of the 
world's leading academicians and scholars -on developmental issues arising 
from the experience with. the new high-yielding- grain, varieties. Haring fol
lowed AID's Spring Cop Review, the discussions reflected knowledge gained 
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from this exercise in addition to providing a wider overiew of'ecohomic'social, 
and politicalfactors, particularly as relate to Southeast Asia. 

7. An interpretive summary review of the predominating views expressed 
on principal issues is presented in attachment A. This review aims at relating 
the political, social, and economic implications expressed in the Seminars to 
countries of the East Asia region, and to policies and programs of TJSAID. 
Summaries of papers as presented will be forwarded to Missibns, followed by 
final edited papers as soon -as they are available. SEADAG Seminars can be
 
of value in developing A.I.D. assistance programs -when properly interpreted.
 
Attachment A Is an attempt atsuch an interpretation.
 

ATTAGEMENT A 

INTERPETATIONS AND SUMMARY Rsnew OF SEADAG's RoIALLVELorMENT SE-

TNAR AND THE AsA SoCrsr' SEcoND INxTFlNATIoNAL SExumAn-m TUsNE 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 Innovation 
in Southeast Asia: The Implications for Development," June 23-25, 1969, New 
York, N.Y. (Chaired by Ambassador Kenneth Young). 

1. GEKERAL STATEMENT 

SEADAG Seminars Highlight Economic, Social, and Political hplications of 
Green Revolution 

Two outstanding SEADAG seminars were held during June 1969 'to review 
influences and implications of the introduction-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 Honolulu 
June 19-21, 1969, on the subject, Implications of Technicalt Change on Grain 
Production and Trade in Southeast Asia: The Implications for Development. 
The meetings brought together some leading American and. Asian scientists and 
scholars well known in their professions-and experts on the Asia situation (see 
Appehdies 1 and-2 to Attachment A).

The following review by East Asia, Office of Technical Services, AID summa
rizes' predominating views expressed in the sessions on principal*issues facing
the countries of East Asia Region in agricultural -development, and on impli
cations to USAID's policies and programs These represent also a confirmation 
and-further extension of AID's Spring Review assessments. 

2. GOVERNMENT POLICY AND AGIGULTURAL DEVELOPMENT-

Tec7tnological, Economic, and Social Implications of Breakthroughs with New 
Grain Varieties Necessitate Uareful Assessment and Development of. New 
GovernmentPoflclesfor ContinuedAgricultvaXProgress 

- Governments of LDO's need to re-evaluate their development policies in the 
light of the recent experience with-the high-yielding grain varieties. Appropriate
policies, pursued vigorously and with dedication can do much to overcome 
traditional inhibitions that have blocked progress of agricultural programs for 
years.

USAID efforts should aim at strengthening LDC policy actions In this respect,
significant influence by U.S:A.LD, Missions on- the formulation of appropriate 
government agricultural and development policy through one or two specialists, 
may contribute more to agricultural development thant adozen technicians 
-workingat-operatinglevels (fn seatteredtprojects. Such important infuence can 
be directed at any one or more of the factors described in this review. 

There is need to reorient thinking and*programming in agricultural assistance 
away from A.*LD.s traditional approach of-broad extension development for 
transfer -of U.S. know-how: Programs and efforts should be-shifted toward high
level policies concerning factors that are being commonly-referred to as "second 
generationiproblems"; and others-that sparkeTtlhe breakthrough and:are required'
to-sustaindt. 

Among the critical "second generation" issues are: pricing, markets, credit,
and. trade; processing, storage and expansion of agri-business activities; improve

http:U.S:A.LD
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ment and expansion of irrigation with attention to water management; develop
ment of additional rural infrastructure, planning of agricultural goals for a 
diversified industry to realize full potential of the-comparative economic advan
tage of each country; and political and sociological consequences of the new 
technology. 

To be considered among the factors which. sparked the breakthroughs and 
are necessary to sustain it are: agricultural research utilizing inter-disciplinary 
teams for development of adaptive technology suitable to local ecologies, climates, 
and cultures; pricing and farmer incentives; organizing of single-crop campaigns 
that cut across agencies to achieve "organized cooperation"; and assurance of 
availability of agricultural inputs, including improved seeds, fertilizer, and 
water through cooperative programs of government and industry with heavy 
reliance on and participation of the latter. 

31 PRICING 

Government Subsidization of ProducerPrices at Incentives Levels Considered 
Necessary in InitialStages for FarmerAdoption,,but an Economically More 
Suitable Base Must be Sought as ContinuousPolicyfor LDO's 

Those countries which have made progress with new grain varieties have 
followed pricing policies which were favorable to farmers. In some instances, 
these policies reflected changes from previous government practices of subsidizing 
consumer prices by enforcing low retail ceilings which depressed. farm prices 
below production incentive levels. Such practices had been abandoned in those 
countries where breakthroughs were made. In such eases, prices were .allowed 
to seek world levels, or were guaranteed at minimum levels by the government 
through programs of market intervention where the government bought a per
centage of production at the guaranteed price. Experience has shown a definite 
need for government intervention in markets during peaks of harvests in some 
countries through purchase and storage programs to stabilize prices at minimum 
price levels for farmers, 

Experience also signals caution against subsidization programs that generate 
surplus production which LDO governments cannot finance, which local process
ing and storage facilities cannot handle, and which markets cannot absorb. 
Encountered in almost all cases of successful increases in production were inade
quate markets to absorb all the increases. 

Pricing of inputs for new technology has also proven to be 'important for 
farmer adoptions The ratio of costs of inputs to 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
nized, particularly with rice in Asia where governments.ean fall on the issue of 
scarcity of rice and highly inflatedprices. 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 as in the Philippines, of recent 
experiences that illustrate these ultimate benefits Temporary subsidies through 
floor prices to farmers may be necessary. 

USAID's are encouraged to give priority attention to pricing issues with care
ful selection and use of highly specialized expertise and appropriate LDO indirect 
involvement A.I.D. and L D.C.'s have limited experience with this complex sub
ject and there is normally inadequate local competence to deal with it. 

4. BESEABOH 

New Innovations Emphasize IncreageaImportance of Adaptiivo and Basic Re
searchto Solve Second Generation.Problemsand'to Seek New Breakthroughs 
Suitable to Wider Ecological 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
geographical areas involved. While research results may 'have shown a wide 
geographical area of transferability, the transfers have -beenpossible only within 
rather narrow ecological and climatological limits; factors such as temperature 
ranges, total hours of sunlight per crop, length of days, water availability and 
control, soils, and other factors place limitations on transfer of research results. 
Even within these ranges of transferability adaptive research is needed to in
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troduce the new varieties to new areas -and adapt them to varying conditions of 
diseases and, insects. In this respect, some of the new varieties have responded
better than others wheniantroduced into these new areas. 

The breakthroughs with high yielding varieties resulted from research within,
given ecological and climatological conditions These spectacular results with the 
ntew varieties have emphasized' the importance of research in government policy. 
However, the genetic research which has exploited characteristics inherent in 
plants is not enough. Additional research is required to sustain the advances 
againstdiseases and to develop new genetic stocks suitalle to ithe ecological con
ditions and climates of the areas where they are to be grown. 

The lapid increases in production of grains made possible with the new vari
eties generated new problems. These require research in a number of physical 
and social sciences to realize the full potential of land and water resources, and 
also to overcome inhibiting economic, social and physical factors which lie be
tween producers and consumers for achieving an optimum developed agriculture. 
Important among these are water and soil management, land utilization, crop 
multiplication and diversification, storage, transport, credit, farm organizations, 
agri-businesses, marketing and trade systems imanagement and technique, re
search institutions and systems, trained manpower requirements and availability, 
infrastructural requirements, and training and -educational requirements. 

USAIDS are encouraged to sponsor sectoral studies for appraising research 
needs and-priorities among these factors as a means of advising governments on 
policy approaches Such appraisals will enable Missions to determine the most 
effective use of U S resources in assistance programs. 

Once research programs and goals are determined, research can'be made most 
effective through the use of inter-disciplinary teams composed of sufficient dis
ciplines to form a "eritical mass" of research talent In determining the degree 
of in-country institutional development for research, internal potential and effec
tiveness must ibe weighed against assistance that can be received from regional 
programs and institutions. These are proving to be effective and efficient in most 
areas of basic and applied research. 

5. EXTENSION 

Rccent Zuaceuser with ffTh-Yzelding Varrettes AIdicate that Extension can be 
Successfily Used wrth, Mrinumun Cost, Orgaization,andEfforts owe Adap
table Technology is .Avaiable to Extend; fowe-ver Tecitcal Assistance 
Ained at Development of Emtension tstitutions and Methodology, Wile 
Laying a Poundation, as Tot Been a Major 1actorin the Aohiecnent of 
Rico and Wheat Brcakthroughs 

An extension service is important, but it cannot be succesful without adequate 
technology to extend. Experience has demonstrated inadequacies in attempting 
to transfer agricultural technology from developed countries to LDO's of differ
ent climates, ecological conditions, and cultures without adequate adaptive re
search. The sudden successes 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 adequate new technology suitable for these areas Exten
ion programs have fallen short of desired goals because science had not given 

them enough to extend. Farmers 1ad not adopted the use of fertilizer on old va
rieties because of the 20 to 40% increase in yields was not sufficient to warrant 
the risk of loss of hivestment, -and more importantly the risk of loss of a sub
sistence crop. Yields of three to four times the amount of traditional agriculture 
have been shown to be necessary by recent experience with the new grains as 
incentive to bring about change. 

Experience has also demonstrated that once the technology is available and 
prices are right. the job of extension becomes minimal in terms of an organized 
government service A well selected and trained, small pervice with adequate 
transportation,_financial and material support for demonstrations can be effective 
with key farmers who -act as innovators. Other farmers will follow the exam
ples rapidly, once a worthwhile result is demonstrated. The rapidity of the spread 
has been swift with the new grains. The role of the private sector is important. 
Private enterprise through sales campaigns, credit programs (rural banks) and 
marketing and processes have also provided extension services which comple
ment government efforts. 

Single crop campaigns organized and planned by government, with private 
sector participation, giving attention to the complete package of requirements 
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have -proven effective where there was strong motivation and dedication. ade
quately developed infrastructure and resources, including irrigation facilities,
arable land, and available inputs. Sinigle crop campaigns have cut across agencies 
in what has-been-termed "organizedcooperation". 

Major attention must be given to assuring available supply of certified seeds 
and fertilizers. While it bas 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. Likewise, the private sector has proven to be mole efficient and effective 
in procurement, or manufacture, and distribution of fertilizers and insecticides 
than government programs to import and furnish these inputs, even at subsi
dized prices. 

Unless planners of crop campaigns can foresee and assure. the availability in, 
each farming area at the farm level of.needed fertilizers and other inputs at the 
exact time of the season needed, extension efforts will be useless 

-Likewise, availability of credit to,:pulchase the inputs is essential '"hile the 
recent successes have not demonstrated the role of formal credit institutions as 
a significant factor in all countries, the need for credit was well established. 
Credit from traditional sources of money lenders, individuals and' fallfies was 
available in most countries, and-from some formal credit institutions in some. The 
trailitlonal sources will increase as investment requirements expand for land 
and irrigation development and for use of more sophisticated technology. The 
improved efficiency of farming and increase in profits made possible by innova
tions-enable agriculture to become more competitive with other investment pos
sibilities for available credit. 

0. AGRICULTURE GOALS 

8elf-SugfiencUyinFooZ roduction is a Goal chit can be Realized more quickly 
Now, But New Considerations in Foreign Trade Redahonships, Domestic 
jarkclid , and Agrroultura4 Divcrsification Opportuuties Wara-nt Anal
y'sis Vi LDO's of New Targets and Goals 

The common agricultural goal of L-DO's is to aeach self-sufficiency in food 
production, focused on the main staple food crops. For most of the countries of 
Asia, 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 varieties 
and technology, reaching self-sufficiency is much easier than originally believed. 
In most situations, the margin of difference is smalL A 5% increase is sufficient 
to fillthe gap in many countries, considering that as little as 3% of world rice 
production reaches international markets, normally. A 10% increase can cause 
a surplus. 

There is the longer range requirement of keeping pace with population in
creases, which usually range from 2 to 3% annually in LDC's. The Green Revo
lution alleviated much of previous concern about potential of LDO's to solve 
their food deficit problems in the short run even with such population increases. 
However, the new thinking is based on assumptions of the existence of capability 
in countries to meet basic requirements for expanding internal markets. These 
requirements have been defined by economists as a need to increase per capita 
incomes and to achieve adequate distribttion of income for increasing purchas
ing power of the poor. Achieving these requirements will be dependent on 
transfer of labor from the farm to employment in the non-farm sector and on 
public policy. 

- Expansion of internal markets is necessary to sustain the rate of investments 
in technology by farmers which has been achieved with adoption of the high 
yielding grain varieties A continuous and responsive market that will provide
incentive prices for farmers is necessary. Prices of farm products must stabilize 
at adequately high levels to provide sufficient marginal return to farmers to 
warrant continued rates of investment in fertilizer and other inputs. Without 
these market conditions of favorable prices, technology would loqe its advantage.
Yet, the jconditions for expanding internal markets in LDCs of SEA are improv
ing very slowly, and in some cases they are not improving at all as population 
grows. 

Population growth in most of the SiA countries is diluting economic gains
and draining resources to sustain livelihood at low standards. Employment
levels 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 relief, overstaffing of public offices (as in Indonesia), and increases in partial 
employment and inefficient use of labor. These problems have added political 
sensitivities that are encouraging policies unfavorable to economie and agricul
tural development in some situations. Governments have had to use for social 
welfare programs such scarce resources that could be used for development of 
infrastructure and other programs which would contribute to economic growth. 

Furthermore, as pointed out by the Chairman of the Seminar in Honolulu, 
there are very substantial "leakages" in the market structure of IDO's of SEfA 
in the form of resources devoted to product markets during the labor transfer 
process. It takes more services to get a kilo of rice to a family in the urban 
area than to a family in the village. Consequently, the percent increase of rice 
entering market channels is larger than the percent increase of demand. Off
setting such leakage requires technical change. 

In countries with static employment and income levels, consumption patterns 
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, say -0.2, income elasticity also tends to be 
low, say +02. As per capita income increases, people reduce rice consumption 
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 implication, because it can be influenced through government im
port regulations and domestic agricultural production policies. In fact, 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 
strategy 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 should be examined to determine the price being paid by the government in 
terms of financial costs and possible loss of external markets for other products, 
creating an imbalance in trade with other countries. 
Productiom Alternatives for Emplotting Oomparative Advantages of Eack Agri

cr7tural .rea and of the Country 
Some deficit rice producing countries which aimed at exporting after reaching 

self-sufficiency have had to reassess their goals toward diversification of agri
culture to exploit any comparative advantages of agricultural areas and of the 
country for internal and export trade. Several non-traditional rice exporting 
countries of Jfast Asia aimed at export programs during the period of rice 
shortages and high prices. When they reached the stage of temporary domestic 
surpluses, many were disappointed at their inability to enter 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 standards on in
ternational markets. This may have been a lesson to some countries. 

The outlook for rice trade is predicted to worsen by increased competition
of wheat and increases in the supply of rice. Temporary commodity surpluses in 
LDO's in Asia is an experience that is likely to be repeated in the future. 

Therefore (without minimizing the need for continuing production targets 
of basic food grains), policy measures and distinct goals, based on careful 
sectoral studies and analysis, are needed. Countries must plan land and water 
resource utilization around the greatest comparative natural and economic ad
vantages afforded. This is true of production for domestic consumption as well 
as for exports. 

The high-yielding varieties of rice are suitable for -lands with rain-fedl and 
artificial irrigation. However, highest yields -are being obtained on lands with 
controlled.- artificial- irrigation, particularly during the dry season. These lands 
prepared with the appropriate methods offer the advantage of 2 to 3 crops per 
year in Southeast Asia, and a secondary crop of vegetables in between the rice 
crops. 

With this natural advantage, it is an economic axiom that commercial rice 
production will become concentrated 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 to have the greatest potential
comparative advantage among Asian countries because of its high level of 
availability of solar energy and controlled water. Research on genetic stocks 
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to development varieties most suitable for the varying conditions of each area can 
further exploit any comparative advantages whicIthe area may have over others. 

Theless productive areas for rice, particuarly hill rice without rain fed irriga
tion facilities, will either revert or remain a base for only a subsistence-crop, or 
will be replaced with dry-land crops more suitable-for these areas, such as some of 
the new: grain..sorghums, corn, and possibly wheat, for human consumption and 
livestock feed. However, research is needed to, bring about such improvements. 
. Brolileis .of .consumption. habits, infrastructural .development. (particularly 

processingand.storage),. and markets arise with the introduction of new crops. 
Nevertheles, these must be considered for continued development of the agri
cultiral economies of East Asia countries, The urgency for improving land 
Preparation techniques in order tosreduce the time between plantings in multiple 
cropping introduces the need for mechanization., Mechalization is also needed 
to' speed, up halvestig,. threshing, and drying for"this reason and because of 
weather.The intensification oftthe use of I'abor brought about by multiple crop
ilj.and use of fertilier and other innovations also introduces the needs for 

mechanization, particularly during peak periods. to prekent taste and improve 
efficiency o4 labor as countries become faced with labor shortages due to iidus
trializatioi and migration of people from, rural areas for other reasons.' Con
siderable research is underway at IRRI Aal .within private industry on mech
afiizntion of virious agricultural operations . -

Tree crops are important to achieve a balanced. agricilture, from the stand
point of export markets, land utilization, domestic employment and dispersion 
of population in some countries. Fruits, tea, coconut, oil palm, rubber, and others 
are examples. lor 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 continuedsuccessfil cultivation and marketing of products will depend to 
a. considerable degree on research to develop varieties with improved: yields and 
to iimprove quality of products that will remain competitive in international 
markets. 

ror export possibilities of fruits and vegetables, fresh arid processed,-the mar
kets of the metropolis of Asia aie expanding and Should be explored. One dis
cussant pointed out the great potential in Japan, whose markets are benefitting 
a number of Asian countries, but not enough. As another example, the Republic 
of China has recently begun producing mushrooms and asparagus for Japan and 
Europe. 

hrotein crops and livestock become potential products of an advancing agri
culture where effective demandi is increasing. Effective demand results from 
increases in per capita 'income which -require development of industries -and 
business to complement agricultural 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 policy considerations for establishment of defined targets 
including new processing and storage facilities, and market promotion. Some 
sociologists advocate increasing protein content of diets as country and tech
nical assistance goals. However, most economists, while recognizing the de
sirability of such.goals, take a more pragmatic approach of aiming at economic 
goals with improved diets as a resultant benefit. The development of effective 
demand by increasing incomes and the improvement of efficiency of production 
in order to lower prices are considered by economists as necessarygoals to 
improve diets and the standards of living. 

Some areas of Southeast Asia have a natural relative comparative advantage 
for livestocl.,production through grazing and through feeding local vegetation 
with- some grain waste supplements. This, potential is being exploited to some 
extent However, the scientific application of chemicals, such as urea, 'to carbo
hydrates abundantly available in certain areas has hardly been touched. 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 livestock industry, the animal produc
tion goal should concentrate on feeds, improvement of grasslands and develop
ment of management Attempts to upgrade local- village stock through impor
tation of exotic breeds has proven to be a waste of tline, unless .the basic food 
problem has first been solved. 
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The market and feed potential for poultry and swine is growing. in Asia more 
rapidly than for larger animals The potential for corn production and feeding
of small animal and poultry should be analyzed and included among country 
goals for development whereleasible. 

Devclopment antinprovementof Rual.tnfrastructrure 
Other second generation problems need attention in determining agilcultural

goals. The rapid surge of the "Green Revolution" has exploited ilfrastruoture, 
land and related capital that had required generations, and even -centuries to 
achieve in some countries Expansion and improvement of infrastructure will 
be required for significant increase in production of staple food crops in most 
countries in the future. 

The new grain varieties have already largely utilized developedL irrigated 
lands Further etpansion of these and: new crops needing irrigation will re
quire improvement of existing facilities, development of farmer orgamzations 
for operations and management, improvement of water management, construc
tion of new facilities to harness new resources, and development of ground 
water resources. 

In the order of priority, the Report on Phe 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 water. 

SEADAG discussions also underlined the need for attention to studying, and 
overcoming social and cultural problems, for developing farm organizations to 
manage and control 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 research scientists present pointed out that the unknown variable in re
search results of between 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 improvement weie 
emphasized as being of priority importance'for continued agricultural progress.

Among other important infrastructural problems that have been concommitant 
to or arisen as a result of the breakthroughs with grain are rural roads, trans
portation faeilities, processing, storage, and organizations and trained personnel 
to operate and manage new facilities. 

Further progress in agricultural development will require that all these factors 
receive appropriate study, planning, and regource alldcation in Staging agricul
tural development. In fact, the next major advan'ce in agriculture following the 
initial successes of the cereals breakthrough only can come from attention to all 
these factors, and will necessarily be slow. 

Attention to all the factors has been termed by some as the "package" ap
proach. Sueh planning is implied in the "single crop" campaigns. Others have 
felt that this type of program planning can best be achieved by the "systems"
approach of research, analysis, and retrieval using modern techniques and com
munications However, the -possibilities of wide application of such technique on 
a national scale in less developed countries is doubted by many. 
The By-passed Areas 
* Many less productive agricultural areas have been by-passe, by the G.een . 
Revolution for a number of reasons. Usually they have lacked the potentialf
because of poor soils, rough and billy upland, making cultivatiai difficult, lack 
of water resources, and level land suitable for irrigation, and remoteness, making
infrastructural development uneconomiii in terms of potential. Often they are 
inhabited by less advanced.eople engagedin primitive agriculture.

The roles -f such areas are questionable in a modern commercial agriculture.
flowever, some of the areas may be important for forestry for commercial use 
and conservation -to -protect more fertile lands and irrigation facilities in lower 
areas. Others of the areas may be important for livestock grazing. Then, there 
are areas in between whose potential may be marginal for existing use but 
greater for new crops, such as dry-land grains for livestock. If the lands are 
not .suitable for any sucb economic use and are still used for primitive sub 
sistence farming, more appropriate use of the labor might be found in more 
productive areas. 
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The question of dealing with by-passed areaswill depend on. the economic po
tential of such areas- as well as on the urgency of social considerations. This 
will requir&careful studying. 

In general, it has been the practice of most 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 ewcepticns 
where social an'd political factors outweigh these purely economic considerations 
for assistance donors; the Northeast of Thailand is one example.. 

T. A STATISTICAL BASE 

Accurate Crop Reporting and Forecastinq Arc Essential Adjunwts To Support 
Government Agricultural Polroies involving Marketing Activities, Price 
Support, StabilizationPrograms 

Accurate crop reporting and forecastiug become more important and critical 
as governments enter the market arena in price support and stabilization pro
grams. Furthermore, as agriculture changes from the traditional to modern, 
output and yields become more difficult to estimate an'd predict. It may have 
been easier in the traditional setinrg through experience to. determine produc
tion within a 5% range. However, with a changing agriculture, most countries 
lack 'the system and trained personnel to approximate this margin of a'ecuracy. 
The science of modern crom forecasting is practically, unknownin most countries. 

When governments- begin, dealing with farm. commodities, large sums of money 
are involved. Political considerations may impinge on objectivity. Decisions 
based on erroneous statistics, or on political influience can be- costly to govern
ments and disastrous to agricultural progress in a country. It is essential for 
sound plaming and development of a rational-agriculture economy that govern
ments develop scientific systems manned by statisticianus and economists and 
free from political influence for crop reportingend-forecasting. 

S. MANPOWER PLANNING, EDUCATION, AND TRAINING 

Manpower Planning and Specializng Educairon Are Essential for Agricultral 
Development, but Mass EducationHas Not Beea a Factorin Progress11Vth 
Introduction and Spread of High-Yielding Varieties 

Mass education of the rural population is not considered an essential factor in 
the agricultural progress made with new varieties. The successful adoption of 
new technology with the high-yielding grain varieties demonstrated clearly that 
illiterate farmers respond to economic incentives as well as literate farmers, and 
can and will learn introduced innovation when motivated. Furthermore, their 
rate of learning depended more on the degree of their motiration-not on their 
degree of literacy. The only distinction was that the first adopters-the inno
vators-were the more progressive farmers of the areas who probably had some 
degree of literacy and primary education. This may be, in fact, the only economic 
justification that has emerged for educating a portion of the farm population as 
a means of changing primitive agriculture-a selective education to primary and 
elementary levels of a few farmers in each area. 

On the other hand, as agriculture becomes more sophisticated and competition
is sharpened through commercialization, farm management becomes more com
plicated. While this increases the justification for some degree of education for 
part of the farmers, this alone would not justify mass education of the farm 
population. 

This argument on education does not apply to those government service men, 
management and technicians of private enterprises, and institutional trainers 
who must serve agriculture, introduce innovations, and perform training. Obvi
ously, education becomes important here, and the degree of education needed is 
determined by the degree of skills and expertise required Herein, education can 
be selective. 

In countries where successful break-tbroughs have been made, there was an 
educational base for the brek-through. It was necessary to supplement the edu
cation with specialized training, as was done at IRRI in training the "change
agents". For sustaining the break-through, in most countries it is found that 
there is a shortage of professionals and skilled technicians to carry on scientific 
research, to fill teaching positions, particularly in the graduate fields, and to 
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manage and operate new agricultural organizations and enterprises that are 
needed 'to complement the increases in 'production. New credit institutions, 
processing and storage industries, and marketing and-sales organizations re
quire -professional managers and technicians with basic education-and special
ized training. 

While it was recognized that the LD's are in short supply of profess.ional 
manpower, there is a great waste of existing manpower, both professional and 
nonprofessional. In the use of professional staffs this is due to lack of concen
tration and support for useful functioning of available professional Personnel, 
duplication of institutions and services nd lack of coordination. Back of these 
weaknesses are the lack of adequate personnel practices, salary incentives, and 
career management on the part of governments and educational and research 
institutio~s to gain the dedication and full attention.of personnel to their duties, 
In farming, inefficient use of labor on all operations is a factor impeding multiple 
cropping An many areas where the new varieties have been introduced, as men
tioned before. 

Improvements can be made throrigh careful manpower studies and' planning. 
appraisal and revamping civil service practices, and anal'sis and coordination of 
institutions and services, particularly the government services and educational 
and research institutions. The needs for technical assistance in this area are 
great. 

Discussion brought out the-need for more attention to the development of 
graduate educational institutions in the physical and'social sciences in South
east Asia, particularly for Ph.D. -candidates entering the field of scientific re
search and teaching. Too many Asians are reediving advanced scientific edn
cation in western countries and' are unable to relate to the environments, culture, 
and ecology of their countries. This does not mean that every country should 
or would be capable of spporting such advanced institutions Regional ap
proaches require greater attention in optimizing needed educational opportunities 
for specialized training. 

9. TRADE AND REGIONAL COOPERATIOfL 

Hef-Sufficiency in Rice ProductionBrings Trade Problems for SEA, Countries 
and Emphasize Need for DiversificationTo Capitalize on any Comparative 
Advantages and Market Opportunittes With.Asian Industrialand Metropoli
tanOutlets 

Trade policies and problems are increasingly important factors in-setting agri
cultural goals, and an awareness of these is necessary for advising on country
agriculture strategy. 

All countries of East Asia want to export and trade with each other but many 
of them, particularly those in Southeast Asia are relatively homogeneous. They 
lack sufficient complementarity necessary for much trade. The comparative ad
vantages of each are small. Countries have most to gain if they have differences. 
Thus, the less developed must look to the more developed, industrialized countries 
of the area to find significant differences The obvious appears; .Tapan, Taiwan, 
Singapore, Hong Kong, and to some extent Thailand. The trade relationships that 
exist here are for industrial goods from the Eastern metropolis with agricultural 
commodities from'the countries of Southeast Asia. 

Because of these relationships, the trade theorists hold out more hope for bi
lateral trade arrangements than for regional cooperative efforts for improving 
trade. 

. number of efforts have been made for -regional cooperation without much-A 

significant results. National interests and passive attitudes have dominated re
gional interests. Notable exception barebeen-the establishment of the Asian 
Development bank -and the TH.RI experience. However the latter was in the 

-' - ature of a private supported regional program which did not involve regional 
cooperation in research. The ADB offers a good example of what can be achieved 
when regional goals are specific. Most cooperative efforts which have failed have 
been proposed for the sake of cooperation without specific goals. Also, most have 
been on a government to government basis. There is need for greater cooperation 
through.the private sector. 

Trade policies can encourage or discourage private trade cooperative efforts. 
The tendency of LDO's is to use protectionism for fledgling industries. Such 
measures will discourage sound foreign investments, institutionalize inefficien

http:attention.of


eies, and discourage national production patterns. 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 'by economic benefits 
to the countries. 

Some of the more industrialized Eastern countries also have protectionist
trade policies which discourage trade. The view was expressed- that Southeast 
Asian agricultural countries .oflering markets for industrial products for Japan
and other -moredeveloped countries should seek to -strike a harder bargain with 
these countries and to demand greater reciprocity. They should demand outlets 
also for some of-thei-r processed as well as unprocessed agricultural products.
Agriculture of the Southeast Asian countries could progress more rapidly by
processing more of their own agricultural commodities-for industrial markets'like 
Japan. This is particularly true in foods, such as. fruits, vegetables, meats, and 
fish. 

The Southeast Asian agricultural countries have much to gain by liberaliz
ing their foreign investment policies to attract the capital, technical know-how,
and managerial skills from industrial countries, particularly Japan, which have 
potential markets for Asian products. Joint-venture arrangements, would he 
mutually beneficial. 

Bilateral agreements also are believed to offer greater hope in dealing with 
surplus problems than do regional agreements. Recent proposals through the 
Food and Agricultural Organization (FAQ) 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 financing surplusprograms and -thelack of 
facilities in any country to handle surplus stocks. 

Coucessional-agreements between an LDO and developed country have proven 
toroffer the best mechanism for -dealing with deficits as well as for providing 
a useful mechanism for helping to finance development. Such measures have 
been used for grain deficits, primarily, and to a limited extent, other products. 
They could be used more. There are certain disadvantages. One is that they 
put trade on a government to government basis which interferes with private 
trade. 

Recent rice surpluses in some countries of Southeast Asia have generated 
criticism from -traditional and new rice exporting countries against the U.S. 
for its concessional agreements with some deficit countries of the area which 
bring in U.S. rice. Some critics have proposed regional agreements to exclude 
U.S. rice. This wouldbe a futile and misdirected effort which is not focused on 
the economics of the question. It is true that U.S. rice through concessional 
agreements and private trade has accounted for as much as 65% of rice imports 
in the area during world shortages. But the U.S.'s share is rapidly decreasing 
with increases in production in deficit countries which the U.S. '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 T.S. 
Australia, and Canada will remain a competitive factor with -East Asian rice. 

During the world rice shortage, the price of rice was more than double that 
of wheat, which has been insurplus supply in the western-countries. This price 
differential caused Communist China to inport wheat and export rice. Such 
trade, the excellent cropsin rice from favorable weather in producing countries 
during 1968--1989,,and the new technology have alleviated the world-shortage of 
rice, lowering its price and bringing it more into equilibrium with wheat and 
other grains. 

The outlook for the future is for an increase in supplies of all grains, With 
the western countries expanding their surpluses under support programs, par
ticularly wheat and corn. Although these countries could' curtail production by 
changing price support-policies, this is not expected to happen, except for rice 
in the U S. to a limited extent where there has been some overproduction 
specifically aimed at concessional needs. The supply of rice is also expected to 
continue to increase faster than efective demand. Prices of all grains are likely 
to decline, causing the prices of rice, wheat, and other grains to become further 
equalized. 

Countries of East Asia can look to little prospect of improving their export 
position on rice. As deficit countries reach self-sufficiency. traditional markets 
in Asia are eliminated, and markets outside Asia shrink from competition with 
western production of rice and other grains. One traditional Asia market has 
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already been eliminated when Japan't changing -food consumption habits and 
-increased rice production changed it -from a price defteit -to surplus country. 
Japan exported 300,000 M11 T of rice in 1968 and is expected' to be able to reach 
1.5 million metric ton surplus if its support policies are continued. Some db
servers feel that Asian reaction against Japanese rice exporting may cause her 
to change its policies, Only South korea-and Communist China offer prospects
of continuing to-require rice imports However, as pointed out -above, the world 
supply situation in other grains and government policies can influence these 
markets. 

On the supply side in Asia, Thailand and Burma-are-exnjected to remain strong.
South Vietnam is expected to Pegain its export position. However, with smaller 
markets to share and with increased competition, the dargest current exporter,
Thailand, willprobably have to a-ednee its rice exports during the nextTew years. 

The quality of rice wil -bean increasingly important factor in rice trade. The 
new 'exporting countries are finding it necessairy to assure'establishment of inter
national standards to meet export requirements. This requires invedtmenr in 
improved milling equipment for new exporters. While -none is known to have 
invested in rice par-boiling equipment, such investment possibilities might be 
studied. 'So far, the U.S. and Italy are the principal suppliers of par-boiled rice 
in the export market. 

Par-boiled 'rice offers considerable quality advantaged. It reduces fuel con
sumption -forconsumers and resists insects and mildew becanuse of-its diied and 
hardened surface which is relatively non-hydroscoyic. 1%irthermore, par-toiling 
is said to'reduce-milhng dosses by as much as 7%, in addition'to preserving its 
vitamin B content by driving it into the Ikernel df -the rice from the skin, Var
boiled rice 'receives a price of about $1.50 per hundred pounds above regular 
nilled' rice 'of superior grade. 'Cereal grains other than rice hold out favorable 
trade prospects in EastAsia. ' 

Corn demands have been -increasing steadily, principally in Japan, but also in 
other Asian countries Taiwan-is -expanding its poultry and -swine production,
requiring importation of greater amounts of corn. The demand for this purposein 
India is also increasing. Consumption in most Asian countries will be growing 
for animal production. Corn production to meet -the demands 'has been increasing 
at a very ra'pid rate fin Thalland, first thfongh bi-lateral agreements between 
the two countries, and more recently through private trade channels which are 
more 'favorableto the country.

'Japan is making an effort to help increase corn production in Indonesia 
through technical assistance *andinvestments to 'meet its -expanding demands 
from Asian sources. Nevertheless. Japan must stillookfto the U.S. as its principal 
source of supply of corn, despite the disadvantageof greater distance with higher 
freight charges. The advantages to Japan of -U.S. corn are higher quality and 
assured Lavailability -throughgrain mark-eting exchanges. 

An important trade handicap'to East Asian-countries Is the lack of -a commodi
ties exchange -where commodities can be traded on a current and Tature basis. 
Such an eichange in Southeast Asia, when -feasible, would offer tremendous 
encouragement to trade. Until such is established, the countries cannot fully 
realizeithdir single'most important-comparative economic advantage over western 
countries for trading in Asia--theirlocation. 

Despite the relative homogeneity in agriculture-of 'the countries of Southeast 
Asia, comparative advantages-can'befound for certain crops and-products among 
them for 'tiade 'with each other -in competing with 'the West. They all have a 
climatic advantage over temperate western climates. According to views of 
some economists, as expressed -at the Seminar, this advantage, which will permit
2 to 3 crops -peryear, and the lower standard -of living of the Asian farmer, -may
tip the scales -forthe East in competing. viththeeextensiv6 techniques of single 
crop, temperate-western cofitries in the cultivation of new high-yielding varie
ties ot nee and some other grains -for export trade. Not all -participants shared 
this view. 

The criticalcomparative advantage in rice production among the countries of 
Southeast Asia will go to those countries having the suitable arable land and 
develoned irrigation facilities, which will permit the 2 to 3 crops per year. ac
cording -to their abilities to adopt the improved technology to fully utilize the 
land to attain these crop potentials. 
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10. OTIER SOOIAL, FOLTICAL, AND ECONOMIC IMPLICATIONS 

The "Green Revolution" Atrousos PoZiticalConscienceof Rural People,Threaten
ing Pouer Balances i. Many Instances, aqd Raising Questions About Pat
torns of Wew Socio-Economro Relationslips in the Rural Service 

Introduction of the new grain varieties have brought changes in behavior pat
terns and have aroused a political conscience. Mbobility of rural people is increas
ing. Contractual relationships are developing and entiepreneurships are emerging. 

Changing the peasant farmer is introclucing a number of social and political 
implications. Expectations are increasing; felt needs are greater; and improve
ments in public services are being demanded of government. An aroused political 
conscience is causing peasant farmers to be more vocal in their demands. This 
awakening can lead to serious disturbances and even blood shed, as has been 
demonstrated in the Pakistan case. The development of a political conscience 
among farmers can mean the change of the political power a base from the 
urban to rural areas, or at least the enlargement of the latter at this stage of 
development. Such implications can have far-reaching effects on governments 
and countries of Asia. Attention must be given to political development along
with economic development. Training of leadership is necessary to provide con
structive direction to and organization of disenchanted rural people. 

While economic progress may lead to rural disturbances and violence, the 
potential benefits accruing to thn mass of underfed, underprivileged, and 
impoverished rural -people of Asia from. the inftoduction of scientific advance
ment outweigh the adversity of such. social upheaval, according to judgement of 
developmental scientists at the New York Seminar. The feeling was that at least 
the people wilibe fed 

A new environmental is -being created, favorable for restructuling the rural 
economy, by'the changestaking place-with the introductiontof high yielding cereal 
varieties. Farmers brought into the commercial market place and 'faced with 
new economic forces of sales organizations and made into entrepreneurs, soon 
see the need for cooperation with each other. It becomes evident to them that 
through organized effort a bargaining power can be created to deal with these 
new 'forces. Thus, the appropriate -environment for cooperation paves the way 
for successful establishment and operation of farmer cooperatives and organiza
trons in areas where past attempts by governments and institutions have failed. 

For economic developmental strategies, it was felt imperative that attention 
be given to individual incomes and standards of living. Priority must be given 
to creating favorable environment foi growth of Drivate industries, and to de
velopmental projects -that will increase employment and help improve per capita 
incomes It is necessary to institute laws and-adopt policy measures (such as 
income taxes and welfare programs) that will reduce disparities in incomes. Such 
measures must be accompanied by programs to curb population, or else, resources 
cannot be effectively accumulated and used for economic development. 

Most observers felt that the Green Revolution had demonstrated that com
mnunity development and -self-help programs- bad not contributed significantly 
to the progress made Some felt -theseprograms may have been, in fact, counter
productive. This argument -was based on evidence that innovation has resulted 
from outside economic. forces that have drawn the farmers- from out of their 
traditional trap and brought them into contact with the outside world through 
the mruket place Once drawn into this contact through economic incentives, they 
Are influenced by what the outside world has to offer in .innovative ideas,-mate
rials, and mode of life The peasant farmer becomes an economic man and his 
"felt needs" increase. 

In contrast community development programs have not stressed the tradi
tional farmer as an economic man. They have aimed at improving his physical 
and health environment through providing- him with tools and materials that 
require more output fiom him without increasing his production and income. 
Thus, the programs have been counter-productive to agriculture through diver
sion of labor to projects that ao not add to improvement of agricultural produc
tivity. 

In a similar manner, self-help projects have aimed at generating from within 
efforts for community improvement. In these efforts, despite -hopes otherwise, 
the villager could not find a personal relationship or benefit. The villager's life 
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of Asia is based on personal relationships. Also, he looks to outside forces, his 
government, for attention and assistance, and is flattered by this attention, and 
affected by it. Furthermore, such self-help projects are also competitive for the 
villager's labor with production projects that generate income In kind or money. 

1i. SuMMARY or SOME 2AJOR POINTS FOR FUTURE WORK TOWARD AGRIOUIlURAL 
DEVELOPMENT 

The Entire Spectrum of PossibilitieS Opened by BreakthroughsNeed Ewplozta
tion, FurtherResearch and Development, and Attention to Problenw Raised 
in Order to Realize Ful Agricultural Potential 

Some major points for future work to accelerate agricultural progress toward 
realization of full potentials are summarized as follows: 

a. diffusion of technology, especially to small farms who have been slow.adopt
ers, should be accelerated; 

b. utilization of existing technology through adaptive research is needed to 
open.new opportunities for infrastructure, ie., land and water management and 
batter uses for marginal lands (marginal for rice cultivation) ; 

c. research on,methods of land, preparation and multiple cropping to combine 
with the new varieties is an important next-step in follow-up on' the'successfal 
introduction of.tbe new varieties; 

d research and,development for water managementin-the tropics, with agro
nomic input in irrigation projects, and water control in tropics, especially 
control of excess water, are alsotipportant factors toincorporate in agricultural 
programs and goals; 

e. expansion of development and improvement of infrastructure, especially 
irrigation, transportation-and marketing (processing, storage,,and selling,) will 
be required' to further expand' agricultural potential in most eointries where 
adoption of the 1igh-yielding -varieties have -already exploited the-best lands and 
developed areas; 

f. development arid use of alteinative crops 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 use 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 planning, and implementation in government and private sector will'be 
essential to fully develop agriculture and industries of LDC's: 

h. successful adoption by farmers of new technology and a rationalization 
of.a country's.agricultural economy require adoption of support and -stabilisation 
policies that will permit favorable prices to producers and distributors to assure 
introduction and use of technology that can result in greater efficiency, thus pav
ing the way for lower consumer food prices and permitting 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 requires examination of 
policies of "price economies" and self-sufficiency goals;

j. the successes with-thernew grains by a number of countries and' future out
look call for attention to trade problems arising from increased supplies (staple 
foods), and development of 'bilateral arrangements and adjustment to internal' 
goals that will assure full exploitation of an of the country's possible compara
tive natural and economic advantages. 
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-the University of Chile. HIe also has done extensive field work in agricultural 
economies including service as FAO regional officer for Latin America (1960
1911) and as director, Research Program in Land Tenure and Agrarian Reform, 
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of Public and International Affairs and the minister-director of the U.S. AID 
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tion he became a staff nid with the Council of Economic Advisors but returned 
to teaching at the University of Indiana in 1953. From 1961 to 1983 he was chair
man of the Department of Business Economics and Public Policy in Indiana's 
Graduate School of Business He was appointed a member of the Council of 
Economic Advisors by President Kennedy in early 19083 and served until the 
fall of 100 when he undertook director of the AID program in India lie served 
there until earlier this year when he was named to his present position. Author 
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member of the International voluntary Service (IVS), Dr Mellor is the author 
of The BconomWic of AgriculturalDevelopment (1966) and co-author of Dcvelop
ingRural India (1068). 

Arthur T. Moaler, president of the Agricultural Development Council of New 
York City, has been active in rural technical assistance since 1933. From that 
year until 1953 he was closely connected with the Allahabad Agricultural In
stitute in India, engaging in a number of experimental programs of extension 
methods. From 1953 to 1955, Dr. Mosher was visiting research professor of eco
nomic development and cultural change at the University of Chicago, from which 
he received a Ph, D, in 1946. At Cornell University from 1955.to 1957 as director 
of a seminar on comparative oxtension education, Dr. Xosher was appointed
executive director of the Agricultural Development Council in 1957 and became 
president of the Council in 1967. The author of several books, the most recent 
being Getting Ag0 iculture Moving (1966), he has written numerous articles on 
problems of agricultural development and served for .several years as chairman 
of the Research Advisory Committee of AID. 

William 0. Paddock is a consultant to private firms involved in tropical agri
culture and co-author (with his brother, Paul) of two widely-read books on 
world food problems, Hungry Nations (1964) and Famine 1975! (1967). After re 
ceiving his Ph. D. in plant physiology and breeding from Cornell University in 
1950, he taught at Pennsylvania State University (.950-1953) and Iowa State 
College (1953-1955). From 1955 to 1057 he was agronomist with the Interna
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was director and trustee of Escuela Agricola Panamericana, Honduras. From 
19062 to 1065 Dr. Paddock was head of Latin American affairs for the National 
Academy of Sciences. Since that time he has devoted himself to his consultant 
work 'and writing. At present he is working on 'a book on "what makes an effee
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APPENDIX II-"A FUTURE FOR RAM" 

(Read before showing the film) 

Ritm (rhymes with 'Trom") eldest son of Gopill, lives in a Hindu farming 
village on 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 enough food to feed his family with a little 
left over to sell in the marketplace. 

The highly successful Indian agricultural development program is available 
to the peasant farmers of Ram's village, and many of the farmers have already 
benefited from it. Maybe Ram's family will too. 

As you watch this film, you will learn something of the aspirations and some
thing of the frustrations of one farm family in the underdeveloped world. 

(Script of motion picture) 

A YTruRE Yon RAM 

My name is Lakshmi. At least that's what I was called until my son was'born. 
Then Ibecame known as "'Mother of Ram." This is bow I will be known for the 
rest-of life. I was proudtobave a son. 

2Iill live out my whole life here on the Ganges Plain inNorthIndia. 
Most of my life will be spent in and around this house here in my husband's 

village. 
Once in a while I will return to my parent's village for a visit. But I am satis

fled here. 
I have a good husband. His name is GopaL He is a hard worker. We share a 

little land with my husband'sbrother. Gopal and I have enough for ourselves and 
our three children. Ram is our eldest child. He is iit third grade in school. The 
barber thinks his hair is a bit unruly. So do I. He studies hard in school. I hope 
he will go far in life. 

Shanti is the middle child. She is old enough for first grade, but she doesn't 
go to school. Somone has to take care of the baby. And besides, there isn't much 
reason for a girl to learn how to 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 already 
lost two babies. One died when he was born. The other died when he was two. 

Shanti and the baby keep each other company much of the day. They play at 
home and they wander about the village observing the daily activities. Many 
things happen at the pond. 

'The washermen stand in the water and swihg the wet clothes up over their 
heads 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 someone has to get him out. 
This takes alot of time. 

The washermen chant as they work so the washing 'area is often,a noisy place 
The potter seems to be able to produce an endless array of cups, dishes,- and 

what not from the lump of clay on his potter's wheel. He will make this clay 
into one of the large pots I use for carrying water on my head. 

He lives near us and sometimes he gives Shanti a bit of his clay so she can 
make toys. She likes to pretend she has a stove just like mother. 

Like most Indian women, I use cow dung in my stove. It's a smokey stove. 
but the smoke keeps away the mosquitoes 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 are simple. I have to grind 
grain for our Indian bread, mix the flour, and I cook the vegetables when we 
have them. I wash the rice before I put 'it on the fire to boilt All this takes a 
lot of time 

(168) 



164
 

We usually raise enough to eat, but we have little left over to sell. 
While I am preparing supper Shanti watches the baby. Ram does is school. 

work. 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 myself. 
After Shanti and I eat, and. while I'm cleaning up the dishes Gopal amuses 

the baby.
Ram likes to play teacher with Shanti. ffis.teacher says he would make a 

good teacher 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 future of tam. I want him to get a good 

education." 
Gopal said, "We are sending him to the primary schpol. He is getting a good 

education there. He will learn how to read." 
But I argued that I wanted Ram to go to, Junior High School where lie can 

learn more. 
Gopal said that Junior High School is yery expensive. He didn't see how we 

can affora it. In Juior High Schopl the students have to buy expensive books. 
And the tuition. "No," he said, "We could never afford it. Only wealthy people, 
like the big landholders, can afford Junior High School for their sons" 

I pleaded with him "Qouldn't we get more money somehow?" 
That made 'him angry. "Mqt4er gf Itam," he said, "Already I'm working as 

hard as I can. I till the fields with my brother. And when there is no farm work to 
do, I join the men who-make.cigarettes." 

He was very stern with me. He said, "You know that if I work hard all day long 
making cigarettes, I can earn eniught to buy elothes, spices, and the tuition for 
sending Ram to primary school. But Junior High School, I'm afraid, is out of 
tlyp question." 

Well I was persistant. I told him I had heard that there are ways to grow more 
food on the -lnd that W already have. I reminded him that the price of wheat 
is high. So is the price of rice. If we could only raise enough to sell some in -addi
tion to what we t41. 

Gopal remembered a meeting he has been to and said, "Perhaps we could." 
At.tbe meeting he bad heard.the government farm advisor talking about growing 
more foql. Thq ftrn i4visor had saidtlat you, need to use 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 fromthe 
wgya that have served our ancestorsiso well for.so many generations. 

There are so many things to do in.ourtraditionql way of living. I have to gather 
up the cow dung and make it into pattieq for cooking. I have to millk the cow, 
help with tnte harvest-and it seems like im. always ,getting water from the 
pold or the well. 

As ! go about my dpily chores now, I often think about that evening after sup
per-when,my husband decided to look into the idea of the npw-seed and the com
mercial fertilizer. He talked to his brother that very night. His brother said it 
would be all right provided my husband paid for thp fertilier gpd the new seed. 

My husband then talked to so many people. He talked to the shephgdd next 
door. HEe consulted the oldest member of our caste in the village and t1i ey talked 
together for hours. 

He talked to the carpenter. The carpenter doesn't even have any land: but my 
husband wa4ted to find out everything anyone thought abbut the new seed and 
fertilizer. I 

Finally he went to the president of the villqge. The president has lots of land 
and uses fertilizer anilnew seed. 

The-prpsident said the fertilizer andnew seed would cost a lot of money-more 
than we bad. But, the lresident said. Gopal would, be able to get a .government 
loan. First le yould have to. get i^ centificate from the Land Clerk showing that 
he owned honOi. -, 

Gopal rode'his ipycip to the Land lerk'p house 7 miles away. Up talked to 
the land .cerk abqut getting a land-certfiet9. The land clerk said Gopal would 
baive 4o,-game hael tomorrpw. Tody.thp clerkchuidn't work on te certificate 
because be-was going to the disfrict qflice, Gopaj was.disappointd: 

Gopal tried three different days to get-the clerk to make out the land certificate. 
The clerk was always too busy. Then a friend told.bim how to get the certificate. 
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The next time he went to the Land Clark's house he gave the clerk some money. 
The clerk filled out the land certificate at once. At last we were getting some
where! 

The next day 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 a 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. Gopa,'s brother and a neighbor agreed to co-sign. 

The next week they went to the Development 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 application, the Assistant Development Officer told Gopal to come 
back in a couple of weeks to see it it had been approved. 

The application was approved and the assistant development officer told him 
that the next step 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. 

Gopal'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 official showed up 'and 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 land 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 fields. But the official said there were still no supplies. 

He told Gopal, "Try again in a couple of weeks." 
Now Gopal had 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 
be rolled cigarettes. But when he stopped by the Seed Store again, there was 
still no 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 bmd arrived. 

By this time the crop was practically full grown. Now fertilizer would do no 
good. The -rop was too mature. 

He had to decide Should he go to the seed stoe and pick up the seed and 
fertilizer and have it on hand for the next season? If he did that, next season's 
crop would be better, perhaps, but unfortunately, he would have to pay off his 
government loan on the materials at the end of this harvest season. 

Harvest wasn't far Off. We ebuld pay off the loan by selling some bf this season's 
harvest. But then we would be short of food before the next harvest came. 
Gophl had. worked so hard on the loan. application he lost many days wages 
which he would have had if he had been making eigarettes. Therefore we had 
less cash on hand than usual at this time of year. 

If Gopal wete to pay for next year's fertilizer and seed with part of this year's 
harvest, he would have to go to the village moneylender before the next harvest 
season to get money to buy food. Gopal has never had to go to the village money
lender before. The moneylender's-interest rate is very high. 

He thought that perhaps he should refuse the seed and fertilizer he had worked 
so hard to get. Then there would be no Joan to pay off. 

Gopal decided to get the seed and fertilizer. 
We harvested the grain. It was a good ciop. Perhaps it Would have been much 

more if Gopal had been able to use the new seed and fertilizer. 
As I was winnowing the grain, getting it ready to take to market, I won

dered if I had been wrong in pushing Gopal to try to grow more ftood. I don't 
want Gopal to be in debt to the moneylendur. Once he counts out the money to 
you, you may be under his thumb for a long time. 

But taybe we will be successful. Maybe next year's crop will be very good. 
Maybe we can bse the new seed and feftili2er every year in the future; if we can 
only get started. Maybe we will be able to send Ram to Junior High School, I 
would be so happy. Perhaps then there will be a better future for Ram. 



APPENDIX IV-RESOURCE MATERIAL 

HIGH YIELDING VARiETTEs or GRATN 

(By Dana G. Dalrymple) 

'(Taken from' Technological Ohange in Agriculture: Eifects and Implications 
for Developing Nations. ForeignAgriculturalService, I.S. Department of Agri
alliture (in cooperationwith Agency for internationaDovelopment)April 1969, 

pp. 35--47. Footnotes and reference8 are omnitted, here but are included in the 
originalreport.) 

During the late 1960's a great deal of public 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 bf the public statements have been over
done (e.g. "miracle seeds"), the new varieties have indeed brought about signifi
cant changes in agriculture. 

A. BACKGROUND OF NEW VARMES s 

Breeding for imfrovedvarieties of grains has been underway for many years 
in the developed world, but it is only since WW II that significant progress has 
been madain more than a handful of the less developednations. 

1. Foufation-sponsoredresearch 
National breeding efforts received a significant boost with the establishment 

of the Agricultural Program of the Rockefeller Foundation in Mexico in 1943. 
E'mphasis was placed'on developing.improved-varieties of corn-and wheat as well 
as vegetables. Extension of the Mexican work subsequently led to the-establish
mentrof other-programs inSouth America and -Indid, and eventually to an Inter
national Wheat Program. The Central American corn project, established in 
1954, grew into an International' Corn Program. In 1966, the two programs were 
merged with the formal establishment of the International Maize and Wheat 
Improvement Center (CIMM.YT-Centro Internacional' de Mejoramliento de 
Maiz myTrigo) in Chapingo, Mexico. The Center, now jointly financed by the 
Rockefeller and Ford Foundations; presently has programs underway throughout 
the world.. 
* Foundation interests in rice date back to 1952 when Rockefeller sent a'prelim
inary study team to the Far East It was subsequently decided that Rockefeller 
and the Fdrd-Foundations would join forces to establish an International Rice 
Research Institute (IRRI) -in the Philippines& The Institute was organized in 
1960 and dedicated in 1962. Starting in 1965, scientists employed by the Institute 
and theFoundations were stationed at key research centers in other countries; 
they-bave7 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 kre closely intertwined with nationalprograms. (AID'has contributed 
funds to both centers 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 varietr .to. 1ocal-conditioiis done at the natibnal 
level. Not all -the-new'grain varieties bave been developed under this-cooperative 
progirain, but .a surprising number tie in in some way-through parent stocks, 
training of researchers, etc. Accelerated breeding programs are now underway 
at many points throughout the less'developed -world. 

.Spread-of new vareties -
There has-been a sharp expansion in- the area planted to improved-varieties of 

grains in the less developed nations within just the last few years. Most of the 
increase 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. Essentially all of the area reported planted to wheat and 
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rice is in Asia (primarily in India and Pakistan), but shipments of improved 
seeds have been made to -many regions. 

In India and Palistan, plantings of improved varieties of corn and other grains 
expanded as follows: 

tin acres] 

Crop year Corn Others 1 

19E5-6 --- 563.000 38. 0005-----------0-----------------
1974-8--- --- 1,01,000 2,519,000
198-69(goal)2-_ (3-- 0----------------------------------(5,000,m)- 0000O) 

1Grai sorghum spiked millet, and barley; almost entirely in India. 
2Considerable shortfall expected because of dry-weather 

In some countries, plantings of the improved varieties represent only a small 
proportion of the total planted to that crop. In others it is beginning to reach an 
appreciable proportion: around 20% in the case of wheat in India and Pakistan 
in 1968- In any case, there-has been a striking-possibly unpraTalleled-increase 
in the area planted to new varieties. 

B. NATURE OF TECHNIGAL CHANGES 

The use of the new varieties entails substantial changes in the agricultural 
functions involved and the technical base needed. 

1. Functions invoved 
The main functional changes involved center-around production, haresting,

and marketing. Improved varieties of grains require a "packago" of inputs if 
they are to attain their maximum production potential. While any variety will 
Irespond to inputs such as fertilizer and water, they will-do so only up to a point, 
land then diminishing returns set in. The new varieties have a much higher re
sponse threshold. 

This is most easily seen with respect to fertilizer. Unimproved native varieties 
'have only a limited Tesponse to fertilizer in terms of yield: much of the added 
growth goes into the stalk, which, as it becomes taller, is-iore~apt-to lodge (bend 
or break) On the other band, the high-yielding varieties have semi-dwarf chara
teristics: as fertilizer is added, the response is in terms of grain yield, not stalk 
growth. Furthermdre, the partly-dwa'rfed varieties have a stiffer stalk. Thus the 
point of diminishing returns becomes much higher for fertilizer. 

TABLE 2-ESTMATED AREA PLANTED TO NEW HIGH-YIELDING VARIETIES OF WHEAT AND
 
RICE Il THELESS-DEVELOPED-fNATFONS
 

[in acres (rounded)] 

Crop year Wheat I Rice 2 Total 

1964-65....... __) (----------------------(3) (3)
19556-------....... -------- 23,000 14,000 37,000
1966-67-------- -------------------------- 1,554,000 2,343,000 3,897,000
1967-68 -------- -------------------------------- 9,55,000 6 062,000 16 420,000
l968-69(goal).....--------------------------------- (0(14,750,000) (12.300,000) (27,050,000) 

1Essentially all Mexican or Mexican-type varieties. Excludes Mexico(where an average of 1,850,000 acres was planted to 
improved varieties duringthe 1960-64 period)

I Primarily International Rice.Research Institute varieties (1P4,1.R-5), but. also includes substantial quantity of 
(1) ADT-27 and Taichung(native) I inIndia, and(2) BPI-76 in Philippines. Does not include area planted to longstanding
improved local varieties inCeylon and Talwan. 

3 Negligible.I Plus an unestimated quantity.of improved wheat in Nepal.
 
Source: Dana G.Dalrymple, "Imports and Plantings of High-Yielding Varietiesof Wheat and Rice inthe Less-Developed


Nations," International Agricultural DevelopmentService, Dec 17, 1958, 18 pages, as updated for India and Alghanistan.
(The reference to wheat acreage in Mexico in footnote I was obtained from figures compiled by Reed Hartford of the 
Economic Research Service.) 

The same is true of water. Consequently, most of the new varieties of wheat 
and rice are grown on irrigated land. Recently, however, a new drylaud wheat 
variety 'has been developed (the -wheat still requires water but can be planted 
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earlier and matures before the summer dry weather sets in). It, too, requires a 
package of inputs, including increased fertilization for maximum payoff. 

Other inputs required include deeper plowing, drill or -straight row planting 
(wheat), improved insect and disease control, more attention to weeding, better 
management, etc. 

Even without adequate inputs, the new varieties generally slightly outyield 
native stock. It is reported that the new dryland wheat, for instance, will by 
itself increase yields 15 to 25% over older varieties. But if no provision is to 
be made for increased inputs for most of the new varieties, it may not be worth 
bothering with them. Thus the adoption of new varieties almost always goes hand 
in band with the adoption of new cultural practices and new inputs. 

Use of new production technologies also leads to a need for-changes in harvest
ing and marketing. The new varieties, especially rice, are'quicker matining than 
native varieties. This means an earlier harvesting period; in the case of rice 
this, can come during the wet season, which in turn steps up the need for im
proved drying equipment. Also the increase in yields can overwhelm existing 
harvesting and marketing techniques, creating a need for further changes. 

2. IV'eed for teoheicaZ base 
The preceding changes in functions must, to be carried out effectively, be 

built on a sound technical base. First, the seeds themselves must be available 
and of proper quality. High quality seed multiplication requires exacting techni
cal and ethical standards. These are often difficult to meet under the condi
tions that exist in the less developed nations. Second, manufactured inputs must 
be available for production purposes. These include: (1) inputg for direct use 
such as fertilizer, insecticides and pesticides; and (2) inputs for the manufac
ture or application of the previous items (electricity or gasoline engines may, 
for instance, be needed to drive the water pumps for irrigation). Thirdly, manu
factured inputs may be necessary for harvesting,.dryihg, and storAge of grains. 
In addition, improved, communications and transportation 'may be essential. 
Thus, a fairly elaborate technical-base-both in terms of knowledge and physical 
inputs-is necessary to capitalize on the new varieties. 

C, ADOPTION PROoESS FOR NEW VARIETIES 

As with other technologies the adoption of new varieties ias moved unevenly. 
Here we-shall consider some of the major characteristics of the process 
1. 	 Fuotors injiuencing eate of adoption 

The early adopters of the new varieties tend, as might be expected, to be bet
ter-than-average farmers They are calso usually the larger farmers. In Mexico, 
for instance, wheat was most quickly adopted by the large, irrigated holdings 
of the comniercially-oriented wheat farmers. This is not, however, always the 
case: in Kenya in 1967 about two thirds of the 800,000 acres planted to corn was 
in the lands of small farms, while in Turkey the 420,000 acres planted 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 farnand region involved. With respect to the grains, Mexican progress 
in wheat has not been matched by progress in corn; Indian progress in wheat has 
not yet been matched by progress in rice. Similarly, adoption has moved faster in 
some regions thab-others. 

Barker has identified nine fadtors which he feels have influenced the rate of 
adoption of new rice varieties: 

Water control 
Insect and disease-problems 
Availaility of complementary inputs, (seed, fertilizer, labor, credit, etc.), 
Quality of farm management 
Farm institutionalstructure 
Relative advantage of new over existing varieties 
Acceptability of the quality of the new grain 
Availability of marketing resources 
Government institutional structure, pricing policy, and initiative 

Water control is needed because the new shorter stemmed varieties cannot 
survive under flooded 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 crop grown under intensive high-inppt conditions; moreover, 
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some of the varieties (particularly IR-S) may not have as much natural resist
ance as local varieties. 

In some regions where the new varieties have been grown successfully for 
several years, the problems may take on a different complexion. Such is the case 
in the T.laniavur area of Madras state in India. There the expansion in the use 
of the new varieties may have hit a plateau because 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 city), uncertainty over 
land-tenure, and problems in making impiovements on rented land. Variations-of 
sbme of these problems may influence the rate of adoption elsewhere. 

2. Role of government in adoption 
The major role in the spread of the new varieties has been played by the na

tional governments, of the LDC's in cooperation with lIRRI, CIMMYT, and/or 
the Agency for International Development (AID). 

National political leaders have taken a particular interest in the variety 
programs: 

Afghanistan.-Former Prime Minister Maiwandal was so impressed with the 
production potential of the Mexican wheats and with the urgent need to arrest 
Afghanistan's growing dependence on imported wheat that he assessed each of 
the Ministeries 2.5% of its current year's development budget to create a fund 
to 1aunch an accelerated wheatzproduction program. 

India.-C. Subramaniam, former Food and Agriculture Minister, tool ad
vantage of the food crisis to mobilize support for and, launch the. accelerated 
food-productioh effort responsible for much of India's gains. 

Turkey.-Prime Minister Deimirel feels stiongly enough about the crash pro
gram in wybeat production, initiated at his behest less than two years ago, to hare 
it dikected and monitored from his office, 

Vigorous support has also been provided by President Alitcob in the Philippines 
and Prime Minister Senansyake in Ceylon. 

T'he motivation for such support may not be entirely altruistic. In addition to 
obvious economic and soeial advantages to increased production, some political 
leaders see them as a path to re-election. At least such seems to be the case for 
President Marcos and Prime Minister Senanayake. 

Government support has come at many levels-from exhortations to increased 
supplies of technical inputs, But because the new varieties require a "package" 
of inputs, the programs generally tend to be comprehensive in nature. This means 
accompanying the seeds with: increased quantities of inputs duch as fertilizer, 
broadscale educational efforts, attention to igcreasing credit supplies, estab
lishment of-demonstration 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 aild AID. Such was the case for rice in the Philippines, Vietnam, 
and Laos, and for wheat in Turkey. rn the Ehilippings, among other activities. 
AID developed -a do-it-yourself rice kit wliidh has -proved very popular. AID 
has also been connected with new variety introduction In other nations 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 beeniiiclathe saine: 

The government has exerted great efforts to induce the Burmese farmer to 
expand IR-8 production. It has lauded the qualities of IR-8, oftered the farmer 
important 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 
range of activities since 19I7. Other nations may find 'it all qtoo easy to let things 
slide. 
3 Permanencyof adoption 

The adoption of new varieties -is not a permanent thing. Growers may try a 
specific variety for a year or so and then decide to drop it with no particular 
.capital losp.

IRsaonA for dropping, 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; another 10Mto 15% -related to-the added 
labor involved. A Burmese village reduced acreage because of the spoor demand 
on both the free and black markets 

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 possible that some of the growers may adopt subsequently 
improved varieties. 

Thus for any one grower, use of new varieties does not represent a locked 
in technology, but one where there is, or is likely ot be, a continual state of 
flux. 

D, II.PAOT OF THE NEW VAUIETIES 

The effects of the new variety package of technology are multifold. Some 
are-quite appfrent.Already; others are just beginning-to emerge. Here we-shall 
concentrate on the economic and social/political effects at the farm level. 

1. Economicinpact 
Economic effects of the new varieties center about their effect on production 

and their consequent influence on financial returns. 

(a) -A.gricalturabotput-
The new varieties have had both qualitative impacts on output and have also 

influenced croppingpatterns. 
(-1-) Qiuantitafwe effect.-The increase in yields accruing from the use of 

new 'varieties is quite -rariable. It is one thing to talk about yields attained under 
experimental conditions or by top growers, and quite another to talk about 
average 'increases actually attained by ordinary growers (who may not fully 
follow recommendations). On the whole yield increases associated with the new 
variety package have probably averaged 50 to 100% if the comparison is drawn 
with conventional cultivation in the better growing areas. In other instances, of 
course, the increases may be quite-different (and they might vary between wheat 
and rice). 

Not all arable land is planted to the new varieties. In 1967/68, new varieties 
accounted for about (a) 6% of the area planted to rice in South and. Sonth
east Asia and (b) about 16% of the area planted to wheatin South and West Asia. 
The proportions in individual nations varied widely. Just what percentage will 
be reached over the-next few years will depend on-a number of conditions, Since 
most of the varieties to date (except for the new dryland wheat developed in,Leb
anon) are grown to best advantage under irrigation, -the area of irrigated land 
available will set an upper limit. The actual figure might well be less than this 
due to other cultural influences, as well as economic and social factors., On the 
other hand, the new yarieties which have a shorter growing season will increas
ingly make double cropping possible. 

Analyses carried 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 
cast in terms of the factors contributing to the record increase in production 
in 1968 (1967/68 for rice) over 1967. Their relative influence was estimated to 
be as follows: 

- [In perc'entj 

I West 
- India, Pakistan 

Higdi-yielding varieties including fertilrzer and irrigation --- -.--- .--- . 30 3* A54 
Increased fertiliiation and irrigatioi of local varieties ---------------------------- 28:2 7.5 
Expansion of area ----------------------------------- ------ ------ 6.2 30,0 
Weather(other)----. -- -4 ---.- --------- 35 3 47,1 

- Tal. ----------------- -- ........----- 100.0 10A
 

It is not clear-what portion of the- expansion 'of area, if any, was due to the 
new varieties. 

More generally, it has been estimated that during the 1968/69 crop year im
proved, varieties may hava increased rice output 'about 7% And- *heat output 
20'oa in the Asian area, compared ito what production would hIve'been withbit 
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them. As the area planted to new tarieties expands they will, of course, play 
a greater role in increasing production. 

(2) Qualitative effect-In terms of demand, the new varieties of grains are 
often-if not nearly always--considered to he of lower quality than local varie
ties. There are at least thfee' interrelated reasons for this: (a) genetic 
characteristics of quality may actually be less desirable, and/or (b) the new 
varieties may require improved methods of harvesting, drying and storing which 
are not as yet available, and/or (c) the difference may be more imagined than 
real. We shall look briefly at the first two. 

Genetic characteristics of the grain may indeed differ. In the case of rice, 
texture and, taste differences can lead to lower milling and eating qualities-
Influencing both domestic and export markets. Some of the Mexican wheats 
initially used in Soflth Asia varied from local preferences in terms of grain 
color (they were, -red. rather than white) .and baking qualities. 3reeding pro
grams, however, kre expected to solve many-.of these problems. 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 wbite-grained types of wheat-have been developed-tbr use in 
South Asia. More are to come. 

Problems with harvesting, drying and storing can arise from at least two 
sources. One is the fact that the sharply increased yields-from the new varieties 
may simply swamp existing harvesting, drying-and storage- facilities; this-in 
turn may lead to a consequent loss of grain quality. Or, as in-the-case of rice, 
there may be a problem of timing: 

The IR-8 was harvested approximately one month earlier than local varieties 
during the end of the wet season.. Rice sold wet in the field received a price 
discount well in excess of normal drying charges due to the risk involved in 
drying and milling:before the rice-spoiled. 

To some extent, the difficulties involved with earlier harvesting of rice could 
be avoided if better equipment or facilities were available But all too often 
they are not. Increased attention is being given to these matters at IRRI and 
elsewhere. 

(3) Influence on cropping patterns.-Tlia preceding Quantitative and qualita
tive effects could have pronounced effect on cropping patterns. 
- In the short 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 India, for instance, during the fall of 1968 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, short-term 
success with grains may lead. nations to overlook other promising crops: one 
crop economist claims that in Vietnam, for example, preoccupation with-rice 
has led to the neglect of-bananas as a potential export crop. 

Over the longer run, the increased output possible with the new varieties, 
and the impetus they give to multiple cropping, could well increase grain sup
pliers in some areas to the point where some land is freed or shifted to other 
crops. This appears to have occurred already among some rice farmers in the 
Philippines and wheat growers in Mexico (in the latter case, the shift was 
encouraged by the-governmeit's price support 'program). The other crops might 
well take the form of fruits and vegetables, or feedgrains for livestock produc
tion. In other -words, the new- varieties may in effect lay the ground work for 
the diversification of agricultural production. 

(b) Financialretunt 

The net returns to farmers from using the new varieties are influenced by 
changes in returns and costs. It was suggested- in Chapter IV that increased 
returns are most likely to go to those who first adopt atechnology, whereas later 
adopters may find -little if any improvement. Our emphasis here will necessarily 
be on the shorter rum. 

(1) Okanges in farm prices and costs.-The inereased output associated with 
the-new variety technology lays the base for increased income in the short run. 
The big questions concern the direction and magnitude, of the price changes,
These are directly determined by two factors: the quality of the product and 
the speed with which production Increases. 

There is, as we have noted, at least a temporary grain quality differential
one which has not favored the new varieties. In the hilipDines,_as of late 1968, 
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IR-4 rice was selling at about 20% below local varieties 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 season in 1967, 148 reported a lower 
price. In India, the reddish grain produced 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 difficult for IR-8: one big sale 
made by the Philippines to India late in October was concluded at a price which 
reportedly represented a loss. Discounts for the new varieties are not, however, 
the rule in every market. 

The price of grain is, of course, influenced by the quantity available-both 
nationally and on the world market-and the nature of demand. During the late 
1960's world production of wheat and rice increased substantially. The demand 
for these two commodities, moreover, is generally inelastic. Thus it is not sur
prising that there was a decredsb in some prices during the latter part of 1968. 
The FAO world export price index for rice, for example, moved as follows: 

January ---------------------- 1 45I Au ----------------------- 147 
February ------------.-.-- 10 September -------------------- 14 
March ----------------- _15 ctober -----------------------. 
April ------------------ _ 152----- Nvember---------------------189
 
May ------------------------- 149 December---------------------141
 
June ------------------------- 148 (January---------------------138)
 
1lYug-1-------------------------- 1479
 

Similarly, the wholesale price index for wheat in India 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 also 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 treasuries. The Philippines, in fact, was led to propose an interna
tional rice agreement Production increases in Mexico threatened to create sur-
Pluses and in 1966 the government reduced support prices for irrigated corn and 
wheat grown in leading areas. 

The added inputs involved in the production of new varieties clearly will 
raise the costs of production per acre, though not necessarily per ton In one 
study in the Philippines, the increase in variable costs per heetare for growing 
BPI-76 and IR-8 instead of native varieties under traditional practices brought
the total costs up by % to s/.; costs per cavan of output, however, were little 
different (and were less for IR-8). Comparable illustrative data are not at hand 
for wheat 

(2) Changes in farm. incone.-Ithas been widely assumed that the increased 
returns from growing the new varieties have exceeded the costs. Incomes have 
probably generally been increased in the short run. Yet 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 hectare for IR-8 were two-thirds higher than traditional varieties 
during the wet season but only slightly higher during the dry season. The situa
tion in Burma varies by market: as of late 1068 it was (a) profitable to raise 
IR-S for sale to the government, because the purchase price was the same as for 
other types of rice, but (b) not profitable to grow it for the free or black markets 
because of a lack of demand brought on by quality problems. 

Returns can also be viewed op a macro or micro basis. The gross value of the 
increased wheat production in Turkey during the 1967/08' season was estimated 
at $23.6 million, while total additional costs to farmers were placed at $18 0 
million, giving very roughly a net return of more than $5 million. A linear pro
grammipg study of foodgrain produwtion in the Punjab in India in the land 
1900's, however, suggested that net income per acre would not be significantly
increased until fertilizer levels were increased substantially and capital was not 
a constraint. Much more study is needed on ftp nature of short- and long-run
changes in farm income. 
2. Social/political,imvcet 

Social/political problems can arise from the fact that certain groups may not 
share evenly in the benefits accruing from the new varieties: Within regions 
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there are farmers who may not adopt the new varieties because of economic or 
other reasons; similarly there may be differences i 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 
not adopt them. 

Where this is so, there may be a growing or widening economic gap between 
sectors of the population. This may be less of a problem with the wheat and 
rice varieties than with more mechnical technologies because they can be iela
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 those who were rational non-adopters . . ," 

But there is an added -dimension to the problem. Not all new varieties have 
moved as quickly as wheat and rice. Corn in Mexico is a prominent example. 
Although improved hybrid corn varieties were developed in Mexico along with 
wheat, a much lower portion of total area has been planted to them. Part of 
the reason is that corn is the staple crop of the small low-income farmer who 
usually doesn't have irrigation. Morepver, he may not have the opportunity or 
resources to buy new seed each year, not to mention. the-other inputs. The iesult 
has leen that smal farmers have largely been bypassed-by technological change. 

Technology is, moreover, apt to change much more rapidly than institutions. 
One-of the most severe diftliulties in many areas concerns land tenure arrange
ments: 

Feudal land tenure relationships, which were successfully 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 the rural population dispossessed. 

The problem in many of these areas is that the pay-off from innovations is 
capitalized into land values, iesulting in increased rents for tenants. 

But the adoption of new varieties has not-unlike many new technologies
tended to directly result in the displacement of labor. If anything, it may have 
led to increased employment in the short run, especially in rice areas The same 
may be true over the longer run. particularly as increased grain production 
provides the basis for diversification involving labor-intensive crops. 

If 	there has not been a sharp quantitative drop in employment, however, there 
may have been a qualitative shift in wealth. The farmers who have been the 
firt to adopt the new varieties have'been made, temporarily at least, financially 
better off. This increased wealth has not necessarily been passed bn to the work
ers in improved wages. The result has been growing social tension in some 
areas. In.the State of Madras in India, for instance, the uneven returns from the 
new varieties have led to serious clashes between owners or tenants and agri
cultural laborers: "Wages have increased unevenly throughout the district, and 
the landless laborers have been agitating for -an even bigger share of the new 
prosperity."

Tbeproblem, as Mellor ruts it, is that the new technologies may provide their 
benefits in proportion to landholdings rather than in proportion to labor inputs. 
Thus i social/political problems of the sort discussed here are to be avoided, 
landlords may have to adopt a more enlightened policy on land tenure, while 
farmers may have to provide more equitable wages for landless laborers. Neither 
will be easily accomplished. 

S. 	NationaZ aund nternationai imnplications 
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 at the national and international level. 

At the national level, supplies of grains will be increased and prices reduced. 
Depending on the degree to which marketing and food distribution 'are im
proved, the result may be a reduction of undernutrition. To the extent that in
creases in grain supplies permit increased production of other crops, there may 
also be a reduction in malnutrition. The improvement in nutrition, together with 
the possibility of reduced imports and increased exports, will contribute to na
tional 6conomic growth. The results, however, may not 'be favorable: the tem
porary increase in consumer 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-trade.'As less developed nations increase grain production, they will 

38S-12-70--12 



174
 

first move to economic self-sufficiency and then possibly into an exporting sit
uation. Self-sufficiency will mean a reduction in dependence on foodgrain in
ports-especiallY those of a concessionary nature; this in turn may create some 
short-run adjustment problems for food grain exporting nations (though over 
the longer run, with economic development, the market for some agricultural 
products may improve). But as the less developed countries move into the -in
ternational grain market for gram, they will face a host of new and sophisti
eated problems-involving questions of product quality, comparative dLsadvan
tage, trade barriers, etc.; n this market the established exporters may well 
have the edge. Issues of this nature will doubtless be of increasing concern. 

E RoLE or RESEARCH IN THE "GREEN REvoLuTioN" 

(By Edwin M. Martin) 

(Edwin M. Martin, Oh7airman-ofthe Development Assistance Committee of the 
Organizationfor Economic Cooperation and Development, has served,with the 
Departmentof State for almost 25 years.Priorto accepting-the DAC chairina*
ship i. 1968, he -was U.S. Ambassador to Argentinafor four years. He has also 
held. the positions of Assistant Secretary of State for Inter-American Affairs, 
Aesistat Seocretary-ofState forEconomio Affairs, Deputy U0.. Representative to 
the North Atlantic Council,and a host of others. This articleoriginalyappeared 
inTWar on Hunger, a reportpubished nntly by the Offee of the War onlunger, 
Agenoy for InternationalDevelopment, Volume III, No. .0; September, 19069-) 

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 -tohappen 
to rice and wheat and corn productivity in a number of tropical countries may,
be the start of a major transformation in the well-being of come two-thirds of 
the world's population whose economic fortunes are largely determined by how 
much their 1umian resources and their soil and water can be made to produce. 

If future developments justify such a label, the responsibility and credit will 
go in large measureto the scientists in agricultural research institutions who 
have devoted their energies and abilities to focusing all man's-understanding of 
the scientific .principles of genetics, soil chemistry, plant pathology,-entomology, 
etc. to the single purpose of increasing the productive return from each. seed 
planted 

TEA2IWORK FOR REVOLUTION -

Of course; the new germ plasms in 'their miracle seeds would be unheard of 
outside of experiment stations if many other factors were not playing their 
parts. Governments, with help-from foreign'countries and private investors, hav4 
to use scarce resources, especially foreign exchange, to see that controlled water 
supplies and adequate quantities of fertilizer, insecticides and pesticides are 
available to farmers when they are needed at prices they can afford to- pay. 

Jlust as crucial has been the -transfer to millions of individual farmers, the 
majority illiterate, of the techniqlies worked out by the researchers for .com
bining all these ingredients tosecnreithe optimum results. To justify the inputs, 
they must be treated almost like a new crop, abandoning ways that haVe been 
endorsed by generations of use. 

The incentive to risk much, sometimes .all, in such an experimental venture 
must come from an exceptional prospect of profit, resulting from a favorable 
ratio between added input costs and the added value of a larger crop. It is.here 
that superb teamwork between a few enlightened governments who have guar
anteed mnmimum pricesor subsidized inputs, or both, and the researchers who 
have made available a package of new inputs (seeds, fertilizers; etc.), combined 
with new agronomic practices capable-not.of increasing-output 10 or 20 or even

.50 percent-but-of doubling or, with multiple cropping, trebling or quadrupling 
it, has' shown the way and. inspired the claim of "revolution". For farmers,, no 
matter bow ignorant 'of the world or how tradition-bound to the wayssof their 
ancestors, have in country after country, shown beyond -doubt thait hey could 
count. and that the prospect of large increases in profits has the same chain
breaking qualitiesit has had elsewhere in the world'i history,'In these circum
stances motivation has been no problem. 
- It is necessary, though, to keep it operating by preserving the cost-price ratios 
at an-adequate level, especially by seeing that there are market channels by 
which the additional foidstuffs 'produced can be'sold at i fair price, or, from 
the consumer point of view, that more people eat better. 

http:capable-not.of
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FUTURE RESEARCH EOL 

What then is 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 emphatic no. 

It is, of course, unlikely that such long leaps forward as those made in recent 
year will again be possible for wheat and rice. But much remainsto be done. 

Present high-yielding varieties are dependent on relatively large quantitles 
of carefully controlled water supplies. The limit of acreage on which they can 
be planted will soon be reached; it is capable of only slow and expensive ex
pansion by new irrigation systems. At 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 ideal water control is not available. 

SORGHUM, hrLrT, CORI 

This is a question not just of new breakthroughs with wheats and rices but 
with dry-land grains such as the sorghums and millets. Although it proved im
possible to transfer excellent varieties of wheat and rice from temperate to sub
tropical and tropical zones, the tremendous amount of knowledge about thou
sands of varieties, of these two grains which has been accumulated by several 
generations of researchers was the essential basis for the apparently sudden 
breakthroughs, which have been achieved. No such reservoir of scientific ex
perience exists for sorghum or millets and hence- much more work is almost 
certain to be required to achieve comparable results. 

I have postponed further discussion of corn because it seems to present the 
special problem of not only being unadaptable from one major climatic zone 
to another but of not being transferable without substantial loss ot productivity 
from one part of the tropics or subtropics to another. Breeding of high-yielding 
varieties therefore has to be highly decentralized and many times duplicated. 
Moreover, really good results have only been secured thus far with hybrid seeds 
which are difficult to keep flowing in pure form to millions of small farmers. 
The importance of corn as a food in,many parts of the world requires that this 
duplicative research effort proceed with all energy. 

Here too there have been some promising results in adding to the protein 
content, thus providing without doubt that the cheapest and most easily achieved 
major reduction in protein deficiencies now in prospect This had added impor
tance as we learn more about the life-long effects of protein deficiencies be
tween weaning and about six years of age on mental and physical capacity. 
Eliminating such deficiencies would represent a major investment in future 
economic growth as well as individual welfare. 

AGRICULTURAL PRIORITIES 

Grains deserve first priority because of their general cheapness and accept
ability as the basic source of calories and often of proteins. But they are not 
suffcient to meet all needs, especially for proteins, and growing conditions as 
well as eating habits give importance to other food crops. Next in priority are 
probably the grain legumes and the root crops. Except for soy beans, and that 
only under temperate conditions, the research possibilities have been hardly ex
plored, let alone exploited. Here again, starting almost from scratch, we must 
expect a major research investment for a period of about ten years before asking 
for a report on results. 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 noulishment also 
justifies their playing a larger role in the daily diet. As grain productivity be
gins to 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 cultural requirements of most tropical 
fruits and vegetables are concerned, the only exceptions being major export 
groups like citrus. Breeding is, of course an especially prolonged process for 
tree-borne fruits. It is therefore urgenf thapt a 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.in'contrdst to wheat, tice and corn, the developed 
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countries have almost no first-class scientists knowledgeable enough to take 
leadership in training a research team, lot alone having a whole team. 

Last in priority but incapable of neglect are the impediments to larger output
of animal products. Some argue against encouraging this sector on the grounds
that in a poor society one cannot afford the inefficiency of animals in converting 
vegetative matter into calories and proteins for human consumption. Opponents
of this view contend that some portion of human protein intake must be in 
animal form if malnutrition is to be eliminated. Neither are correct views. 
There are large land areas which for one reason or another cannot produce 
grains or other green crops for htimans but can support animals. On the other 
hand, it is possible, though not always easy, to get an adequate balance of pro
teins solely from crops, with no animal supplements. 

In any case, animal raising is an integral part of manS, social systems. Many 
people want to eat animal products and asdneomes rise 'will do so Increasingly. 
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 husbandry more efficient-to raise productivity. 

GENERAL ESFABC.E DROEBLEMS 

.The most critical problems are those of waste due -to tropical diseases and 
pests, about .whichu:all too little is yet known. There are'also, many aspects of 
animal' management in the tropibs about which we have much to learn. Espe
cially -important is the development of improved types of tropical forage, again 
a field oi which developed country scientists have had littY reason to spend 
much time though some good vork is going-on in northern Australia. 

In addition to the-preceding types of product specialization, there are several 
general problems of-such across-the-board importance as to deserve concentrated 
research efforts. Undoubtedly the most critical, already hlluded to, is the 
handling-of water. How best to get more where it is scarce? flow to get rid of-it 
where there is-too mucht row to economize in its uses? These are just a few of 
the problems. Iii many countries the major problems have factors in common, but 
in details they are everywhere distinct, and a coordinated scientifle attack 
urgently needs to be mounted. 

Shifting cultivation, often but nQt always) slasl;-andzlurn procedure, is 
widely practiced in almost all bush and forest areas of the troQies in low land 
and mointainous regions. Some shifting cultivation systems bave left cropped 
land (fter three to five years of cultivtion1 fallow for as long as ten yeals. 
Population pressures, ergated by post-war reductions in death rates, are eroding 
the lengthi of fallow and with it the fertility of the soil, Wqys to 'maintain soil 
productivity with more or less contintious cropping will not he easy to find be
cause of both the leaching action of the heavy tr6pical rainfall and the poor basic 
quality of the soils insmany of these areqs. But they are so extensive on all tropi
cal continents-that scientists must find a new response to the situation which is at 
least as satisfactory, hopefully even. better, than the relatively sound one which 
traditional society work9d out for its sitition iof very low people-to-land ratios. 

REUUcgIQI OF WASTE 

Some also think intensive research is warranted in the kinds of crops and ani
mals that can be grown and on cultural practices in aregs which seem certain to 
be always arid, with considerably less than normal rainfall and po ground or 
surface water sources for irrigation. -

Others have suggested concentrated research effort on, the reduction of waste 
by rodents and birds, serious,problems to which no truly efficieit-answers have 
been found. 

Storage under tropicql-conditiqnsis another waste problem, towhich the recent 
sharp increa e in productivity have 4ttractp mqre 4tezton, rightly though
belatedly. Sope eptimiaies 'uggeat wastage of gran bstwpen harest and con
sumption qg ag iqeh as g per eQi,Ai,1p g cqiu44xjes, q, rate )ve canot 4fford 
not to, reduce. 

In all thpse areas pf sesearcb agtivity it muqt be reemnhasized that there is a 
vital role np only fog major intprnatippal repAxc centers to conduct basic 
reqegrg , ePgy)xrd p pt DJYgP rpplen-bf plgafor 
regional and national centers.t do .reeding o. meet loegl producton and con
sumption conditions and to determine the best local culturalpractices in the light 
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of the cultural environment and available agricultural inputs. All must be sup
ported. In both cases real success will, as always, depend on a close liaison with 
farmers to insure that the right problems are given priority and that research 
results are put promptly into practice. 

Some research is being done somewhere ok most of the piobleis listed. How
ever, it is seldom adequate in scope or intensity. In particuldr, the research 
leadership required from a high-level team of outstanding mii, wb1l-financed 
and managed, is not presently a.vailable for grain legunie8 or-rodt ci-6ps, iruits and 
vegetables, water management, predator control, or arid systems and only par
tially for animal husbandry. 

QUALIFIED LEADERSEXE NEEDED 

What is needed? As always one needs money, but really not very much. When 
one looks at the hundreds of millions of dollars being committed each year to 
agricultural development by both donors and recipients, and reads some of the 
well-known studies of rates of return on investment in agridultural research, the 
wonder is that money isn't looking for people rather than vice versa. To invest 
so 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 techhfeal knowledge to the conquest of 
our natural environment. 

Actually, if bilateral and multilateral dofilors could biild up to a contribution 
of $50 million a year by the end of five Years we could have first-eldss inter
national research institutes operating on all the major jftoblems! They could also 
be giving substantial training and advisory help to an extondire network of 
regional and national centers as well. 

It will take this long primarily because of the need to find, and hi many cases-to 
train, qualified research staffs. Nothing is scarcer than first-cliss brains, 
especially if they must also-be capable of Operating as team membersaibd teachers 
as well as scientific investigators. Nor will it do to-try to get aloiig by borrowing 
experts for a year or two, except as specialized shpiRdhints fol .haf1 core team 
of dedicated permanent scientists, prepared to devote five or ten years or a life
time to this rewarding task. 

Finally, it is equally vital that the organization and management of such cen
ters be such as to permit the scientists to spend their time at high priority tasks 
directly related to agricultural productivity. Research center directors must be 
free from political interference and yet close to political authorities, through 
whom their results must go to reach farmers. They must be free to apportion 
funds flexibly as new problems arise and to insure a 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 qualified 
direction. 

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 on which the vast majority of people depend for a livelihood. 
No greater contribution can be made to the long-term prospects for self-sustaining 
growth which is the basic requirement for true independence as well as the well
being of all classes, but especially those who are now most in need. 

ANTIFAMINE STRATEGY: GENETno EwNOlNEERIo ron Foon 

(By Sherret S. Chase) 

What can genetics do to increase food resources?Ofte ansteris visible in the 
rapid spreadof didzrfing genes from a Japanese wcheat variety called Norit. 10. 
With. these qenes, short-seianed'Ibbcat varieties base Veen e4gheored iohfoh 
Uield more harvestitlbe grain shider ihteesihe cultivatlin in many parts of the 
world. This is one aspect of genzeti eitgfn66rn'; to incre&se the fbbd upply of 
the risig iworld population.Prof. Chase, a plant genetibiUt of the sfate Univer
sity of New York and the Botanical Museum, Harvard University, describes 
others frot the plant breeder's point of view. 

As the civil engineer, part artisan and part applied physical scientist, designs 
and constructs physical structures, in similar fashion the plant breeder, an engi
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neer also, part artisan and part geneticist, defines his objectives and manipulates 
the plant materials available to him to realize his goals and those of society. 

Plant breeding predates Mendel. Many productive plant breeders of the past, 
even the very recent past, had scant knowledge of genetic theory. Today the 
productive plantbreeder draws heavily on the science of genetics and may him
self engage in fundamental studies. 

Though the plant breeding profession can take pride in its accomplishments, 
the world situation requires greater efficiency not only toward improvement of 
the food grains, but also of almost all the plants cultivated for man's use: the 
fiber, pulp and timber species; the vegetables; the beverage plants; the oil, latex 
and drug species; the forages; and the ornamental trees, shrubs, 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. Internationali
zation, so far, has resulted in greater efficiency of effort, a. change of particular 
importance to underdeveloped regions. 

GRAIN, THE SUSTAINER 

Historically, presently, and for the foreseeable future. the food grains are the 
crop plants most important to 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. According to Paul 
Mangelsdorf, former director of the Harvard Botanical Museum, "At least 50 
per cent of the world's people get at least 60 per cent of their energy from rice. 
Thus, more than 80 per cent of all the human energy on the 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 r-e. 

TABLE I 

World production, 19661 

Area Yield Production 
in million irT100 kg, in millions of 

Grain crop bectares per liectare mletrc tons 

Rice.. .... ...-.......--------------------------------------..---- 126.2 20 0 253.1
 
Wheat ---------------. ------------------------------------- 21M2 14,2 308.3 
Maize (Corn)------------- .--------------------- 102.3 23 3 233 8 
Barley.............. .. . ..-----.--------------------------------- 70.2 16.5 116 0 
Millets ard sorghum -- --------------------------------------- 212 1 7 8 84.7 
Oats ------------ - ----- 15 8 48.5------------------------------- 30.7 
Rye..----------------------------------------- --------------... 24.1 12.9 31.0 

Total -------------------------------------------------------------- 1,080.4 

I Data: U.N Food and Agriculture Organization. 

In the subsistence regions of the world, food grains are consumed directly by 
man; in regions of affluence or surplus, a large percentage of the crop is fed 
to livestock and poultry, 

GENETIC ENGINEERING 

An individual, whether man or crop-plant, is-the product of genotype-environ
ment interaction. In plant breeding, goals cannot be set unless the cultural 
environment is more or less well defined. Conditions of nature-the day-length, 
temperature regime, rainfall-are important. So are the more controllable cul
tural conditions--the level of fertility, availability of irrigation water, the ade
quacy of husbandry, and -the plant population per unit area. The plant breeder 
has learned from experience to breed crops for the better rather than the poorer 
or average farmer, for improved cultural practices rather than subsistence prac
tices. By no means are all the problems of the breeder concerned with perform
ance in the falmers' fields Also important, often decisive, are problems 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 is devoted to genetic- solutions 
of seedproduction problems in those crops which are hybridized. For example, 
no matter how desirable and productive hybrids may be, ther cannot help the 
farmer unless hybrid seed of good quality can be produced in volume at low 
cost, with a. margin of profit for the seed producer. 

GENETICS-KEY TO TLEXTY 

In ms ofplnion, the gentic engineering of 'the major food grains is one of the 
most exciting things man is doing today. With its necessary complement, the 
development and implementation of population control, it may well be the most 
important. Considered in terms of absolute costs and absolute profits, the genetic 
enhancement of fo6d plants is the best of investmpnts. 

The challenge to the plant breeder is evident from the comparative regional 
yield levels per unit area of rice, wheat and corn given in Table II (Note par
ticularly-the relative levels- of yield in 'South America, Asia, and Africa.) 

ELEPHANT'S EYE 

In all the 'food grains there are major efforts underway to restructure the 
plants to make them better adapted to high levels of production per unit area 
under conditions of intensive culture. Three attributes rare receiving particular 
attention: plant height, stiffness of stalk, and leaf arrangement Short plants, 
stiff-strawed, with upward extending leaves are favored, as these seem more 
able to withstand high levels of nitrogen fertility and higher plant densities 
than,are tall plants or plants with lax, drooping leaves. Upward extending leaves 
seem to be'3-more efficient in energy gathering-in phot6synthetic efficienoy
when plants 'are crowded close together than are lax, drooping leaves. Short. 
stiff-strawed plants are also better suited to machine cultivation and combine 
harvesting. 

The corn farmer in the United States and his counterpart elsewhere does not 
want corn "as high as an elephant's eye." Ie wants short, lodging-resistant 
plants, -easily machine- harvested, 16,000 to 24,00W or more of them per acre, 
each ptoducitg a well-formed,ear. In the'north, ordinary corn is short enough; 
in' thecential Corn Belt short-statured hybrids are replacing the taller corn of 
the recent past. In tfhe South and in-tropical regions where corn normally is v6ry 
tall, dwarfing genes, such, as the recessive brachytic-2, are being introduced 
rapidly to commercial Varieties and bybrids to achieve drastic shortening of the 
stalk. Braebytic-2 results in a telescoped form of the plant, with as many leaves 
as a normal counterpart but much less height With such dwarfing. for photo
synth'etic efficiency, the desirability of genotypes with iipright leaves increases. 

In grain sorghum, a whole series of dwarfing genes has been recognized, and 
used, to produce short plants. The increase in sorg'hum'culture in the United 
States traces directly to the utilization ofthese dwarfing genes to produce vari
eties well adapted to combine harvesting. Grain sorghum production here has 
increased approximately 15-fold since the 1920s. 

TABLE II 

Relativeyields of grain per unit area in 
crop, as percentage of highestL 

'Rice Wheat Corn 

North America. ............. ...........................- ...-.--
South America -------------------------- ---------.---------

67.9 
32 6 

0-4 
54.3 

100.0 
382 

Western Europe.----..... ..----- ------..----------
Eastern Europe-------................... ......................... 
USS.R .---------------------------------- -------------
Asia.. .. .. .....-------------------------------------------------
Africa- .-.--.-------------------- .- -----------..... 

100,0
53 5 
50 0 
34 6 
30.3 

100,0
99.1 
47.5 
38.9 
32 0 

82.8 
68.0 
67.7 
31 5 
30.3 

Oceania-------------------------------- --------- --- 94 6 65.9 65.1 

World..--------- .--. 351 57.6 60.9 

't Adaptedifrom-1986 Data, U S. DepartneitofAgrrculture "AgriculturalStatistics,"1967edition. 
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ENGINEERING RICE 

Many landraces of rice are five to siS feet tall with drooping leaves. Research 
conducted in Japan indicates that stiff, shorh-statured, upright-leaved varieties 
of rice with tillering ability have the greatest yield potential under intensive 
cultivation. Varieties have been bred to these specifications. Particularly produc
tive have been a series of short-statured, stiff-stiawed varieties from Taiwan. 
These, about 40 inches tall at maturity, have produced exceptionally high yields, 
at very high levels of fertilisatloh. Impioved vertions, the product of intensive 
breeding and selective work at the International Rice Research Institute (IRRI) 
in the Philippines, are now moving out 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 leaf varieties. In the 
Philippines, one of these, IE 8, averaged 80 per cent more grain than local 
straiis-a result of.being able to utilize 90 pounds more of nitrogen per acre with
out developing major lodging problems. 

Well publicized have bee'n the short, stit-strawed wheats recently developed 
in Mexico. These have helped make Alexico self-sufficient in wheat. Mexico 
wheats and their derivatives are revolutionizing wheat culture in many parts 
of the world. The story is the same: short, stiff-strawed wheats with upright 
leaves respond more successfully to high culture thhn the local kinds they are 
replacing. 

The dwarf wheat "Gaines," developed at Washington State University, in the 
period 1949 to 1961 by 0. A. Vogel, and "Nugaines," another derivative of the 
cross of Norin 10 by Brevor, were used to, plant about -two and a halt million 
acres of the Wheat acreage of the Pacific Northwest in thd 1967 and 1968 seasons. 
Many yields in the range of 160 bushels per acre were recorded. One-farmer ob
tained a yield of 209 bushels )er acre, the world record for Wheat (the U.S. aver
age-was about 26 bushl -peracre). 

MESICAR WHEATS 

The Japanese, effective plant breeders in many Blelds, have recognized the 
advantages of dwarf wheats, for years, Norin 10 was registered and released in 
1935. As is true of many Norin 10 derivatives, the variety is not only short with 
-stiff straw but produces more tillers (separate flowering stplks) than is usual 
among other stiff-strawed varieties. European wheat breeders have also long 
appreciated the advantages of short, stiff-strawed wheats. In Italy,, Japanese 
wheats were used iD breeding programs from 101i.on, if not earlier. 

The present suige of world interest in the, dwarf wheats has gained impetus 
from the outstandingly successful work of N E. Borlaug and.1is associates-in the 
cooperative wheat imiprovementprogram of the Mexican Ministry of Agriculture 
and the Rockefeller Foundation, initiated in 1954. Improveknent was dramatic. 
In 1943, average wheat yields in Mexico weie 11 bushels per acre: half the wheat 
needed was imported. By i964, 37 bushels per acre were beiigproducedin.Mexico 
on the average, and the country had wheat available for-expoi't. 

MORE IMPORTS 

In 1965, Pakistan bought 350 tons more imports of Mexican dwarf wheat for 
seed. These 350 tons planted 12,000 acres where they yielded A 50-f6ld increase, 
four times the normal Pakistani yield. From the increase 300.000 acres were 
planted, including 85,000 one-acre demonstration plots in 18,000 villages. In 
1067, Pakistan imported 42,000 additional tons of Mexican dwarf wheats. These 
new varieties have helped end-a 20-year food grain deficit. Thought is now being 
given to use of surplus wheat lands for other purposes. 

In India, 18,000 tons-of -the' Mexican Wliats were imported in 1966. In the 
169 season, six million acres were sown to dwarf wheats, 18 per cent of the 
wheat acreage This iS percent piroduced much more than its pioportionate 
share of the total crop-fln estimated 40 per cent. 

The dwarf wheats have given a fertilizer response in.Mexico, India and 
Pakistan of the order of IT to 30 pounds of grain for each pound'of mitrient fur
nished, as compared to 11 to 16 pounds per pound of nutrient for the l'tal un
improved kinds. Though the Mexican varieties have done well, similar locally 
-bred varieties may do better in resisting local-diseases and in satisfying 'the local 
market. Unfortunately, the red-grainedt Mexican varieties such -as Lerma Rojo 



181
 

64. PY 18 and Sonora 6- sell well below the price of the white-grained local vari
etes. Such color preferences are restrictive in regions where food grains are used 
directly for human consumption. These and other clinary characteristics and 
-milling propei ties must be taken into account by the bleeder along with gross 
yield and agronomic characteristics. 

THE WHEAT GAMBLE 

The massi'e-importation of Mexican dwarf wheats into Tudia andPakistan was 
a major gamble: a brilliant onewf. can say, since it paid off. It could well have 
failed. The gamblewas-male necessary Iy the inadequate'support of wheat breed
ing and agricwlture generally in Inlia and Pakistan in the past. The sort of effort 
undertaken in Mexico should have -been underway in India and Pakistan at the 
same time or earlier. 

Both india and Pakistan have first-rate plant breeders. Yet wheat breeding as 
a necessary task was not adequately supported by the Indian or Pakistani govern
ments or, befoie partition, by the British. The result was-that the imminent threat 
of -famine forced the gamble of importation of vast _quantities of the M11exican 
dwarf wheats, wheats known to be of a grain color disliked by the local population 
and knownsto-be susceptible to 9idemic plant qisease. Plant breeding is now more 
highly regarded, in these twq countries; it is indped becoming an honored 
profession.-

QUEST For IESISBT4NCE 

The quest for genetic 'esistanpe to, attacks on plants by disease organisms, 
insects and othei pests is unending. For years, the wpeat and 6at breeders were 
concerned with little else. ControT of peggtithrough geuptie rpsistance of the host 
is usually more economical than contrji-by chemicals. It may also be more certain, 
and it ayoids the dangers of environmental pollution by pesticide residues Con
sequently, resiStguce to rusts qand othpr filgi. aiid to irlsect damage, is bred into 
the creal plants ghp possible. In some cns@s, the proalucts of such breeding 
efforts have been highly successful in withstanding the attacksqf pathogens. In 
other cases, the results have been disappointing. 

Losses from disease and insects are immpnse. According to Elvin C. Stakman, 
professor emeritus of the Institute of Agriculture, University of Minnesota, 
"The.control ot.pests-and pathogens of the principal cereal food grains-wheat, 
rice, anaize, sorghums and millets-would add 200 millon tons annually to the 
billion tons now produced." At-the subsistence level of humnan existence, outbreaks 
of plant disease can. he -catastrophic. More than a million people died in Ipdia 
in.the 1940s in direct consequence, ofWeolysintihonsortim blight of the rice crop. 

In one of-the-most remarkable-feats of-genetic epgineering.accomplished to date, 
E R. Sears transferred a-small segment of a chromosomeof Aegilop& iumbelluZata, 
carrying h-major gene for leaThrust resistance,to comuon wheat. Common .wheat, 
Trit owit aestihtnn, iaan amphidiploid containiur the full chromosomal comple
mentstof its three ancestral species. Aeflops umballat -is a diploid. Attempts 
to cross the two species directly failed, but iboth can be crossed with Tritious 
diAccordes; emmer wheat. By use of this species as a bridge, Sears obtained 
plants with al the ,chromospmes ot common wheat plus one from goatgrass,
the chromosome carrying the resistaknce factor. These-plants are inadiated prior 
to se- cell formation..Among-some 6,000 piogeny, one plant was found that had a 
minute-chromosomal translocation involving the desired-gene for resistance. This 
plant was fully fertile and provided the desired source ot'leaf rust resistance for 
bW eeding work. 

DlcPROVING fNUTRI'1fE QUALITY 

The cereal crops of the world are deficient in the esspptial qminn geid, lyine,
and otlger Imino aci~s.as well, as-meaq1req.by JNiman rgquirements. But legume 
seeds-soyleans, peanuts, bepans and gram-gre ajch in Iysine. UJse of legume 
sped qs a dietgry SupplemenI is common a, qng gyalp eaters throughout the world. 
Consider the corn and beans of the American Indian, the peanuts and sorghums 
or milet; qf the African, tie ue of gramid other pulses 4s par-t-of the diet in 
India. At the subsistence level, howevgr, protein su plpements tend to be absent 
from the diet of babies and young children and inadequate in amounts for adults. 
Children in early life are particularly vulnerable to amino acid deficiencies. 

Two recent developments have stimulated breeding for improved protein. One 
is the simplification of devices for measuring amino acids by kind and quantity. 

http:as-meaq1req.by
http:aci~s.as
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The other is the discovery by 'Mertz, Bates and Nelson that a recessive corn gene, 
opaque-2, mediates the development of corn protein with unusually high levels 
of lysine and tryptophan. Another recessive gene, floury-2, seems to have some
what similar 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 agriculturalists, may be worth attention. 

These varieties of indigenous corn as well as others are being carefully 
screened, as are genetic mutants and modern commercial corns. Variations in 
the amino acid balance of the sorghums have been established. Certain strains 
of wheat bare higher quality protein than others. A strain of oats with protein 
of unusually high quality has recently been discovered. These developments are 
promising. If the balance of essential amino acids in the food grains can be 
substantially improved without loss of total food energy productivity, this 
will set the stage for a great gain in the struggle against starvation and 
malnutrition. 

ADAPTIVITY 

In all grains, early maturity of crop is favored by farmers, provided yields 
are, satisfactory. Use of short-season grains may make, possible double or triple 
cropping. This is the major impetus for development in early maturing varieties 
of rice. In Italy, an appreciable acreage of corn is planted in June' after wheat 
harvest. Short-season, heat-tolerant hybrids make this type of double cropping 
feasible. In certain tropical 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 to give the farmer ample time to 
harvest and replant his land for the following 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 much wider adaptivity than our hybrid corns. Attempts are beginning to 
breed corn for nonsensitivity to day length. 

2tYsams 

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 
Igoal of all cereal breeders, more remote for some than for others. In corn, 
sorghum and pearl millet, this goal has been achieved; hybrids are being used 
successfully. In the United States hybrid seed corn, 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 almost entirely hybrid. Pearl millet is being successfully hybridized in India 
and elsewhere in the same pattern. The use of hybrid corn and hybrid sorghumn; 
outside the United States has increased rapidly in the past two decades. The 
production of this first generation hybrid wheat is now underway. Whether 
this venture will become a commercial success may be determined this year. 
Efforts are being made to develop solutions to the problems ofproducing hybrid 
seed of rice, barley, oats and rye on a field scale. 

The economic value of heterosis in corn and sorghum has been immense. 
Yield increases of the order of 20 percent were obtained when hybrids first 
replaced varieties. Subsequent improvements have given further substantial 
Mdvances. Single cross li'vbrids of corn, considered too expensive to produce 
commercially when hybrids were first introduced, are now taking over an 
increasing acreage. 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 1951 to 1965 show well the overall value of hybridization. A great 
deal of effort by able plant breeders has been devoted to Improvement of 
soybeans, which do not lend themselves to hybridization. Both corn and soy
beans are grown on the same land at different times in a rotation. Corn receives 
fertilizer because it responds well. -Weed control and other cultural practices 



183
 

are comparable for the two crops. Expressed as kilograms per hectare, corn 
and soybean yields have increased as follows: 

Years averaged Corn Soybeans 

1931 to 1935------------------------------------------------- 1,520 1 009 
1941 to 1945---------------------------- ........... 1244
................ , 

1S to 19M ___-___--------------------------------------- ------------ 2,690 1,345 
1961 to 1965 --------------------------------------------------- 4,426 1.628 

Source: US Department of Agriculture. 

The smaller increases in yields of soybeans are due to lack of hybrid vigor 
and lack of responsiveness to nitrogen fertilization. From 1930 to 1960, corn 
acreage in the United States decreased approximately 30 per cent while total 
production increased by nearly 70 per cent. During the last eight years pro
ductivity has further increased. The average corn yield per acre in the United 
States from 1960 to 1964 was 62A bushels. In the years 1965 and 1966, averaged, 
the yield was 72.05 bushels. 

The history of corn breeding is full of forgotten efforts. Both Mexico and 
Brazil started competent corn hybridization programs about the same time as 
the United States. The efforts failed because they did not receive sustained 
support. Seed production and distribution in Mexico has been the responsibility 
of a government agency which has failed to produce either the quantity or 
quality of seed needed. Government agencies generally make poor seed pro
ducers. India is encountering some of these same problems. In Argentina, corn 
hybrids got a bad name because the first hybrids introduced were neither 
adapted to the country nor to the grain markets of Buenos Aires. The magic 
name "hybrid" has been misused in other countries also. 

WORTHWHILE RisKi 

Tet good hybrids sell themselves wherever they are made available to farmers. 
Whether the use of first generation hybrids will extend to the small grains--rice,
wheat, etc.-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 more 
sure of the gain, he may be willing to risk two dollars to gain ten. U.S. farmers 
regularly risk two dollars in pesticides for expected or average ten dollar return. 

Remarkably, considering the wide use and great economic importance of 
hybids, the biological basis for hybrid vigor is not well understood. 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 tools of biochemistry will prove effective. Certainly 
we should expand fundamental research into the nature of heterosis and the 
biology of each important food plant 

OAN POLITICS KEPe TiP WITH TECHNOLGX?-rIEEDING TnE Hure)s 

(By Richard Oritehfield) 

(Mr, Critchfield, authorof The Long Charade, is on leave of awence front,te 
Washington Star to write a book-on o1orld:7rngerprobiems.This articleoriginally 
appearedin The New Republic, October25,1969.) 

Romt-r-"It's new but terrific," said the enthusiastic young French economist 
as we sipped cafe expresso under Rome's sparkling blue October sky. "In four 
years, 34 million acres planted in the new seeds in Asia alone. Incredible Malthus 
may have been right but the crisis in our time will be social not mass starvation. 

"We have been forced to redefine the population problem," his British 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 Europe at the end of the eighteenth century. But -the social disorganiza
tion could be so large-scale as to make it impossible to realize the new production 
possibilities-" 
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As they spoke, one Could look down from the root-top tenrzo of Mussolini's 
old colonial ministry, which today houses the Food and Agricultural Organiza
tion,Adirectly across the via delle Terme di Caracalla, to that supreme assembly of 
Roman ruins: Palatine Hill. Circus Maximus, the Coloseum, the 'orum. The 
memories of great men, the echoes of noble speeches, the sereams of the martyrs, 
the fnal onrush of the barbarians, seem to hang all around them; oddly enough,
the PAO, which has just completed, after six years work, a master plan to avert 
world famine in the 1970s and 1980s, is situated in the very heart of ancient 
Rome. 

The challenge is familiar. Every ten seconds four people die of malnutrition. 
about 100,000 more join the number of earthlings each day. If the present 10 
per cent growth rate holds, the global population of 3.4 billion will double by the 
year 2001. 

For years, the FAO's former director general, Binay Ranjan Sen, an ascetic 
Brahnin from India, kept hammering on these chilling statistics. Sen's message 
was simple and very pessiamistie: mankind was approaching the crisis predicted 
in 1798 by Mplthns, and, wyith the division of wealth broadly coinciding with the 
division of color, the rich nations of the 'West were living uncomfortably clote 
to something like a white man's 1789. 

Sen's PAO colleagues today say his dire predictions were politically cilcnlated 
to transform world attitudes on birth control Except for Pope Paul, irreverently 
referred to as "that old man over on the hill" by FAO staffers (the Vatican is only 
a mile on so down the Tiber), it apparently did. For one, the'State Department's 
Policy Planning Council under Walt Rostow in 1t104 submitted a secret study to 
former President Johnson concluding the Malthusian crisis vopld hic in the mid
1970s. This, widespread monsoon and crop failures gpd fuine in Bihar in 1065 
led to Johnson's "short tether":.policy of doling out American food aid only for a 
few months at a time and tying it to specific action by recipients to curb popula
tion and grow more food. A few leaders, such as Egypt's Nasser, blkred and re
ceived no more grain. 

But elsewhere the result was a wholesale shift in investment priorities toward 
agriculture and adoption of new seeds and methods of cultivation. W.hen favor
able rains came in 1906-6'Tand Asihn harvests rose spectacularly,. a "green revolu
tion" was hailed anlLthere was talk of a few "miracle" rice and wheat seeds end
ing world hunger In-actuality, according to the FAO, less than 20 tons of Asia's 
total annual 250 million ton grain harvest this year-comes from the new varieties. 
Their real importance 'has been as a catalyst, dramatizing to governments the 
technological rewards of 25 years of past investment and encouraging much 
greater spending on agrieutlure. % 

For instance, I can rememben during' the 'height of India's -near-famine'four 
years ago interviewing a 'young Indian seed, technician out on a wheat field at 
Pusa,Agribultural Institute near Delhi, The field was one of the first of ten acres 
ro Te sown-inall -of India with the New Mexican dwarf wheat seed. I was sur
prised and skeptical when he-said, "Fertihzer could solve India's food problem 
within two years Irrigation takes time, but with enough. nitrogen and these new 
Mexican seeds. we could lick the food shortage in a hurry." At that time such 
Young -technicians were voices in the Indian political wilderness; today they are 
not. This year a third of India's 34.6 million acres of wheatland is sown in the 
new varieties; the wheat harvest has ridn 51 percent in four years and India 
now spends 20 percent of its foreign-esehange on fertilizer, 

The new seeds are largely the product of years of patient research by the 
Rockefeller and Ford foupdations, starting with pioneer research in 1943 by 
Norman Borlaug,. J. George fBarrar and other plant breeders in Mexico: they 
eross-bred Mexican wheat, originallrbrought from Spain by Cortez, with dwgrf 
strains from Japan, eventuilly producing a shorter. stockier plant which does not 
fal over under the weight of its own Ylfid. Similar -research folloWed in the 
PhilippineT. 

-'he new seeds have the virtues'of tbe old varieties with hjgher yields and 
responsiveness to fertilizer, are easier to harvest, and above all, are nonseasonal 
Triple-cropping in the same field every year is now well within the capacity of 
millions of Asian farmers. The seeds are not hybrid; an FAO teemician cor
rected me on .this and described them instead as open pollinated, which means 
that 20-percent of seeds sowyn need to be replaced pvery year or they lose their 
strength. Indeed, one FAO plant br'eeder feels strongly there may be real trouble 
ahead unless older, more primitive strains of'wheat and rice are isolated from 
the new varieties and protected fron extinction. 
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So far the new wheat varieties have had real impact only in India, Pakistan 
and Mexico, although Egypt has developed its own high-yielding seed and the 
new Mexican varieties are planted in Afghanistan, Iran, Iraq, Kenya, Nigeria, 
Syria and Ethiopia. In the MTiddle East this summer, though, it was still toneh 
and go; new rusts and diseases appeared for the first tine. 

Rice is in deeper trouble The Philippines is a 1ice expoiter for the irst time 
in history, Ceylon has upped its rke crop 34 percent two years running but mon
soon floods in Indonesia, Thailand and East Pakistan have been found to drown 
the new short-strawed plants, cutting-off their air and sunlight. 

Both the new rice and wheat varieties face consumer problems,; everybody 
from the lurks to the Filipinos has complained about their taste and texture In 
India and Pakistan, the new wheat is selling at a 20 percent discount and IRS, 
the famous first 'miracle rice" has been found too gluey and unappetizing by 
most Southeast Asians, who are rapidly shifting- to other still new&r varieties. 
Nevertheless, the new rice is planted over more than 13 million acres or nearly 
seven percent of South Asia's ricelands and, together with wheat and maize, the 
new varieties now cover 34 million acres or one-tenth of Asia's grain land and its 
best and most fertile tenth. 

This has transformed-at a very fast pace and very unevely-the situation in 
many countries where economic growth has been dismally slow the past 20 years. 
Since the initial impact is to make ridh farmers richer and the poor and landless 
poorer, the social and political changes of the wheat and rice revolution have 
already been far-reaching Last Tanuary, class war struck Tanjore, in south 
India's rice bowl, which had done exceptionally well in raising rice yields With 
more to share, landless tenants began lighting landlords for higher wages 

Some PAO economists believe the new seeds figured significantly in the fall of 
Pakistani President Ayb Khan, West Pakistan has been spectacularly successful 
with both the new rice and wheat on its largely irrigated lands. Steamy East 
Pakistan goes 60 Fercent under water during the monsoon sedson and the new 
short-strawed rice went under too. With DE ast Pakistan's economic stagnation 
more apparent than eter, gangs roanied, killing and looting, the administration 
virtually collapsed and some prosperous farmers who had done well with the new 
seeds ivere condemned by "lieople's cbirts" on the old Chinese pattern. Until the 
army restored ordei, leftist Bengali parties wefe calling f6 a mass uprising and 
seizure of lands. I heard serious talk from both Indians and Pakistanis at the 
FAO of the possibility that Pakistan's growing economic disparity might lead to 
a breakoff of rast Pakistafi and its formationi-*fth India's West Bengal of a. new 
indepenient, leftist and pdssibly ungovernable rejfbblie. 

One gets the 'feeling of living inside a kaleidoscope that has just been given a 
tremendous shake. When the familiar pattern of things is so suddenly changed, 
I suppose it is a common experience not to b6 able to see any pattern at all for a 
moment or two afterwards But at the FAO, under the aegis of A. E. Boerma, a. 
jolly, energetic Dutchman who succeeded Sen two years ago, the stocktaking is 
under way; it is felt patterns are beginning to emerge and that they are not all 
that discouraging at that Boerma, a Keynesian agriculthral economist, sees the 
basic cause of the world food problem as poverty and-sbades of Daniel P. 
Moyniban-believes a "jobs and income" strategy will be necessary to solve it 

Ee describes the main obstacle ahead in the wheat and rice revolution as the 
lack of cash in the pockets of large unemployed masses bf the world's people, a 
lack which translates itself into little effective demand or the markets that would 
motivate peasant farmers to grow more. "It is an almost perfect vicious circle," 
he says, "aggravated by a rapid growth in population, which means yet more 
recruits for the legions of the unemployed." The solution he prescribes is "to 
increase the purchasing power of the impoverished masses, which means increas
ing their incomes and giving them productive work. The first priority, if we are 
going to solve 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 wealthy minorities in the poor countries for 
much better food, especially meat, which far outruns production, forces prices 
upward and puts many protein foods out of the reach of the malnourished masses 
who really need them. 

When Boerma first took over FAO, the Economfat slyly commented that the 
world food situation seemed to have changed along with the FAO's director 
general. This was before the full, impact of the agricultural revolutioh hit 
Western public opinioi early last year. Since then Boerma has undertaken the 
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first major reorganization in FAO's 25 years, trying to replace dead wood with 
green 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 rethink 
the food problem. 

To bring things into focus, Boerma has the FAO concentrating its energies in 
five areas: development of the new wheat and rice varieties, reduction of wastage 
of foods after harvesting (about 10 percent is now lost), an attack on protein 
deficiency, making fuller use of rural manpower and promoting agricultural 
projects that inerpase foreign exchange earnings. 

He also seeks a broader multiple approach to agriculture in most. poor coun
tries, with heavier fertilizer investment, more pesticides and irrigation, trans
port, distribution and storage facilities, more credit and extension services, 
improved trade and price policies and what he calls a "selective espansion" of 
farm output closely tied to internal and international demand. It takes the 
whole package, he feels, to make the agricultural revolution work in any given 
country. 

These ideas are all set forth in the FAO's massive new Indicative 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 delivered 
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 coincide this winter with publication of Sir Robert Jackson's current study 
on wbether the United Nations should take over development as a super multi
lateral 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 biosphere," coming up the year after next. 

Where all this is leading is to a search for an answer to the question Walter 
Lippmann phrased in his 80th birthday warning that "the number of people who 
need to be governed and are involved in governing threatens to exceed man's 
capacity to govern." In Lippmann's words: "This furious multiplication of the 
masses of mankind coincides with the ever-more-imminent threat that because 
we are so ungoverned, we are polluting and destroying the environment in which 
the human race must live. . . . The supreme questionbefore mankind-to which 
I stall not live to know the answer-is how men will be 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 books, ends up with -much the same conclusion: "A continuation 
or acceleration of population growth could well prove Malthus to be right in 
terms of social turmoil if not immediately in terms of famine or disease." 

The problem it starkly sets forth is that if present birthrates of 2.0 percent 
a year continue in the poor countries until 1985 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 countries in 1985 $26 
billion annually to import the food they will need, a clear impossibility since 
they can barely 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
stock. While Afro-Asia's cities would grow astronomically, 400 million of the 
extra 1 billion by 1985 would still-be left in an increasingly destitute countryside. 

FAO's plan to avoid this bleak future, as the IWP simply puts it, is "to make two 
blades of grass grow where only one grew before" through fully harnessing the 
technological revolution to achieve annual growth rates gradually rising from 
8.3 percent to 39 percent. The price tag for the whole 15 years of the plan
fasten your seat belt-is estimated at $110 billion of which $7 billion a year by 
1985 would be required in foreign exchange from the developed countries. 

This is somewhat lower than an $8- to $10 billibn a year given me by British 
economist Barbara Ward some months ago. Miss Ward told me she felt the 
Western nations should start planning now for a development budget for the 
1970s. "Their total GNP will grow by-at least $60 billion each year. That means 
they will add $600 billion to their output by the end of the decade at the 
very minimum. Foreign aid has simply got to go up to the $8 to $10 billion a 
year class if we want to doit in time." 

The IWF's budget is based on the estimate that yearly spending on agricul
ture in -the 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 livestock and buildings, 4 percent fo 
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 
in creating jobs. It proDoses meeting, short-term protein sneeds through vastly 
expanded pork and chicken programs and long-term needs through high
yielding pulses and soybeans and much more widespread cattle-breeding, 
including a shift of all sub-Sahara Africa out of crops and into cattle ranches. 

Foreign aid, while seen increasing, is also predicted to change, with grain 
supplies shipping to high-protein foods and milk, and the major need becoming 
farm machinery, fertilizer and seed processing plant. 

The XWP also makes a plea for a siogle, international aid-coordinating agency 
to set goals, prevent duplication, administer technical and financial assistance 
and work out integrated policies for ploduction, trade and aid. On a short-term 
basis, Boerma, like .the World, Bank's Robert MeNamara, has taken steps to 
involve FAO in both more integrated country analysis on all aspects of the 
economy, not simply agriculture, and in closer coordination of its activities with 
those of other international agencies; he has just established new departments 
for closer relations with -theWorld Bank and with private Industry. 

Largely international administration of-aid, in FAO'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 economic 
dependence of many ex-colonial countries such as Ouba or Mauritius dn a few
export crops of declining value (only -timberand beef are seen having a growing 
market in the West), and to avoid such further pollution of the environment 
as deforestation or misuse of river headwaters., -

Although the IW?, is a strictly technical document, the economists who wrote 
it found it impossible to come up with realistic future projections on agriculture 
without taking social and political implications into Consideration. For instance, 
there seemed to be a consensus among FAO's policy planners that both Western 
and Communist ideologies have been somewhat overtaken by the agricultural
revolution. The general feeling seemed to be that the allegiance of the poor 
countries is likely 'to 'go to whoever can devise at system that allows -the fastest 
economic growth and that both'the West and Communist bloc are starting out 
with majorbandicaps. 

The West, it was said, is saddled with-havihg left blehind in its former colonies 
a ruling pdlitical and intellectual elite educated 'to preserve colonial interests 
rather than spark the entrepreneurial spirit among its .peasant masses on which 
success in the agricultural revolution depends. The Westersi-educated elite, which 
still controls most of the evil administrations and universities in the poor
countries, has proved to be very conservative and has not responded very
imaginatively to technological breakthroughs. 

This would seem to provide in openingto'the Communists, but the FAO officials 
feel they too have been handicapped- by a lack of faith in the transfer of 
technology without the kind of radical social revolution, agrarian reform and 
restructuring of a society that would make it virtually impossible to harness 
the new seeds and methods of cultivation. Russia itself has been forced to play
only a marginal role because of its own comparatively backward agricultural
technology and its rigidity in-trying to transfer its own experience of moving
directly into rapid industrialization without first putting food production on 
a Sound basis, 

China. is another story. The FAO experts feel that should Peking ever offer 
the Chinese'peasantry the material incentives-tha'funtil now have been anathema 
to orthodox Maoism, the mew seeds would have even more spectacular success 
in China's great northern wheat belt than in India and West Pakistan. One 
predicted China could easillhave a surplus of millions of tons of wheat to dump 
on the world market even "after feeding her 750 million. Until this happens it 
is felt the key development in the Communist world is what conclusions are 
drawn when the new 2.5.million acre irrigationf project along the Danube in 
Eastern Europe is soon planted in the iew wheat-varieties. 

Virtually very FAO official I interviewed believes some form of social-Yevolrition 
will follow the -agricultural revolution in all too many of the poor countries. 
Since the new seeds tend to raise a peasant family's income 20 to 30 percent,
the newly emergent commercial farming class is likely to be conservative and 
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provide a base for stable government-providing it includes a big enough minority 
of the population (as it clearly does not in East Bengal). 

The roughest policy qiestion faced by PA.O-bas been whether to advise 
governments to steam right ahead to reach national pioduction goals as fast as 
possible by helping rich farmers or reduce the risk-of violent revolution by trying 
to spread out its investment among the masses of peasants. The policy 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 
reason, is obvious: mankind has no time to -ool around and worry about political 
niceties. 

AN one official said, "We are suddenly faced with a situation in which two-thirds 
of the world's peasants are beginning to become involved in a market economy 
after centuries of subsistence farming and marginal cash incomes. The'peasants 
are respondmg to incentives much more overwhelmingly than anyone foresaw. 
The revolution is coming so fast and is so unprecedented many governments are 
having to make successive. difficult adjustments in a very short period of time. 
It is bard for them because their best people are not in agriculture, they lack 
money and, most critical, many are lacking in imagination. They do not fully 
recognize the seeds of change" 

AoRXOULTURE INKOVATXOA AND ITS IMlOATrONS FOR DoMESTro POLITICAL
 
PATTERNS IN SouTHEAST AsrA
 

(By a Van Thai)
 

(This paper ieas presented for disoussion at a. neeting'of the Southeast Asia 
Development Advisory Group (SEA.DAG), held at Asia House, Now York-COty, 
on .June24-2, 1969. It is reprintedhere through the courtesy of the Hon. Kenneth 
T. Younq. chairman-ofSEADA.G and presidentof theAsia Society.) 

Only three or four years ago a paper on agricultural innovation in .Southeast 
Asia and its implications for domestic political patterns would have been taken 
as a piece 'of utter wishful thinking. Ihnovation.'in the field of agriculture has 
generally been slow to come about the world over. The process which historians 
describe as "The Agricultural Revolution" in Europe, i.e., the wintroduction of 
root crops and clover, was-in fact very slow, taking about thxee hundred years 
to complete; the~early belief that this was a kindrof "great leap forward" which 
was achieved within some thirty years in the beginning of the nineteenth century
has by now been dispelled.' 

As far-as the developing world, and particularly Southeast Asia. is concerned, 
the two decades spanning tpe years from the end of World War II -through 1966 
were characterized by an almost generalized lack of progress and of innovation. 
in the field of agriculture. In Asia since World War ri agricultural output per 
capita has remained below the pre-war level. Food output per capita in Asia 
returned in 1959-60 and1902--63 to the pre-war level, due largely to-the expansion 
of cultivated areas. but then fell below it as it became more difficult to bring-mote 
new land under cultivation.2 Many observers of the developing world predicted 
at that time that, in the face of accelerating population growth., lagging food 
production, and increasing dependence on food aid-while expectations were 
rising-would cause the Third World to experience serious political instability,

The prevailing pessimism could be illustrated by the following quotation: 
If Present trends of population 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 written three years ago, my paper should have been -entitled 
"Agricultural Stagnation and its Politicalmplicatios." 

Now extreme-pessiniiin has quickly given place to a, general trend towards 
optimism bordering sometimes on over-enthusiasm, as people are talking more 
and more of the "Green Revolution" or of "a new agricultural era" in the 
tropical world Lester R. Brown, the administrator of International Agricultural 

'See Brne Kerridge. The AericulturalRevolutpon, London 1967, and B. f. Slicher Tan
Bath. The AgrarinHistory of TsaterL EuropeA D. 500-186D, London 1903.

* FAO, The State of Food and Agroulture,Roma 1965, AsIa is here used as equivalent to 
the FAO classification "Far East" i.e., Asia excluding Mainland China and the Mhddle
East countries3 ForeignPolicy Briefs by Office of Media Service, Bureau of Public Affairs, Washington,
D.C., Vol. XVI, No. 15, January 6, 1967, p. 6. 
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Development Service, U.S. Department of Agriculture, describes this new era in 
these terms: 

"The new era is characterized by explosive increases in production of principal 
crops in the larger developing countries of Asia. The 1968 Pakistan wheatharvest 
was tip 37 per cent over the previous record, possibly an increase without prece
dent in any major country. India's wheat crop this year was up 35 per cent over 
the prevzous record;its total food grain harvest up 12 per cent. Ceylon's rice crop 
1as increased 84 per cent during the past two years. The Philippines with-two 
consecutive dramatic gains in its rice crop, has apparently ended half a century 
of dependence on rice imports. . . . Increases in per acre wheat yields in Paid
stan and India and of rice yields in the Philippines over the past two years anay 
exceed those of the preceding severaldecades. 

"Thus far the most rapid advances have been concentrated In Asia, a region 
containing more than half of the world's people. But countries elsewhere-Mexico 
in Latin America and Kenya and the Ivory Coast in Africa-are also enjoying 
the fruits of modern technology. Within the next several years the agricultural 
revolution 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 heretofore 
have eked out a subsistence living, consuming all they produce. This will broaden 
the market within individual developing countries, greatly enhancing the pros
pect for industrial development "4 

But as hopes and expectations are rising there is also a mounting awareness of 
the long range -problems which are cropping up as a result of this breakthrough 
In a recent article Clifton R. Wharton, Jr. has very well set the question "The 
Green Revolution: Cornucopia or Pandora's Box?" He writes in his introduction: 

"The application of science and technology to traditional agriculture has begun 
to produce dramatic, results, above all in Asia. The rapid expansion of certain 
food grains in the developing 'world is being particularly widely heralded, and 
justly so, as the 'Green Revolution'. On the one hand, some observers now be
lieve that the race between food and population is over, that the new agricultural 
technology constitutes a cornucopia for the developing 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 which 
are far more subtle and difficult than those faced during the development of the 
new technology." 

Among the problems that Dr. Wharton has identified and enumerated, the most 
important in my view is: "What are the political consequences of the green 
revolution ?" 

Will rapid agricultural innovation in Southeast Asia bring about political 
stability or instability? Who, as between Karl Marx and de Tocqueville, will be 
right in 'this case? Is revolution the result of growing poverty or growing pros
perity? Will those optimists who hold that economic progress will result in 
greater satisfaction and increased political stability be right in this case or will 
the "Green Revolution" prove right those who contend that peasants revolt where 
they are better off ? 

Recent events in Pakistan are a reminder that econ6mic progress as repre
sented by a high rate of growth without parallel political development might not 
lead to political stability. In particular, it might be interesting to observe how 
much the "Green Revolution" in East Pakistan has been correlated with the 
demands of East Pakistan for a greater say in the administration of its own 
affairs. 

Has the change in attitudes brought about by the "Green Revolution" made 
farmers more responsive to the nationalist wave in East Pakistan? Has the fact 
that the development of the high yielding varieties in East Pakistan lagged behind 
that of the West played any role in arousing popular discontent? Have specific 
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 discontent? In Europe, al
though as I have pointed out the agricultural revolution did effectively last three 
centuries, progress in the peasants' standard of living, combined with'the changes 

' Lester R Brown, A.New Era iii World Agriculture, presented at the first annual Senator 
Frank Carlson Symposium on World Population and Food Supply, Kansas State University,
Dee. 3, 1968. 

s Clifton R. Wharton, .T, "The Green Revolution: Cornucopia or Pandora's Box?", For
eign AfaIrs, Vol, 47, No. 3, April, 10&9.
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in agrarian structure, did play a role in the spread of the revolutionary wave to 
modernizing rural areas. 

More recently again discontent and turmoil, in rural areas of France, were 
most pronounced in Brittany, where the past decade has brought about a rapid
change from a structure of traditional farming to a structuie of industrial farm
ing with significant increase in land and labor productivity.

Reviewing theories of revolution, Lawrence Stone writes: 
"Fundamental to all analyses, whether by historians like Brinton and Gott

schalk or by political bcientists like Johnson and Eckstein. 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 economic growth, imperial conquest, new 
metaphysical beliefs, and important technological changes are the four com
monest factors involved, in that order. If the process of change is sufficiently
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, alienation, anomie to spread into many sectors of society at once,
causing what Johnson calls multiple dysfunction, which may be all but incurable 
within the existing political system."

One must admit that the "Green Revolution" involves the first and the fourth
criteria as ranked by Stone and that the change might be expected to be rela
tively rapid (at least during the initial phase) and rather profound.

More specifically having in mind the developing countries two economists
Arthur Lewis and iM. Olson a have pointed out that Dre-industrial and industrial 
societies are relatively stable and relatively free from revolutionary disturbances,
while in transitional societies modernization causes instqbility by shifting the
relative importance and status of the various classes, thus generating social
stresses. 

While they implied mainly a process of modernization through industrialization
it is interesting to determine what changes in status and in the basic interest
of different classes the "Green Revolution" is likely to bring about, and what kind
of stresses would result from these changes in the various Asian societies.

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 introduction
of the high yielding varieties has been launched in suitable ecological condi
tions, its development has been more rapid than the most optimistic initial
expectation. 

The rate of expansion is indeed explosive as illustrated by the following table: 

E stimatedZ acreagein lhigh gieldingvarfieties in Asia,' 
Acres1064.-65-------------------------------------------- ---- 019054-------------------------------------------- ------- 37, 000

1966--67 ------------------------------------------- 4,800,000
1967--68 -- ----------------------------------- ----- 20,000,000
1968-69 (goals) ------------------------------------------- 34, 000,000 

Although f14do not underestimate the effects of the vigorous campaigns launched
by the different Asian governments, these are not in my view suflient to explain
the difference in overall behavior of the farmers in this case, when comparedwith previous unsuccessful attempts to bring about innovation in cultivation
techniques. 

OSe Alexis doeTooquevrle, L'Anten Regtme, Oxford 1947, and Crane Brinton, TheAnatomy offllvvo~ution, New York- 1965. 
9Lawrence Stone, "Theories of Revolution", World PoItcs,.Vol. XVII, No. 2, JanuarylO66. p 165. 
8W. Arthur Lewis, Conference Acroes A Oontment, Toronto 1963, pp. 46-60, and M.Olson "Rapid Growth as a Destabilizing Force", Journalof EconomicHiatory, Vol.December 1963, pp. 529-652. III, 
* Dana G. Dalrymple, "Estimated Area of High Yielding Varletie of Grains in Ten AsianNations", International Agricultural Development Service, US. Department of Agriculture,November 1068. 
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In my opinion, the success in the rapid expansion of the high yielding varieties 
shows that the traditional view attributing a stagnant agriculture in developing 
countries to the main following reasons: 

1. the "absorption capacity" of the farmers is low; 
2. the farmers are tradition-bound; 
3. and the farmers are illiterate and subject 'to cultural, and institutional 

restraints, etc.Y 
has to be revised. Restraints of this type do exist and have a retarding influence 
but their effect has been overestimated. The main reasons for a stagnant agri
culture in the past must now be attributed to the fact that there was no nein 
technology available providing investment possibilities with high returns to the 
farmers. We tended to forget that in rural areas of Asia the existing prevailing 
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 to yield high returns in the order of doubling or tripling the 
productivity per acre. 

That we have in the past underestimated the rationality of peasant behavior 
is further corroborated by interviews on the motivation of the farmers for the 
adoption of the new technology. Examples would be the surveys conducted by 
IRRI among Filipino farmers, as indicated in-Tables 1 and 4.1 

Those results show that the change to the new technology waslor the most part 
a deliberate well thought out decision based On sound observation of its many 
shortcomings and its few but essential advantages. External inducement (besides 
price incentives) played a negligible role. Every indication points out that those 
so called "unabsorbative, tradition-bound and illiferate" farmers are more eco
nomic and business-minded than most of their sophisticated-observers would have 
thought a few years ago. It would-be surprising that this awakening of economic 
consciousness would not extend progressively (or rather quickly) into a social 
and political awareliess. 

In my view the emergence of a political -force in the rural areas undergoing 
the "Green Revolution" is all but ineluctable. The questions are only whether the 
political institutions of the country will evolve fast enough to allow for the 
peaceful emergence of this force into the national political fabric, and whether, 
gdvernments would be able to design and implement policies which would solve 
or at least keep under control the problems generated by the unfolding of the 
"Green Revolution". Those problems as enumerated 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 to develop and 
grow in The social structure of a country, thus generating greater social tensions. 

RESULTS OF SURVEYS CONDUCTED BY IRRl AMONG FILIPINO FARMERS 

TABLE 1--REASONS GIVEN FOR THE ADOPTION OF IMPROVED VARIETIES OF RICE, LAGUNA, PHILIPPINES, 1967 
WET SEASON 

Number of farmers 
Number of farmers indicating the single
giving the reasons most important factor 

a. Expected high yield......-..................- ------------- 105 97
 
b. Landlord's decision -------------------------------------------- 55 & 
c. Follow advice of extension worker ---------------------------------- 68 0 
d. Expected high price------------------------ ----..------ - -41 1 
e..Follow advice of neighbor.-...... ---------------------. ------ I11 0 
L Others- _ ___--------------------------- --- 21 6 

Total ----------- ----------------------------------------------------- 110
 
Total number of adopters----...................... --------.............-. ............ 110
 
Total number of responding------____ ........ _------------------------------------ 110
 

m Indus Special Study, "Programme for the Development of Irrigation and Agriculture 
in West Pakistan", May 1966 by Sir Alexander Gibb and Partners. International Land 
Development Consultants, N.V. Hunting Technical Services Limited, London and Arnhem. 

""Agricultural Economicls", Research Programme Outline, a publication of IRRT, Los 
Banos. 
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TABLE 4.-RELATIVE ADVANTAGES BETWEEN NEW VARIETIES VERSus-LOCAL VARIEIES AS REPORTED BY 153 
FARMERS, LAGUNA, PHILIPPINES, 1967 WET SEASON 

Number of farmers reporting 

Item Better Worse Same 

Price------- ------------------------------------------- 14 2Yi-----ld- --- -------- --------------------150 2 1 
Eating quality------------------...... ...-............. _..... -4 144 5
Disease resistance.---------------------------.--------- ... 22 119 12Lodging----------------------------------------------151 2 0
Amount or weeding labor requirement------------------------------7 120 26 

These gaps are going to be twofold: between rich and poor farmers within 
areas where water control and existing facilities 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 "first" 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 watgr management, closer 
access Fto roads and markets-in sum, -thewealthier, 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 a corresponding increase in their n
comes. One indication of this is the large number of new private farm-manage
ment consultant firms In the Philippines which are advising large landlords on 
the use of the new seed varieties and making handsome profits out of their share 
of the increased output. 

As a result of different rates in the diffusion of the new technology, the richer 
farmers will become richer. In fact, it 'may be possible that the more progressive 
farmers 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 
1967-68 consisted of the new dwarf wheats, but they contributed 34 percent of 
the total production. Such a development could well lead to a net reduction in 
the income of the smaller, poorer and less venturesome farmers. This raises mas
sive problems of welfare and equity If only a small fraction of the rural popula
tion moves into the modern century while the bulk remains behind, or perhaps 
even goes backward, the situation will be highly explosive. For example, Tanjore 
district in Mladras, India, has been one of the prize areas where the new high
yield varieties have been successfully promoted. Yet one day last December, 43 
persons were killed in a clash there between the landlords and their landless 
workers, who felt that they were not receiving their proper share of the increased 
prosperity brought by the Green Revolution." 

To the consequences listed 'by Wharton, I would add that in areas where con
ditions do not at present allow the growing of the -high yielding varieties, de
mands for water control will grow stronger and stronger, and they will be made 
more and more in the name of social justice. Whatever the amount 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 increasingly a 
politically loaded matter. 

I'here is also the danger that 'because of the spectacular payoff of the high 
yielding varieties, programs would be conceived exclusively from the point of 
view of maximizing economic returns to the neglect of sociataspects. Tnmyriew 
this will result in growth without-developnment which cannot but engender ten
sions_ and, instability.-

As food production grows and nears the level of self-sufficiency and -thatof 
surplus, the problem of misery in the midst of plenty will become more and more 
acute. Unless countries revise drastically their economic development strategie 
and policies, to give first priority to the objective of creation of employment; and 
unless they take measures to reduce income disparities and to further extend 
incomes to the poorer classes, many people will still go hungry or remain under
fed. At the same time such countries will have growing difficulties in exporting 
limited amounts of surplus in view of the -worldwide spread of the "Green -Revo

* Clifton Wbarton, fr., Op. (tt, pp. 467--S. 
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lution". Thus if internal demand is not enlarged, measures to restrict production 
will have to be adopted. Personally' I think that the problem of production and 
supply and that of effective demand and income could be matched only if an 
industrial revolution is soon to follow the "Green Revolution." This, among
-others, implies that the industrialized countries are willing to revise their pro
tective policies to allow for a redistribution of labor-intensifying activites 
among the developing countries. 

What will be the impact of the "Green Revolution" on the relationship between 
landlords and tenants and on the problem of agrarian reform? As the high yield
ing varieties increase the tenants' income, one of the few useful functions of the 
landlord, that of crop financing, is going progressively to disappear, 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 advisor, will also become marginal as the 
farmer acquires more technical and business know-how with the adoption of the 
new technology. The revising of the share of the crop, depending on whether the 
tenant or the landlord finances the cash inputs, cannot but increase tensions. 
Finally, as returns increase and cultivation becomes more profitable, there will be 
a tendency among landlords to recover for themselves at least part of their lands 
for direct cultivation with mechanized equipment and/or hired labor. 

As in most instances the rent is *basedon a fixed percentage of the-crop, the 
absolute price of the rent will increase as yields increase, and tenants will find 
more and more that they arepayingtoo much to their landlords. 

Thus it is safe to assume that the "Green Revolution" is likely to increase 
tensions between landlords and tenants on the other hand as returns increase, 
pressure on the part of tenants for greater agrarian reform will mount, while 
vested interests to oppose it also increase as ownership of land becomes more 
profitable 

Besides the tensions and instability resulting from the process of moderniza
tion discussed above, I would like also to draw attention on the possible political 
effect of the momentum of the "Green Revolution" itself. According to James O. 
Davis," rapid economic growth produces stresses but so long as the standard of 
living is growing relatively fast enough to keep pace with existing expectations, 
social stresses are not likely to lead to disturbances. The moment of potential 
revolution is reached when growth lags behind expectations, i.e., when a,phase of 
growth is tapering off andsome stagnation or decline is takingjllace. Indeed, as 
Wharton has suggested, one might expect that the'spread of the new technology 
will slow down after the initial explosive take-off : first, once all existing irrigated 
lands have been converted to the new varieties; 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, with respect to economic growth and income, one might expect at some 
stage that the increase in. productivity 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 prospects will dedline, thus depress
ing prices; "gnd,secondly, because governments 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 a kind of vicious dilemma: 
in order to keep 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 dither of these, it 
must mobilize more and more resources from the -agricultural sector; by so do
ing it is slowing down the rate of increase of farmers real income, thus triggering 
discontent. 

All the above might appear overly pessimistic. It would have been far more 
comfortable to discard all the obstacles ahead with the simple notion that more 
material wealth and more food is tantamount to economic growth will result 
in orderly social 'and political development. This would be, in my view, unrealistic 
and dangerous. We bad better face clearly the obstacles ahead tather than 
adopting the position of the ostrich. 

Does this mean that we have to slow down and keep the pace of the "'Green 
Revolution" under prudent control? I do not think so. First, even if we wanted 

" James C. Davis, "Towards a Theory of Revolution", American Sociological Review, 
Vol-XVII. Februar 1962, 
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to. by now hopes and expectations aroused by the first spectacular results of 
"Miracle Rice" are such that A10 political leader can'slow down today's momentum 
without risking serious trouble *Second,both on moral grounds and by necessity, 
we have to win the race between food production and population increase. And, 
like Wharton, I believe that the "Oreen Revolution" will allow us only to earn 
a brief respite in this anguishing race, during which we will have to learn to 
cnrb the world population explosion. Third, realistically we should expect 
turmoil and instability to stay with the Third World, whether it is stagnant or 
developing until it has accomplished the most essential parts of its process of 
modernization. 

I disagree with the view that a 20th century pre-industrial society, if ex
posed to technology and submitted to the products and the policies of industrial-
Ized societies, can be a stable society. The history of the Third World. all over 
Asia, Africa *andLatin America, since the end of World War II, when there was 
neither a "Green" nor an "Industrial" Revolution, was rather formented Polit
ical instability was the rule rather than the exception. My own conviction is 
that political instability resulting from innovation and modernisation -will be 
11 greater than the one created by stagnation and frustration in the past.

But whatever the degree of turmoil ahead of us, it is in my view very important 
to observe that violence and instability in a situation of stagnation are more 
likely to result in a repressioni of the process of modernization of political in
stitutions; while when this happens as a result of rapid growth, the chances 
are enhanced th-at the final result would be some progress in the modernization of 
the political structure of the country.

In a situation of stagnation and underdevelopment, when the attitudes of 
broad categories of the population are still inactive, a change of government
through the breaking of law and order could only result from the competition
for a greater share of Power between the small privileged classes: the military,
the politicians, the bureaucrats, the landlords, the merchants and the intellec
tual elite. This kind of violent competition leads only to the narrowing of the 
control of Power into 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 
few instances; those of the privileged clases frustrated by their elimination from 
Power might attempt to appeal to the most discontented elements of the destitute 
masses in order to launch a guerrilla warfare. This might bring about a long 
p)rocess 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 ruthless and in my view this is also a regression in the 
process of political maturation. 

In contrast to the cases envisaged above, if violence is to erupt in a country 
where the "Green Revolution" is taking place, whatever the initial cause, it is 
likely 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 likely to be either new political institutions allowing for greater participa
tion of the awakened rural classes or else the emergenpe 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 only evidence of its inevi
tability is that it actually happens. Consequently the only way to prove this point
is to indulge in just the kind of hypothetical argument that historians prudently 
try to avoid. But it is still just possible that modernization may take place in 
Morocco and India without revolution, The modernization and industrialization 
of Germany and Britain took place without-revolutionf in the nineteenth century
(though- it can be argued that the latter case was slow by twentieth-century
standards, and that, as is now becoming all to apparent, the modernization was 
far from complete). Some think that a potentially revolutionary situation in 
the United States in the 1930's was avoided by political action. 

Furthermore, as Ekelstein " rightly stresses, in addition to the factors of rapid
social changes discussed above one must consider a second vital element of 
great importance in the development of a revolutionary situation: that is, the 

-Lawrence Stone, Op. Cit., p 166. 
IsfHarry NJekstein, "Internal War" New York, 1964, and "On the -Etiology of Internal 

War." 
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condition and attitude of the entrenched elite. The elite 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 more 'of these features might 
lead the'elite to the fatal course of compounding its errors by intransigence. If 
the elite fails to anticipate the need for reform, if it blocks all peaceful, consti
tutional means of social adjustment, then it unites all the discontented ele
ments into violent opposition. But if it rises to 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 with parallel modernization of 
their rural areas: South Korea -and Nationalist China without being subject to 
political turmoil, at least up to this stage. 

In Nationalist China the arbitrariness of the regime has been greatly reduced 
by the emergence of a. new elite of technocrats whose share in policy formula
tion has been increasing with economic success. Since their weight in the power 
structure depends more on their professional ability than on vested interests, 
the style of the government has become more and more one of service to the 
people.

In Korea the evolution was twofold: there were both the emergence of a group 
of professional bureaucrats and the development of political institutions aillow
ing for greater popular participation. It is significant that during the last presi
dential election, President Park's platform was focused mainly on the Economic 
Development Plan. In both countries 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 political potential of the "Green Revolu
tion" and their readiness to ride on the wave of this Ievolution. I have found 
for instance that the fact that President Marcos made of the "'Miracle,Rice" a 
political issue on which be would stake his political fortune, has on one band 
given a strategic impetus to public and private efforts to expand the new tech
nology and tackle the problems arising from its development; on the other hand 
this has enormously uplifted the political status of the long-neglected peasantry. 

Reading Dr. Celia Castillo's delicious account of "Miracle Rice" as. "produced" 
by the Fihpino press ", I have the impression that "Miracle Rice" has produced 
another miracle, for never has the press of any developing country devoted so 
many of its columns with such passion to the problems and the lot of its rural 
population. May this be the first step in bridging the much publicized "gap" be
tween the cities and the countryside. 

I am myself confident that most leaders with a progressive or an open-minded, 
moderate attitude will rise to the challenge and the opportunities of the "Green 
Revolution". As for those too conservative to readjust to the pressures'6f mod
ernization of the rural aieas, too authoritarian to allow for the emergence of 
a new elite more closely related to the expectations of the masses, they will be 
swept away by the wave of change. 

Asia cannot afford to miss the opportunities of the "Green Revolution" to 
modernize its political institutions and bring about broader participation of its 
rural population in the political process. Even if this is at the cost of violence 
erupting here and there, this will be a moderate price. After all the industrialized 
countries paid a high price of revolutions and wars for their process of political 
modernization. 

Tm: Susn-?araIza REvorrIoN AN LABOR FORCE A3SOltPTION 

By Bruce F. Johnston and John Cownie 

(Bruce Johnstow is professor and economist, Food Reearch Institute, Stan
ford University. John Cownie, asistantprofessor of economics at the Federal 
CGit College, oas a research associate at the Food: ResearlL Institute in 1967
68. TPhe authors wiisk to acknowledge the valuable critoinm,arni suggestions
received from Walter Falcon,TV. 0. Jones,PeterKilby, Eans Palmer,Scott Pear
son, ClarkReynolds, and PeterTimmer. The senior author'sgreatest debts, how

so Gella Tagumpay Castillo, "'Miracle Rlice as 'Produced' by the Press" a paper prepared
for the International Seminar on Communications Media and National Development, University of the Philippines, Diliman, Quezon City November 1903. 
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ever, are to the lute GAulan fokamnad Iwhoe u1ntsually perceptive analyse 
first directed his attention toward West Pakistan's agriculture and to E. H. 
Clark, II, his staccesor as head of the agriculture division of the Pakistan 
Institute of Development Weononics. This article originally appeared in The 
American Economic Review, Volume LIX, No. 4:1, Septmber,1969.) 

The high yielding varieties of rice and wheat that are currently having such a 
dramatic impact on agricultural output in a number of developing countries 
underscore 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 stressed the role of technical change in 
enabling agriculture to make a significant contribution to development. Tech
nologically induced increases in the productivity of the existing on-farm re
sources of labor and land made possible growth in farm output at -rates that 
greatly exceeded the associated increases in inputs [4) [;3] [17] [21]. These 
gains (in agricultural productivity) were of decisive importance in meeting the 
food requirements of expanding populations and in enlarging foreign exchange
earnings. They also made possible the simultaneous growth of industry and 
agriculture, with the more rapid expansion of the nonfarm -sectors leading to the 
transformation of the overwhelmingly agrarian structure of the economies. 

Ourrently there is increasing awareness of the employment implications of 
alternative development strategies. The population exposion, 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 concerned 
with the employment implications of a rapidly growing labor forte in economies 
already characterized by underemployment and unemployment have often recom
mended wage subsidies to accelerate the growth of employment [18]. A program. 
of wage subsidies cum profit taxation poses difficult administrative problems, 
however, and may have other disadvantages [30]. Furthermore. in many de
veloping countries some 60 to 80 percent of the labor force is still employed in 
agriculture; and with rapid growth of the total lbor force, the number of work
ers in agriculture will continue to increase-for decades and even the decline in. 
the relative size of the agricultural labor force will be slow [15, pp. 267-715]. 
Therefore, the most important single factor influencing a developing country's 
ability to absorb a growing labor force into productive employment is the typ
of strategy pursued for developing its agricultural sector. 

L THE SEED-FERTMTZER REVOLUTION 

The labor-using, capital-saving type of approach to agricultural development
pursued in Japan and Taiwan recommends itself because of its implications for
the growth of employment opportunities both in agriculture and in the nonfarm 
sector. Until recently the possibility of pursuing similarly labor-intensive strate
gies of agricultural development in the contemporary underdeveloped countries 
rested very much on an article of faith; it seemed reasonable to infer that the
cumulative progress in agricultural science and in research techniques in the 
developed countries could generate technical innovations adapted to the physical, 
economic, and socio-cultural conditions of other countries. That theoretical 
possibility has now become a reality for the increasing number of less developed 
countries in which new high yielding, fertilizer-responsive varieties are being 
introduced, and where the use of chemical fertilizers is expanding rapidly. 

West Pakistan in particular is in the midst of changes taking place at a truly 
revolutionary pace. Between 1965-66 and 1967-68, the area planted to the Mexi-
can dwarf varieties of wheat increased from 12 thousand acres to an estimated 
2.5 to 3 million acres [6] [223. The rate of spread for IR-, the fist of the 
dwarf varieties of rice to be released by the International. Rice Research Insti
tute in the Philippines,Jhas-been-even more sjpctacular. Since seed requirements 

- - are -unusually smaU for rice, the harvest from but nine thousand acres planted 
to IR--8 in the summer of 1907 provided the seed in 1968 for close to 900 thousand 
acres, more than 25 percent of the total rice acreage in West Pakistan (1) [7]. 

In the Indian Punjab, the spread of high yielding wheat varieties and the rate 
of increase in fertilizer use appears to have been about as rapid as in the Pakis
tani Punjab, and the new varieties are also beginning to have a sigilficant effect 
on production in a number of other Asian and 'Middle E0astern countries. Simi
larly, the new varieties of rice are already having a notable effect on production 
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in the Philippines, Malaysia, India, Indonesia, and trial plantings in Africa and 
in Latin America have shown great promise. 

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 been advanced as optimistic hypotheses. 

(1) The new dwarf varieties of rice and wheat developed for tropical and 
sub-tropical regions can be expected to give a greater yield response per pound 
'of fertilizer. Even more important, the "architecture" of these short, 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 v&rieties begin to show a decrease in yield. Potential yield increases 
are of the order of 50 to 200 percent or moie if the introduction of the dwarf 
varieties is accompanied by higher levels of fertilizer application and certain 
-otherchanges in farm practices. 

Possibilities exist in a still wider range of agro-climatic conditions for similar 
yield increases based on the introduction of high yielding varieties of maize, 
which ranks next to rice and wheat as a dominant staple food To cite two 
African examples, notable results have already been achieved among small
holders in Kenya and Zambia. The immediate prospects for the other major 
grain crops are less promising, although India is achieving noteworthy results 
with millet hybrids, and high yielding sorghum varieties have been developed 
in a number of countries. 

(2) The success of the geneticists and plant breeders in developing variaties-of 
wheat and rice that are not sensitive to differences in day length, and which 
-have built-in adaptability to a wide range of environmental conditions, has 
greatly increased the possibility for international transfers of high yielding va
rieties. This has reduced the time 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 diseases and pests and better suited to the taste prefer
ences of local rice consumers. For wheat, the greatest need is for a continuing 
'breeding program in each area to permit varietal changes as certain varieties 
become vulnerable to the present or new races 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 1946-4T to 40.3 million tons in 1965-66 [32, pp. 134-35] 
[28]. Further highly significant cost reductions and large increases in fertilizer 
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-from 2.3 to 6.7 million tons betweenl955-56 and 1065-66. The prospec
tive increases in capacity and output are especially important for nitrogen; the 
-capital cost of the large scale plants under construction or recently completed 
is nearly 50 percent less than for plants with "the old pre-1963 technology" [8, 
pp. 6--71. It is estimated that world productive capacity for nitrogen fertilizer 
will increase by more tha. 100 percent between 1966 and 1971, potash capacity by 
80 percent, and phosphate capacity by more than 50 percent 

II. 	 THE qUANTITATIVE IMPACT OF TEE SEED-FERTILIZER REVOLUTION: WEST PAKISTAN 
AS AX ILLUSTRATIVE CASE 

The determinants of the level of crop production are so complex that a large 
degree of uncertainty with respect to future increases in output is inevitable. 
Output depends snot 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 
Ire variables in addition to the variety planted and the level of application of 
chemical fertilizers and other current inputs: 

(1) human labor, considering both the stock represented by the farm labor 
force and the flow of labor-inputs; 

(2) nonhuman power inputs; 
(3) the quantity and quality of land inputs as determined by the total culti

vated area and the cropping Intensity; 
(4) water availability, with attention to timing as well as quantity; and 
(5) farming practices. 
The present authors and Bart Duff have made a preliminary attempt to quan

tify the potential impact of the new varieties on agricultural output in West 



Pakistan, using a simple physical projection model for wheat and-rice, the two 
major food-grains in.this region of some 55 million .persons (5]. The physical en
vironment in the predominantly irrigated agriculture of the 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 increase in the supply of irrigation water during the Perspective 
Plan period ending in 1985. Hence it is reasonable to assume that water will be 
available to permit some increase in cropping intensity and the moderate increases 
in application of irrigation water required to exploit high rates of fertilizer 
application. 

TABLE 1.-ALTERNATIVE PROJECTIONS Or GROSS OUTPUT OF FOOD GRAINS IN WEST PAKISTAN I 

[Millions of long tons; rice figures are for clean rice] 

A B 

Low High 

Year Wheat RLce Wheat Rice Wheat Rice 

1984-5.------------------------ 4.2 1.3 4.2 1.3 4 2 1.3 
1969-70---.----------------------- 6.1 2 0 7.1 2.3 7.1 2.3 
1974-75....... . -------- 3.2 4.2 4.3
........... 9.3 11.2 11.6 

197940-.. . .--------.... ......... 13.0 4.9 14.3 5.5 15 1 5 8
 
1984-85 ------------------------- 15.9 62 18,2 7.3 19 7 8 0 

I The underlying assumptions are discussed in151. 

The projection model was used to estimate a set of alternative expansion paths 
based on various assumptions with respect to the rate of spread of the new varie
ties, the rate of increase in use of fertilizers, and grain-fertilizer response co
efficients. The low and high expansion paths shown in Table 1 heading A are, 
respectively, moderately and highly optimistic projections of the output increases 
obtainable within the framework of a bullock-powered agriculture. The high 
projection takes a more optimistic view of the rate at which farmers will respond 
to the availability of the new varieties, and it assumes a greater increase in the 
area planted to wheat and rice. The latter feature is related to a 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 alternative in Table 1 assumes that 
rapid spread of the new varieties would be associated with very rapid tractor 
mechanization, a 15 percent annual increase, or about the rate recommended to 
the West Pakistan government in a recent report by a Ford Foundation con
sultant on mechanization [11]. 

All of the alternatives are related to the assumption that the farm labor force 
will increase by about 42 percent between 1968 and 1985.' This estimate is based 
on a projection of population growth by age group, the 1901 labor force partici
pation rate, and the optimistic assumption that nonfarm employment will con
tinue 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 inputs that is considerably greater than the increase in the farm 
labor force. In Taiwan, for example, an increase in cropping intensity, maade pos
sible by increased availability of controlled, water- supplies, led to a sizable in
crease in farm- labor inputs becaii&e of an increase in the average number of 
working days per member of the farm labor force (17, pp. 93, 99].2 Ghulam Mo
hammad's survey of tubewell and nontubewell farmers in Vest Pakistan indi
cated that the increase in cropping intensity among tubewell farmers was associ

'Given the rapid growth of the total labor force that is in prospect and agriculture's 
Initial share in the total, the actual Increase may well be larger. For a discussion of the 
evidence that suggests that 4.5 percent represents a "high" rate of growth of nonfarn 
employment and of the rationale for estimating the change in the farm labor force as a 
"residual," see [15, pp. 267-751. 

2 Although conditions in Taiwan were not Identical to those in West Pakistan, it is per. 
tinent that the notable increase in multiple cropping In Taiwan was achieved mainly with 
the use of improved bullock-drawn Implements. Even now power tillers are used on only 
about 15 percent of the cultivated area [12]. 
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ated with a substantial increase in the rate of utilization of the existing farm 
labor force and bullock power (19J. 

The assumed increases in area 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 equipment and other inexpensive items 
such as simple rotary threshers supplement the expected increase in the number 
of farm workers and increased rates of utilization of the labor force and bullock 
power. Rapid tractor mechanization as under the B alternative would obviously 
permit more rapid expansion of multiple cropping (provided that water avail
ability is 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. crucial question that 
is not answered by our physical projection model. There can be no doubt about 
the profitability of greatly increased applications of chemical fertilizers unless 
there is a marked deterioration in grain/fertilizer price ratios. However, no 
attempt has been made to assess the influence of future demand on the prices 
of wheat, rice, and competing crops, or to consider other factors influencing 
relative profitability. It is noted later that export demand conditions will be 
critical in determining the economic feasibility of the projected increases in 
output and in dictating the choice of appropriate agricultural development poli
cies in West Pakistan, 

II. POLIoy IMPLICATIONS OF THflf SEED-1ERTILIZER REVOLUTION 

The drastic change in production possibilities resulting from the new seed
fertilizer combinations has led to contradictory conclusions with respect to its 
policy implications. In particular, it has encouraged sharply divergent views con
cerning the choice between an agricultural development strategy that emphasizes 
increasing productivity within the framework of the existmg small-scale agri
culture, and an approach that would give special encouragement to large scala. 
Euts and an early shift from animal draft power to tractor mechanization. 

It is argued heie that the existence of yield-increasing innovations which are
neutral to scale and consistent with the existing systems of small scale agriculture
increases the advantages of the labor-intensive, capital-saving alternative. The
essence of this approach (characterized elsewhere as the "Japanese model" in 
contrast to the "Mexican model" to be discussed shortly) is agricultural develop
ment which preserves a unimodal distribution of arim sizes [15]. Wield-in
creasing innovations and expanded use of fertilizer and other current 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 resources 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 Africa and Latin America as well.3 

Others, however, haVe drawn very different conclusions from the initial suc
cesses of the seed-fertilizer revolution In their view, the introduction of improved
varieties should be accompanied by the rapid expansion of mechanization and 
the replacement of animal draft power by tractors and tractor-drawn equip
ment. In West Pakistan, for example, many agricultural leaders and development
economists are declaring that "'the bullock is obsolete." Although it is obviously
not admitted, prescribing all-out tractor mechanization under these conditions 
is equivalent to advocating development according to the "Mexican model," 
i.e., a farm economy characterized by a dual-size structure with increases in 
output and commercial sales concentrated in a small subsector of large scale, 
capital-intensive farm operators.

Such views take on considerable importance because there is a strong likeli
hood that the seed-fertilizer revolution will give an impetus to premature tractor 
-mechanization. The rapid initial increase in cash income, especially in Pakistan,
India, and other countries where rapid import substitution is taking place, in
creases the ability and the incentive to invest in such equipment. In economies 

I In a paper that is of considerable interest because of its perceptive pialysls of theImportance of training programs andr development of the managerial skills of farmers, JonAforis notes that the agricultural strategy that ". . . appears to be the emerging type inBast Africa . . . Is the pattern which Japan followed historically" [20, p. 323]. 
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in which little structural transformation has occurred and the absolute size of 
the farm labor force is increasing rapidly, investment in tractor 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 than the marginal produc
tivity of the labor that is displaced. The social costs of exacerbating problems 
of underemployment and unemployment do not enter into their 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 productive inputs and accentuate the discrepancy between private 
and social returns. In a number of countries, a sharply differentiated tariff struc
ture with low or zero import duties on tractors, often associated with overvalued 
exchange rates and programs of subsidized government credit, alters relative 
factor prices and encourages tractor mechanization. 

Explicit attention to the interdependencies between the farm and nonfarm 
sectors of a developing economy is especially important in throwing light on the 
complex but critical problem of 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 force in 
agriculture and the rest of the economy; (2) the interdependence between farm 
cash income and the use of purchased inputs; and (3) the impact on overall 
economic growth of alternative strategies for agricultural development 

(1) 	 Interrelationsbetween grotothof poptilationa'ed laborforce arn4agricultural 
development strategy 

The contrast between East and West Pakistan in the extent to which structural 
change has led to a decline in agriculture's share of the total labor force, more 
or less brackets the prospects facing many of the developing countries. In West 
Pakistan, phenomenally rapid expansion of non-agricultural investment and out
put between 1951 and 1901 was associated with rapid growth in nonfarm em
ployment, and the share of agriculture in the total labor force declined from 65 
to 59 percent 13, p. 385]. Nonfarm employment increased at a rate of about 4 5 
percent per annum, a rate which, in the post World War II period, appears to 
have been exceeded only by Taiwan 115, p. 274]. It 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 Pakistan will continue to grow at 4 5 percent until 1085, the farm labor force 
would still register an increase from 7.4 million to 122 million. In East Pakistan, 
where Partition adversely affected economic expansion, nonfarm employment 
grew so slowly between 1951 and 1901 that agriculture still represented 85 percent 
of the labor force in the latter year- Even with substantial 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 East Pakistan where farm 
units are already excessively small. 

(2) 	 TIterdependence between farm cash income and the use of purchasedinputs 
The level of farm cash income sets an upper limit on the agricultural sector's 

purchases of off-farm inputs, although the time pattern of this constraint 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 inputs by the average farm unit is necessarily limited. If the agricul
tural sector is to maximize output, cash income 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, iadthey are comple
mentary- to -the-relativelf aTundaut farm-supplied inputs of labor and land. If 
agricultural development proceeds along the lines of the "Mexican model," it is 
Possible for a relatively small group of large scale farmers to employ capital
intensive methods. But the establishment of a subsector of large scale units that 
could satisfy a major part of the commercial demand would mean that the 
average size of the remaining farm units 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 occurred which accounts for the fact 
that agricultural exports represent the major source of farm cash income in 
many under-developed countries Where scope 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 transformation of the domestic economy. In countries 
such as India and Pakistan that have been covering food deficits by sizable im
ports (especially P.L. 480 shipments from the U.S.), import substitution offers 
the possibility of a rapid rise in domestic farm incomes until self-sufficiency is 
reached. The possibilities of import substitution in West Pakistan will, however, 
soon be exhausted, and the only circumstance that would make it economically
feasible to exploit the full potential of the new varieties of wheat and rice during
the Perspective Plan period would be a world market situation that permitted a 
huge expansion of exports of these commodities. Clearly, the critical question
is whether the increase in effective demand for agricultural products will be 
sufficient to justify large investments in mechanization to achieve a rate of 
growth of output even more rapid than that obtainable by the widespread intro
duction of yield-increasiug innovations within a buliock-powered agriculture. 

TABLE 2-FO00DGRAINS IN WEST PA1iSTAlt SUPPLY AND DOMESTIC DEMANDI 

[Milkons of long tons] 

Wheat Rice 

Low A Projected Low A Projected
Year supply demand supply demand 

1964-5-------- .__........-------------- 4 8 1.3 1.0
_ 4.2 
1969-70 ---.------------------------------ --.-- 5.8 2.0 1.2. 6.1 
1974-75 -.------------------------------------- 9.3 7.2 3 2 1.5 
1979-80- . .-... . ...... 8.0 4.9 1.8.------------------------. 13.0 
1984-85.-------------.---------.-------------- 159 10.3 6.2 2.1 

'Output projections from table 1. Growth of demand at 4.1 percent per year is assumed through 1970-71. Annual 
growth rate then tapers off to 3.5 percent by 198445. See [5]. 

Prospective increases in domestic consumption of wheat and rice 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 startling conclusion emerges. Recommendations for rapid tractor 
mechanization 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 accept a highly optimis
tic assessment of Pakistan's foodgrain export prospects to argue that the large
outlays for current inputs associated with all the expansion paths should be atg
mented by the heavy outlays of capital and foreign exchange to realize the even 
larger exports that could be attained with the B alternative of Table 1. 

Against a background of concern with India's acute food shortages in 1965-66 
and 1966-67 and predictions of an impending world food crisis, it is not 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 revised world 
projections of import demands and exportable surpluses that take account of the 
magnitude of the potential impact of the seed-fertilizer revolution. Indeed, in 
the projections currently available, West Pakistan itself is included among the 
underdeveloped countries expected to be faced with growing food deficits [31] 
183].

In spite of the great uncertainty concerning future export demand and prices,
it is no doubt wise for developing countries with a potential for low-cost expan
sion of grain exports to exploit this opportunity to enlarge their foreign exchange
earnings so long as exports are reasonably remunerative. Choice of measures to 
achieve expanded grain production should, however, take 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 respect to grain export prospects, the presumption is strong that the 
returns to investing capital and foreign exchange in rapid mechanization would 
be less than the returns obtainable from alternative uses of these resources.' 

' Important policy issues not examined here include that of deterining the optimal
product mix in agrieulture, given the potential for increaaed output made possible by the new production functions Major attention needs to be given to the possibility that an
optimal expansion path would involve a shift away from the present heavy emphasis on
cereal crops toward products (livestock, vegetables, fruit) with higher income elasticities of 
demand and the potential to upgrade the quality of Pakistani diets 
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The case for rapid tractor mechanization in Pakistan is not conclusive even if 
one accepts a highly favorable assessment of future demand conditions. An 
increase 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 limited because commercial farmers cannot 
be expected to employ workers beyond the point where their marginal produc
tivity is equal to the wage rate, Most of the expected increase in the farm labor 
force would presumably have to be absorbed by the small scale, bullock-oriented 
subsector where family members join the labor force even though their marginal 
product may be less than the average product that they consume. Because of 
the sizable increase in the tractor-commanded area, a substantially increased 
labor force in this self-employment subsector would be concentrated on a reduced 
farming area. Such a. situation, shown hypothetically in Table 3 on the basis of 
the B expansion path of Table 1, would involve social costs that might well 
anake this option undesirable even if export demand prospects made it economi
cally attractive. 

'TABLE 3-POLARIZATION OF WEST PAKISTAN'S AGRICULTURAL LABOR FORCE CAUSED BY A STRATEGY OF 
AGRICULTURAL DEVELOPMENT EMPLOYrNG AN ASSUmED 15 PERCENT ANNUAL INCREASE IN TRACTOR 
UNITS1 

Total farm 

Labor 
employed 

on tractor 

Labor 
employed Tractor-

on bullock commanded 
Buffock-

commanded 

Land/labor 
ratio on 
bullock 

Percentof 
farm labor 

force on 
labor force units units acres acres units tractor 

Year (mllious) (millions) (millions) (millions) (millions) (acres/man) units 

(1) (2) (3) (4) (5) (6) (7) 

1965...-------------- ' 8.205 .084 8.121 1,050 33 039 4 068 1.02 
1970. ----------------- 9.026 169 8.857 2.112 34.135 3.854 1 87 
1975 ----------------- 9.987 ,340 9 647 4.248 35 743 3.705 3 40 
1980. ..---------------- 11 120 .684 10.436 8.544 35 376 3.424 6 15 
1985.----.------------ 12.249 1 375 10.874 17.185 32004 2,943 11.22 

' Assumptions The labor force on tractor units shown in col.(2) is estimated at 8 men per 100 acres using the acreage
frigres in coL. (4). Bullock-commanded acres consist of those utilizing improved and traditional cultural practices and 
equipment Labor force estimates based on Bose 131Land area based on the projection under alternative B,table 1 

The size of the total farm labor force is assumed to be the same inall 3 alternatives since it is computed as a residual 
on the basis of the estimated growth of the total laborforceand an annual mcrease of nonfairm employment of 45 percent 
The figures in cl. (3) above, labor employed on bullock units, are also computed as a residual by subtracting coL. (2)
from col. (1). 

(8) 	 Agricultural development strategies and their impact on overall economic 
growcth 

Choice of an efficiept strategy for agricultural development 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 composition of farm demand for 
manufactured inputs and consumer's goods, and on the extent to which this de
mand is satisfied by domestic production. In addition, the degree to which the 
agricultural sector can be expected to make a net contribution to the capital re
quirements for infrastructure, industrial expansion, and the development of edu
cational and other institutions will itself he strongly influenced by the strategy
for agricultural development that is pursued. 

The increase in demand for farm inputs by large scale, capital-intensive units 
effecting agricultural development within a dual-size structure will to a large 
extent be directed toward imports of farm machinery, Even if local assembly 
plants are established; the foreign' echange requirements for imported com
ponents will be large. The effect on domestic value-added and on nonfarm em
ployment will be small. Conversely, a pattern of agricultural development simi
lar to that pursued in Japan or Taiwan maxinizes the positive interactions be
tween the farm and domestic manufacturing sectors. It means a large increase in 
demand for simple, inexpensive farm equipment that is well suited to local 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 illustration of the interaction between the nature of the farm 
sector's demand for farm inputs and the resulting impact on domestic manufac
turing output and employment is offered by the recent experience with the rapid
expansion of tubewells in West Pakistan. There has been a parallel development 
of relatively large-bore public tubewells and of smaller capacity private tube
wells. The latter have had a much greater total effect on the supply of irriga
tion water, and whereas the public program hap relied mainly on imported equip
ment, the private tubewells have used pumps, diesel engines, coir string strainers, 
and-other items of simple design produced in machine shops in rural areas. Many 
of these firms have expanded their activity and the range of products fabricated 
at a remarkably rapid rate JD]. 

An even more significant potential exists for the development of local manu
facture of a widening range of improved farm implements cheap enough to enter 
into widespread use. Efforts in Pakistan and India to replace the traditional "stick 
plow" with an improved furrow-turning plow earlier met with only limited suc
cess, but the rise in farm cash income is increasing the ability of farmers to pur
cbase such inputs. Moreover, the yield advantage of adequate 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 
has sharply increased the attractiveness of this type of innovation? 

An agricultural development strategy that would generate demand for simple 
and low cost equipment that lends itself to widespread adoption is attractive for 
two reasons. Such, capital inputs complement abundant farm labor rather than 
effecting mass displacement of farm workers. Secondly, the inputs themselves 
can be manufactured by small and -medium scale firms that employ fairly capital
saving, labor-intensive techniques. Economies of scale are relatively unimportant 
in the metal-working operations required for such items and can be offset easily
by the lower wage rates that prevail in -what Ohkawa has aptly termed the 
'semi-modern sector" of industry [23]0 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 stiucture of industry in 
developing countries characterized by an abundance of labor and scarcity of capi
tal [25, p. 382). In addition to the advantages secured by the use of appropriate
factor proportions, this concurrent development of small and medium scale firms 
has the further advantage of making it possible to tap sources of capital and 
entrepreneurial talent that the modern, large scale sector is not capable of 
mobilizing. 

The seed-fertilizer revolution has more general implications with respect to 
the intersectoral flows of capital between agriculture and nonagriculture. The 
most immediate fiscal impact in Pakistan, 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 signiftcant increase in 
the taxable capacity of the agricultural sector, the present tar structures are 
nbt income-elastic, and politically difficult decisions will have to be made in 
order to secure these offsetting increases in government revenues. 

T. H. Lee's meticulous analysis [17] makes it clear that in Taiwan a net out
flow of fundsfrom agriculture contributed to capital formation and infrastruc
tural investment in other sectors of the economy. But he emphasizes that the 
gross inflow of funds to finance key projects in agriculture was also of critical 
importance. For a number of developing countries, substantial investments in 
irrigation and drainage will be required to tealize the potential benefits of the 
new varieties and heavier use of fertilizers. Ruttan and Ishikawa have even 
argued that because of the magnitude of the agricultural investments required 
to expand output to meet the requirements of a rapidly growing population, 
the agricultural sector in contemporary developing countries may require a sus

s Programs to screen, test, and design prototypes of promising items and to carry out 
market feasibility studies and to organize farm demonstrations could accelerate the devel
opment See [21]. A sharp distinction should be made between such programs to encouragethe emergence of viable units which use limited but tppropriate capital equipment and an 
employment-relxef program such as India's scheme to foster Land-operated spinningmachines (the Ambar Charkha) that use more capital per unit of output than a modern 
mill [29, pp. 20, 2421. 

0 The tpe of dual structure to which Okawa refers Is widely characteristic of the
industri sector in developing countries as different as Tapan and Nigeria For the latter,see [10] and [16J. 
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tained net. inflow of capital from the industrial sector -[27, p. 22] (14, Ch. 4]. If 
valid, this would be a gloomy conclusion indeed, since rapid population growth 
also increases the capital requirements for structural transformation. 

Perhaps the most significant single implication of the seed-fertilizer revolu
tion is that the-capital requirements for a given rate of increase in agricultural 
production can be reduced. The much more favorable input-output relationships 
now available imply that the expansion of irrigated area need not .be -as rapid 
as would otherwise, be arequired, and that the benefit-cost ratios of irrigation 
investments can be much more favorable. 

TV. CONOLIDING COMMENTS 

The spectacular successes achieved by agricultural scientists and the world 
fertilizer 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 
:e 7maiageable. Over the next two or three decades, the improved 'production 
possibilities' resulting from the seed-fertilizer revolution offer the hope of rapid. 
and relatively low cost increases in agricultural output; and these can be 
achieved byan intensiflcation.of agricultural production which offers the pos
'sibility bf absorbing a considerable fraction of the growing labor force into. 
pioductive employment. 

*This onefusion is especially-significant for countries in which the transforma
tiondf-the economic structure has been limited, where the farm labor force still 
bulks faige in the total .and will continue to increase.in absolute size for several 
decaae at least. In the light of the sectoral interdependence betiveen agricul
ture 'id nonagriculture ii the process of economic growth, the advantages of' 
a' broad thiust, unimodal approach to agricultural development, similar to the 
pattern pursued in Japan and Taiwan, appear to be very great for such coun
tries.' What remains unclear is the actual mix of policies needed to influence 
the pattern of agricultural development in the desired direction. Certain policy 
implications seem fairly evident: for example, confining government subsidies 
on farm inputs 'to items that are essentially complementary to the abundant 
on-farm resources, and imposing import duties and taxes on inputs that are 
unduly labor displacing. Much needs tobe done, however, in developing analytical 
techniques for quantifying such judgments. There is an acute need to determine 
whether, in a particular situation, 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 investment in such inputs reflect 
their social marginal productivity. Although many countries need to devise 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 without blighting the devel
opment of agriculture. 

There is also a need for better understanding of the effects of alternative poli
cies relating to land tenure and taxation on the pattern of agriculturaldevelop
meuL What accounts for the fact that in Japan and Taiwan management units 
in agriculture were uniformly small, in spite of the fact that both countrieshad 
a highly skewed pattern of land ownership during their critical periods of agri
cultural development? There -do not appear to have been any attempts to' ac
count for the very different pattern that prevails in much of India and Paki
stan, where large land holdings have often been operated as large management 
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 
and to hire fewer workers or to move their tenants off the land that they are now 
renting. Efficient implementation of land reform measures that put ,aeiling,-olm 
farm holdings would presumably .encourage a -patternof"i4cultural develop
ment similar -tothatpursuHd in Japan and Taiwan. In fact, the very linfited 
and -unstablechanges 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 
accentuate a trend toward a bimodal pattern of agricultural development that will 

7A broadly based approach may also yield important indirect benefits, It has been argued
elsewhere that widespread involvement of the farmpopulation in the dynamics of the seed
fertilizer revolution Is likely to create an environment more propitious for the spread of
 
family planning than that which could be expected If the espansion of farm output and
 
sales were concentrated in a subsector of large scale, capital-intensive units [15, p. 2851.
 

http:increase.in
http:intensiflcation.of
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create social problems more serious than those associated with the high rental 
payments that farmers -are prepared to pay when there is excess demand for land. 

Implicit in the present analysis is the view that wage subsidies are not a 
promising policy instrument for accelerating employment. In large scale, capital
intensive industries, such as nitrogen fertilizer production, the elasticity 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 difficult to ad
minister such a program among the small scale firms of the "semi-modern sector" 
of industry which, in fact, normally pay lower wage rates because of a differen
tiated salary structure. Enthusiasm for a program of wage subsidies -thatwould 
lead to endorsement of large corporate farms as a major element of agricultural 
strategy (because such farms might make the administration of wage soabsi
dies feasible in the farm sector) would certainly seem to be misguided in light of 
the present analysis. 

It is already apparent that the seed-fertilizer revolution has given important 
breathing space with respect to the food supply problems associated with rapid 
population growth. The present opportunities, however, are the result of a. dis
equilibrium situation. A significant part of the cumulative advance in agricultural 
science and in fertilizer production technologies has-quite abruptly become acces
sible to many of the tropical 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 in, 
West Pakistan .this.may well have taken place by 1985, the further opportunities 
for rapid and low cost increases in farm output will probably be much more 
limited. It is important that the present opportunities be exploited in ways that 
will have a maximum positive impact on overall economic growth and modern
ization. 
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TE.E GEEN REvoLuTION: CoRnUCoPIA OF PANDORA'S Box? 

By Clifton . Wharton, Jr. 

(Dr. Wharton.is the former vice president of the AgriculturalDevelopment 
Council of New York who recently was named president of, Michigan. State 
UniversftV, Lansing. This articleis reprinted bN special permissionfrom Foreign 
Affairs, April, 1969. Copyright by the Council an Foreign Relations, Inc., New 
York.) 

The application of science and technology to traditionaLagriculture has begun 
to produce dramatic results, above all in, Asia. The rapid expansion of certain 
food grains i the developing world is being particularly widely heralded, and 
justly so, as the "Green Revolution." The discussion of the phenomenon tends to 
cluster around two views. On the one hand, some observers now 'believe that 
the race between food and population is over, that the new agricultural tech
nology constitutes a cornucopia for the developing 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 which 
are far more subtle and difficult than those faced during the development of 
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the new technology. It is important to give careful attention and critical analy
sis to both interpretations in order to be opimistic about the promise of the 
Green Revolution where justified, and at the same time to prepare for the 
pxoblems that are now emerging. The Green Revolution offers an unparalleled 
opportunity 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 known that major technological breakthroughs in food 
production are believed to have lifted the spectre of famine in the immediate 
future and to have postponed the prospect of Malthusian population disaster. 
Startling developments have been accomplished in wheat, rice and corn-major 
food staples in much of the developing world. The possibilities for doubling 
or even tripling production are based upon new high-yield varieties coupled 
with adequate supplies of water, fertilizer, pesticides and modern equipment. 
Overnaght, the imaie of agriculture in the developing countries has changed 
from that ,of an economic backwater to that of a major potential contributor 
to overall development. The new varieties aie rapidly spreading both within 
,countries and across national boundaries. A recent estimate of the Interna
tional Agricultural Development Service of the U.S. Department of Agriculture
reveals that in Asia alone the estimated acreage planted with these new high
yield varieties rose from 200 acres in 1964--6 to 20 million in 1967-68. Traditional 
food-importing nations like the Philippines and Pakistan are becoming self
sufficient and have the prospect of becoming net food exporters, 

It will be no easy task to achieve the potential increased production offered 
by the new technology, particularly when it involves millions upon millions of 
diverse farms and farmers scattered over the countryside. If the increased 
production is in fact obtained, this will automatically produce a whole new 
set of second-generation problems which must be faced it development is to be 
sustained and accelerated. Therefore, two considerations need to be borne 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 out of the spread of the new technology, whatever its speed, needs to 
be foreseen and acted upon now. The probable developments in each ease have 
the greatest significance for economic growth and for the conduct of interna
tional relations. -

II 

The reasons for believing that the new teclology will not in fact spread 
nearly as widely or as xapidly as supposed and predicted include, first, the fact 
that the availability of irrigated land imposes at least a short-run limit to the 
spread of the new high-yield varieties. Most of these require irrigation and 
careful water control throughout the growing cycle. In most Asian countries 
about one-fourth to one-half of the rice lands are irrigated; the remainder are 
dependent upon monsoons and seasonal rains. The speed with which additional 
land can be 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 can seriously strain the investment capacity 
of developing nations. For example, the massive Mekong River development 
scheme, involving Laos, Cambodia, Viet Nam and Thailand, has been estimated 
to require a capital investment over the next 20 years of about $2 billion, 
roughly 35 percent of the annual national income of the tour countries involved 
and exceeding the annual net new investment of all the countries of Southeast 
Asia combined. Further, significant additional costs are involved in converting
existing irrigation systems to the requirements of modern agriculture Many 
of the old gravity irrigation systems were not designed to provide the sophis, 
ticated water controls demanded by the new varieties. (Por example, each plot 
must be controlled separately throughout the growing season.) 

Second, there are doubts about the ability of existing markets to handle the 
increased product. Storage facilities and transport are inadequate and crop 
grading often delicient. Not only must the marketing system be expanded to 
handle a larger output; there also is an increased need for farm supplies and 
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equipment. Fertilizers, pesticides and insecticides must be available in the right
quantities, at the right times, and in the right places: Given the inadequacy 
of the agricultural infrastructure, the need to expand and modernize marketing 
systems is likely to reduce the pace of the Revolution. 

Because many of the new varieties, especially rice, do not appeal to the 
tastes of most consumers, it is difficult to calculate the size of the market. 
Some argue that until newer varieties which are closer to popular tastes are 
developed, the market will be limited. 

Third, the adoption of the new technology is likely to be much slower where 
the crop is a basic food staple, grown by a farmer fdr family consumption. Such 
farmers are understandably reluctant to experiment with the very survival of 
their families. Peasant producers are obviously far more numerous in the de
veloping world than are commercial farmers and the task of converting them to 
a more modern technology is considerably more difficult. So far, spectacular re
sults have been achieved primarily among the relatively large commercial 
farmers. Some semi-subsistence farmers have begun to grow the new varieties, 
but the rate at which they adopt them may be slower. 

Fourth, farmers must learn new farming skills and expertise of a higher order 
than was needed in traditional methods of cultivation. The new agronomic re
quirements are quite different as regards planting dates and planting depths; 
fertilizer rates and timing; insecticide, pesticide and fungicide applications; 
watering and many others. Unless appropriate extension measures are taken to 
educate farmers 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 ebmes 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 pattern conflicts with religious or traditional holidays which have 
grown up around the customary agricultural cycles. 

Sixth, failure to make significant institutional reforms may well be a handi
cap. There is evidence in several Latin American countries that a failure to make 
needed changes in policies now detrimental to agriculture, or a reluctance to 
effectuate the institutional reforms required to give real economic incentives to 
small farmers and tenants, has been primarily responsible for the very slow 
spread of Mexico's success with new varieties of wheat and corn to its neighbors 
to the south-

From all this one may deduce that the "first" or "early" adopters of the new 
technology will be in regions which are already more advanced, literate, re
sponsive and progressive and which have better soil, better water management, 
closer access 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 a corresponding increase in their 
incomes. One indication of this is the large number of new private farm-manage
ment consultant firms in the Philippines which are advising large landlords on 
the use of the new seed varieties and making handsome profits out of their share 
of the increased output. -

As a result of different rates in the diffusion of the new technology, the richer 
farmers will become richer. In fact, it may be possible that the more progressive 
farmers will capture food markets previously served by the smaller semi-sub
sistence producer. In India, only 20 percent of the total area planted to wheat in 
19)7-68 consisted of the new dwarf wheats, but they contributed 34 percent of 
the total production. Such a development could well lead to a net reduction in 
the income of the smaller, poorer and less venturesome -farm-frs. This raises 
massive .problems-of welfare Aiid equity. If only a small fraction of the rural 
population moves into the modern century while the bulk remains behind, or per
haps even goes backward, the situation will be highly explosive. For example,
Tanjore district in Madras, India, has been one of the prize areas where the 
new high-yield varieties have been successfully promoted. Yet one day last 
December, 43 persons were -killed in a clash there between the landlords and 
their landless workers, who felt that they were not receiving their proper share 
of the increased prosperity brought by the Green Revolution. 
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Other experts argue that the new technology's stimulus to production and 
income cannot be stemmed. It 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 set a goal of 32.5 million acres by 1970-71; last years crop season 
saw IS million acres already planted, which contributed to the most successful 
year in recent Indian agricultural history (some 100 million tons of food grains, 
11 million over the previous record year of 1964--65). Self-sufficiency in food 
grains is predicted in three or four years. Other countries are experiencing simi
lar situations where the demand for the new seeds is outstripping the available 
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 increased production will in 
turn lead to a new set of difficulties. First, large tracts planted in one of the 
new varieties may be susceptible to disease and infestation which could cause 
massive losses Heretofore, reliance upon seed selected by individual farmers 
meant that neighboring farms growing the same crop usually planted two or more 
different varieties or strains.This heterogeneity provided a built-in protection 
against widespread plant diseases, since not all varieties are equally susceptible. 
But where a single variety is introduced, covering large contiguous areas, the 
dangers of pathologic susceptibility are multiplied. For example, the new wheat 
introduced from Mexico into the Indo-Gangetic belt in India and Pakistan has 
involved a small range of genotypes-and the same has been true in Iran, Turkey
and certain Middle DElasteri countries. Any change in the spectrum of races of 
wheat rust in any of these countries could threaten the wheat crop on a massive 
scale, since it would involve the entire area. 

Two steps are necessary to avoid these dangers: first, a diversified breeding 
program which can continually produce new varieties; second, an able and well 
organied plant protection service which can quickly identify dangerous out
breaks and initiate prompt steps to combat them Both activities must rely Dri
marily upon national organizations rather than the regional or international 
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 
muade sufficiently aware. Aid givers-public and private--who are responsible 
for promoting the new varieties bear an equal responsibility to promote in
digenous research and plant protection services The outbreak of any major 
disease which wipes out the harvest of thousands of farmers is far more likely 
to be blamed on the producers and spreaders of the miracle seed than on Fate. 
.Agricultural development could the set back several decades. 

Second, it is vitally important to expand the entire complex of services and 
industries required to achieve the higher production. 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 
-courting political disaster; unless these inputs are available and used, some LocAl, 
traditional varieties will outyield the new ones. A seed industry, agricultural 
chemical plants, processing and storage firms, factories producing hand sprayers, 
dusters, water pumps and engines-these are just a few of the agriculturally
related industries which must develop if the Revolution is to take hold. 

The skills and the capital needed cannot be provided solely by the public sector. 
Private capital 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 government agencies serve as the major or sole distributor of the 
required inputs. Private industry, especially American, has stepped in to pro
vide a new, more dynamic pattern of distribution. In the Philippines, for ex
ample, ESSO has become a major distributor of fertilizer and agricultural chemi
cals. Frequently, such ventures have involved links with local firms. In India, 
the International Minerals and Chemicals Corporation, with the 'Standard Oil 
Company of California, built a fertlizer plant with a yearly capacity of 365,000 
tons; the T:S. firms provide the management but control is held by an Indian 
firm. Storage silos, seed multiplication firms and even integrated farm-to-retail 
firms are just a few of the activities where private U.S. resources are being
harnessed to serve the Green Revolution. 

Equally important are -theincreased farm services which are required, par
ticularly agricultural credit For eiample, from studies conducted at the Inter
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national Rice, Research Institute, it is estimated that whereas the total cash 
costs of production for the average Filipino rice farmer using .traditional meth
ods and varieties is about $20 per hectare, the cost rises to $220 when the new, 
high-yielding IR-8 is grown. Although the yield may increase threefold, leading 
to a net return four times greater than with traditional varieties, the farmer 
must have access to substantially greater credit to finance his operations- Espe
cially for the poorer farmers with low cash reserves, who may want to adopt the 
new varieties, the village moneylender and merchant will not be adequate unless 
they in turn have access to additional funds. Indeed, the Green Revolution must 
be acdompanied both by an increase in the amount of credit available and by the 
expansion and modernization of credit institutions and mechanisms. Tapping 
the capital markets in the modern urban sector must be encouraged, and ways 
must be found at the village level to mobilize local capital, especially the in
creased savings which are possible from higher farm incomes. The Green Revo
lution will generate increased cash which, if-properly marshalled, can contribute 
to capital-formation and agricultural progress. 

Third, 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 upon the marketed product is even greater than on total production. If 
the crop is a food staple and if the peasant farm family traditionally consumes 
some 70 to80 percent of its total product each year, a doubling of output does 
not lead to a doubling in the amount retained for family consumption. Some mod
est increase in consumption is likely, but the bulk of the increased production 
will enter-the market Thus a doubling in yields in a semi-subsistence agriculture 
usually leads to much more than a doubling of the amount sold. 

The impact of this explosive increase upon the traditional marketing network 
and storage capacity can be calamitous. The case of India, is illustrative. 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 cope 
with it The result can be seen in the mountains of food-grain stored in schools 
and in the open air under conditions which are apt to reduce if not negate the 
gains. The food-deficit psychology which underlies the failure of planners and 
policymakers to anticipate these results is not limited to the developing nations-
Aid 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 promoting the new technology. 

Fourth, the slowness with which the food-deficit psychology dies also has an 
important consequence in terms of government -pricing policies. The fact that 
agriculture, even semi-subsistence agriculture, does respond to price, is only 
gradually becoming accepted. But the shock which quantum jumps in food pro
duction may have on domestic prices has not been sufficiently appreciated. The 
downward pressure on prices, especially where transport is deficient and-storage 
is inadequate, may in fact be so severe as to have a disincentive effect upon 
producers. Unless adequate attention is-given to developing a sound pricing pol
icy to prevent excessive dampening of incentives, the spread of the new tech
nology may in fact be cut short before any "takeoff" has occurred. Premature 
discouragement could produce a reversion leading to a slowing up in food pro
duction or even a rejection of the new technology. 

It has been amply demonstrated throughout the world that peasant and sub
sistence farmers are responsive to favorable prices, provided the return is 
real and they receive the benefit For example, from 1951-58 through 1961-68, the 
farmers of Thailand in response to favorable prices increased their exports of 
horn at 'an average annual compounded rate of 35.8 percent; easava, 25.0 percent ,
Uand kenaf, 48.8 percent. Filipino farmers responded to a govetnmental price
support program for tobacco by changing from native to Virginia tobacco and 
then booming production from 3' million 1kilos in 1954 to over 80 million kilos in, 
1962. The Tist of crops where peasant farm&s have responded to favorable prices
is large-rubber, oil palm, coffee, jute, wheat. barley, sorghum, millet, gram,
botton Thus, if the full potential offered by the new technology is to be 
Yealized, every effort must be made to insure that there is in fact a significant 
return to the producer and that the rapid rise in output does not lead to a 
counter-productive slump in prices. 

Fifth, the goals of increased food production are frequently couched in terms 
of some desirable, minimal standards of nutrition. Such nutritional goals a're com
knendable, but they can be attained only by individuals who have the income with 
which to purchase the b'ettdr diet. Effective demand for food depends upon both 
the income of the demanders and the price of the food. If the increased production 
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leads to lower costs and prices, then consumers will be able.to increase their food. 
purchases and hopefully to raise their levels of nutrition Equally important is 
the need to inCrease incomes so that the,greater 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. Unless the higher 
,levels of effective demand materialize, the prospect will be market gluts, price de
*(pression and, in certain cases, shifts by the farmers away from the higher
yielding varieties. 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 which are eagerly pro
moting the Green Revolution is to achieve self-sufficiency in food production. 
In Southeast Asia, for example, the Philippines already claims to have become 
self-sufflient. 'Malaysia predicts that she will be self-sufficient by 1971; Indonesia 
by 1973. Some believe that these target dates areoverly optimistic. But if the 
rice-deficit nations of the region such as Malaysia, Indonesia and the Philippines 
eventually become self-sufficient by successfully adopting the new technology, 
what will happen to the race-surplus nations like Burma and Thailand whose 
economies are heavily dependent upon irice export? To whom will they sell their 
rice? Self-sufficicncy 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 reduced. 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
ing nations spend some 30 percent of their foreign exchange on food imports 
and wish to eliminate this drain as well as the irritation of chronic deficits in 
-domestic production. We should anticipate the predictable consequences ot these 
policies-In this case major economic dislocations in trade-so that we can, be 
1equally ready with developmental efforts or foreign assistance to reduce the 
dimensions of the problem. Unless the exporting nations take immediate stock 
of their p1rospects and seek to diversify their agriculture, the impact of such 
tiade distortions could have major consequences for their economies and pace 
of development. 

Seventh, a critical question is whether these technological developments are 
a "once-and-for-all" phenomenon. How likely is it that new technological h
provement will continue to We made? The application of science to agriculture 
over the last 300 years has resulted ika tenfold indrease 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 reasonable balance. Today's Green Revolution is 
'the result of a. similar application of science 'to agriculture in the developing 
world. But it sh'ould be noted that the institutionalized application of scieilce is 
latgely concentrated at present in food erops, 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, coffee in Kenya, palm 
oil in Nigeria, coffee in Brazil, bananas in IHonduas. Staple food crops were 
either ignored or received scant attention. Thus the succes ses of the-recent appli
cation of science to peasant agriculture could be interpreted as an exploitation of 
a "technical gap" in food crops left by years of neglect, It current developments 
merely represent a "catching-up," then as soon as population overtakes current de
velopments, we are back to "squa're one." 

Much will depend upon vether or not the necessary manpower is trained in 
each country to provide a continuing human resource which can produce a con
stant stream of new technology. The manpower trained in the Rockefeller Foun
dation's 'Mexican program has always been a greater contribution, in my view,
than the new varieties. Successful adoption should not deflect attention fron 
the importance and role of continuous agricultural research. The development of 
indigenous competence to engage in agTicultural research ]s critical and becomes 
even more critical as the new varieties are adopted. The target should be not W 
new technology but ever-new technology, and this requires skilled manpower.

These are only a few of the possible consequences of the successful spread of 
the new technology. There are several broader consequences and issues which can 
belraised only as questions in this brief presentation: 

To what extent will the diffusion of the new technology accentuate the dis
placement of rural people and heighten the pace. of migration to the cities? It 
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1igher yields per acre, multiple cropping plus mechanization, force surplus 
manpower out of agriculture, 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 
,devoting two-thirds to three-fourths of its agricultural resources to food pro
duction, these resources may now be shifted to other higher paying crops. The 
,question then becomes, what crops and for whatmarkets? 

'If agriculture becomes more modern, dynamic and wealthy, will the non
agricultural sector allow agriculture to retain a significant share of this in
creased income or -merely follow the previous patterns of taxing agriculture for 
non-agricultural development? 

What will be the political significance of these changes if successful adoption 
,of the new technology leads to an economically invigorated and strengthened 
rural population-almost invariably a large majority in developing nations? 
Will rural-based political parties and movements emerge to alter the recent 

-dominance of urban centers? 
What will be the global effect of a food explosion in the tropical and sub

tropical world? Will such developments lead to an improved reallocation of pro
ductive specialization among the developed and developing world, or will.nation
alistic trade barriers continue to flout natural comparative advantages? 

One final danger lies in assuming that there is -no longer an urgent need 
for measures to reduce rates of population growth. Quite the contrary. While 
the new developments are a splendid gift of time to allow a holding operation, 
effective population measures continue to be essential. Whether one assumes a 
growth rate 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 is more than humanitarian 
-and developmental; it also has critical implications for the conduct of inter
national relations. Relations between nations are often profoundly affected by 
long-run forces over which men can exercise only limited control in the short 
run. The food-population race is an excellent example of such a set of forces. 
Predictions regarding both population and food, as well as their interaction 

-,over varying lengths of time, must be taken into account in the conduct of 
-developmental assistance, not only by aid-giving nations and international orga
mizations, but by the governments of developing nations themselves. Policies and 
programs designed to win the race between food and population may have un
intended, though often predictable, consequences which may have a very broad 
impact 

IV 

Charles Malik once said that "one of the principal causes of both international 
-confict and internal -strife is unfounded expectations. These are based ulti
mately either on deception or on a belief in magic." What we have in hand 
seems to many people to approach magic; let us hope that 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 not he misinterpreted as a plea. for the 
suppression of the Revolution because, like Pandora's box, it will lead to even 
greater problems than those it was designed to eliminate. On the contrary, I' 
would strongly argue that the list of second-generation problems is a measure 
-of what great opportunities exist for breaking the centuries-old chains of 
peasant poverty. They also demonstrate how closely interrelated are the various 
factors which impel or retard agricultural development. This complex inter-
Telationship makes interdisciplinary research and codperation vital if the cur
rent problems are to be solved and future ones anticipated. The most realistic 
prediction is that each country is likely to experience a -different set of these 

'problems and that there - will- be- variatidns among countries between the two 
-extremes of optirmistic and pessimistic prognoses. 

*Thequiet, passive peasant is already aware of the modern world-far 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 peaceful means. 

It has burst with such suddenness that it has caught many unaware. 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 quickly as the Revolution proceeds. 
Perhaps in 'this way we can ensure that what we are providing becomes a 
cornucopia, not a Pandora's box. 

1Charles H Malik, "What Shall It Profit A Mar?", Golumbi fourna of World Business,
Summer 186 
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-FooD SUPEVls ANn EcoNoMIC GRnovTiE i DEVELOPING CovalrmEs-TnE 1970's 

(Lyle P. Schertz) 

(Presentedat the Aimuai Meeting of the Western Agricrltural cononicsAsso
oirtion, Oregon State 7.tiversitj, Corvallis, Oregon, July 22, 1969. Mr. Schert0 
is Assistant Administrator for International Development, Foreign Agricu
turalService, U S. Departmentof 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 
monsoon on the Indian subcontinent caused cereal production to plunge. U.S. 
grain stocks available for concessional food assistance had declined and were 
limited. 

Today, only a few years later, we witness a "green revolution" in the develop-
Ing countries. And the world has new confidence that food crises in these countries 
.are a thing of the past. 

I want to review the evolution of these events. But even more I want to discuss 
two new challenges that confront the developing countries in the 1970's: (1) 
relating food production to world trade, and (2) expanding employment to meet 
population increases. The recent progress could easily cloud our awareness and 
preparation for these challenges which are much more complex than merely 
increasing production. -

TWO DECADES OF OflANQE 

The recent increases in food production have occurred against a background 
of two decades of change in the developing countries, which led to their increased 
dependence on cereal and fertilizer imports from the developed countries-in 
many cases on a concessional basis. The two decades can be roughly divided into 
four periods. 

1950's Growth 
1960-64 Deceleration 
1965-66 Orisis in South Asia 
1987-68 Recovery and Acceleration 

The Four Periods 
During the 1950's per capita food output in the developing countries increased 

an average of 0.6 percent a year. (Figure 1) This growth reflected increased total 
food output of three percent a year against a population growth rate of 2.4 per-

INDEX OF PER CAPITA FOOD PRODUCTION INTHE DEVELOPING COUNTRIES 
[1957-59 =100] 
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cent. The dependence on the developed world for food increased. Net cereal im-
Dorts by the less developed countries increased from a 1951-5 yearly average 
of slightly less than six million tons, to 15 million by the end of the decade 

The growth thrust of the 1950's-war recovery and national independence-
faded, however, in the early 1960's. The rate of increase of food output slowed, 
while the rate of population growth increased. During the deceleration period
1960-64--per capita food production remained above the 1957-59 'levels. But 
increases in food production did notMeep pace with demand. And the dependence 
on the developed countries for cereal and fertilizer imports continued to rise. By 
1064 the developing countries were importing 20 million tons of cereals a year 
on a net basis. Piertilizer imports by the developing nations in the mid-1960's were 
26 times higher than a decade earlier.' While the 1950's brought progress with 
modest yield increases, the early 1960's demonstrated the need for more intensive 
agriculture if the developing countries were to feed their people. 

During these first two periods-growth and then deceleration-developlent 
programs emphasized industry. Few countries gave priority to agriculture even 
though technical assistance helped build institutions to contribute to a modern 
agriculture. 

Then the crisis of the mid-1960's struck South Asia. Failure of the monsoon 
-on the Indian subcontinent caused cereal production to 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. Increases 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 countries, as well as reduced stocks in the major exporters, especially 
the United States, accentuated the crisis. 

From this crisis, and the ensuing reactions which demanded priority for 
agriculture, came a period in the developing countries of recovery and accelera
tion. Many factors contributed-improved weather, changes in domestic policies, 
reduced availability of U.S. food aid, emphasis on self-help, more emphasis on 
agriculture in assistance programs, and accumulated payoffs from long-term 
efforts to improve institutions serving agriculture in the developing coun
tries. (23) 
Responsive Crop Varieties 

But the outstanding factor was the development and introduction of high
-yielding, fertilizer-responsive dwarf varieties of wheat and rice in Asia.' Scien
tists with.the Rockefeller and Ford Foundations literally remade the wheat and 
rice plants into more efficient converters of soil nutrients, water, fertilizer, and 
'solar energy.4 As a result, the new varieties, with associated inputs, yield up to 
two and in some cases three times as much as traditional varieties under field 
toinditions. They not only yield more, they mature faster and are photo-period 
insensitive thus making it possible for farmers to grow two or three crops where 
previously only one could be grown. 

Many farmers in Asia are planting the new varieties of wheat and rice. 
Acreage increased from only 200 in 1964/6 to nearly 10 million in 1967/68 and 
-over 27 million this year-approximately 16 percent of the wheat acreage and 
seven percent of the rice acreage in non-Communist Asia. (7) (27) 

Introduction of the new varieties and their impact on national yields vary 
widely. In Asia, the growing of the new wheat varieties has been most extensive 

I Calculated from data in (11) and (12). Totals exclude Japan, Mainland China, Republic 
of South Africa, and Argentina 

Imports during 1903/64 and 1964165 averaged 255 million metric tons compared to an 
average of 0 07 million tons in 1958/54 and 1954/55 Computed from data in (10).

afDefining "high-yielding varieties," as Palrymple points out, Is not easy (7.) The-teran is 
used In tis paper to refer to varieties or descendants-of-wheat varieties developed at the 
International Wheat and Maize Improvenient Center in Mexico City (CIMMYT). and rice 
varieties developed at the International Rice Research Institute (IRRI) in the Philippines
(as well as two rice varieties developed elsewhere and widely used in India: ADT-27 and 
Talchung Native No. 1). Other improved varieties which have been in use for some time in 
Ceylon. Taiwan, and Koreaare not included. 

4There'have, of course, been technological yield breakthrougliowith other crops but I 
shall conceatrate on wheat and rice because of their importance In the developing nations. 
The history of Rockefeller Poundation plant improvement Programs for these and other 
crops through the early 1960's is discussed in detail by Stakman et a]. (25) More recent 
information on corn programs in developing nations is provided by ralrymple (8) and 
Eberhart (9) For .arevew of advances In sugar cane and bananas, see Ruttan et al. (21) 
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in West Pakistan and India, where they accounted for almost one-fifth of the 
wheat area in 1007/68 and more of the crop now being harvested. (Table 1).
Reflecting different government policies ahd growing conditions, the acreage 
:planted to new rices varied from less-than one percent in East Pakistan, to five 
yercent in India, *to20 percent in West Pakistan. 

TABLE L-HIGH-YIELDING VARIETIES (HYV): ESTIMATED PLANTED AREA, ASIA, 1967-68 

[Acres in thousands] 

Rice Wheat 

All HYV per- All 'HYV per.
Country or region YV I varieties cent of total HYV I varieties cent of total 

TEast Asia,
Burma ..--------------------- 7 12, 800 (2) -..-.--

Philippiies ................ 587 7,500 7.8 . -.-.-.
 
Soutn Vietnam.- 2 5,700 ().... ..................
 

South Asia 
Afghanistan -..-.--------------------------------------------- 65 5,800 1.1 
India----- ----------------- 4,410 90,700 4,9 7,270 36,900 19.7
Nepal---------__ ---------------................... . ....... 61 300 20.3
East Pakistan.---------------- 166 24,400 0.7 33 200 16.5 
West Pakistan.................. 10 3,500 0 3 1,800 14,800 12,2 

.......... ......... 420
TWest Asia: Turkey . . - ---------------_ 20,000 21 0 

Total Asia------------------ 5,182 191,000 2.7 9,649 90,000 10,8 

'See definitron of high-yielding varieties in text, footnote 3. 
2 Negligible 

Source. Compiled from references ? and 27. 

Yields have obviously increased, (Table 2, Wigure 2) But how much of the 
increase can be attributed to the high-yielding varieties? Willett is perhaps the 
first to try to make a comprehensive estimate of the effect of the new varieties 
-on overall production in South and Southeast Asia. (27, pp. 14-15) fe estimates 
that the new rice varieties increased 1968/69 production by nine percent; the 
-wheat varieties increased 1068169 production by 20 percent. In terms of produc
tion, this would be equivalent to 14 million tons of rice and eight million tons 
,of wheat, It would represent eight percent of world 'rice production and three 
,percent of world wheat production. 

My own feeling is that Willett's estimates may be high since rice production 
.In the developing countries of Asia in 1068 was only 16 million tons above the 
19O044 average and 1968 wheat production was up 13 million tons. But no one 
-can be sure in part because it is difficult to sort out the effects of weather during 
-this period. 

TABLE 2-CRAIN YIELDS: PERCENTAGE INCREASE FROM 196044 AVERAGE To 1968 

Country Wheat Rice Corn 

Eodia.-------.. ........................ ......... 10 21
.... 39 
,Pakistan ------ -------------------------------------_ ........ 24 8 0)

'Ceylon- ..---------. .---------------------------------------- () 4
Turkey ----------------- ---------------------------------------- 8() (t)-Tunsia ----...------------------------------------------------ 39 (1) (1)Thailand -------------------------------------- ( 2 17................. 

IPhilippines----............ ..---- - 16 10
_------------------ -
United States-- ...----------------------------------- 13 20 26 

J Data is unavailable.
 
Source. Compiled by Ronald Jones, FAS, from foreign Agricultural Service Circulars,
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FIGURE 2 

-CEREAL- YIELDS 1950-1968 -
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'Still, it is clear that the production functions 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 
as recently -as two years ago. The introduction of these new varieties have set 
in motion many other changes-economic, social, and political-the so-called 
green revolution. (4) (26) 
. Thus, a number of the developing countries approach the 1970's experiencing 
a turbulence of change in agriculture. Many issues come to the front. These have 



- - - - - - - - - - - - - - - - - - - - - - - - - -  

217
 

-often been referred to -as "second generation" problems. Hardin suggests that 
science andi technology are important for coping with first generation problems 
while public mid 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 importance to their agriculture: 

Relating food production to world 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 
countries to realistically consider cereal production policies in the 1970's in light 
of questions such as: How muchd'food should they import or export? How quickly 
can they afford to adopt aggressive policies to correct inadequacies of nutrition? 
In short, these countries face the need to adjust production in line with a host of 
factors. These include four which have special relevance to gauging the balance 
between production and trade. They are (1) increased world supplies of wheat 
.and rice, (2) excess capacity in developed countries, (3) comparative advantage 
and prices, and (4) potentials for diversification such as livestock production. 

Increased World Supplies of Wheat an4 Rice 
Production increased in both the developed and the developing countries in the 

1960's. For example, 1968 cereal production in each group of nations increased 
25 and 20 percent respectively above the 1960-64 average. (Table 3) But while 
the developed countries increased cereal output by 120 million tons, the develop
ing countries, with twice as many people, increased. cereal production only 50 
million tons. As a result, Per capita cereal production in the developed countries 
increased 17 percent while in the developing countries 1968 per capita production 
merely recovered to the level of the early 1960's--an amount less than half as 
much as in the developed countries. 

TABLE 3.-GRAIN PRODUCTION WORLD 1960-68 

19601H4 Change Change 
average 1967 1968 1960-64 to 1968 1967 to 1968 

Area Million metric tons Tons Percent ± Tons Percent 

Total production:
Developed countries----- --------- 485 585 608 +123 +25 +22 +4 

Developing countries....-......... 283 325 335 +52 +18 +10 +3
 

Wheat---------- ----------.---. 45 51 59 +14 +31 +a -16
.Rice (paddy)-..........._......._ 138 155 156 +18 +14 +1 +1
 
Corn --------------------------- 47 61 61 +15 +32 0 0 
Others - 53 58 59 +6 +10 +1 +2 

World --------------------- 768 911 943 +175 +23 +32 +4 
'Per capita production:

Developed countries.----.------ 4494 '564 4580 4+86 '+17 4+16 +3 
Developing countries.....--------- 206 4210 '210 4+4 5+2 ---.-.--..._---.... 


WoId -------------_---------- 4325 '351 4357 3+31 5+10 b+6 '+2 

i Excludes Communist Asia and Cuba. 
3Calculated from unrounded numbers 
3 Includes millet, sorghum, rye, barley, cats, and miscellaneous. 
4 Kilograms. 
5 Percent 
Source, Economic Research Service. Compiled from data provided by Charles Gibbons. 

The increases in the developed countries included such outstanding changes 
as a 75 percent increase in Australian wheat production from the 1960-64 
average to 1968 and nearly a 70 percent increase in U.S. rice production. 

Developments in the international wheat and rice markets illustrate their 
-different competitive nature 

World wheat exports for 1968-69, for example, are estimated at 1.8'billion 
'bushels. 10 percent below 1967-68 levels and almost 25 Percent below therpeak 
:in 1065-60, when poor weather in Communist countries and drought on the Asian 
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subcontinent increased 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, 
'194--65 averages. 

TABLE 4.-WHEAT EXPORTS. WORLD, 1960-i TO 1968-69 

In million metric Ions in percent 

Destination 

1960-41 to 
1962-63 

(average) 

1960-61 to 
1964-05 

(average) 1988-69 

Change from 
1960-2 to 

1968 

Change from 
1960-64 to 

196. 

Communist countries ------------------ 9.2 11.9 9 8 -6.5 -16.6 
India and Pakistan-------------------- 4.7 5.8 4.5 -4.3-- -22.4 
Other ---------------------------- 30 9 30;6 33.5 +8.4 9.5 

World total -------------------- 44 9 48.3 47.8 +6.5 -1.0-

Source: Calculated from data inForeign Asriculture, May 26,1969. Converted from bushels on the basis of I metric ton 
equals 36.74 bushels. 

Prices of most wheat entering international trade have declined only modestly 
while stocks in the major exporting conittries have increased to about the levels 
of the early 1960's 5 In contrast, 'rice prices have dropped sharply from their
highs in early 1908 to 1960 pricelevels. 

Thus, the green revolution in the developing countries is gaining momentum at
the same time that (1) cereal supplies are increasing in developed countries, 
(2) wheat trade is declining to levels of the early 1960Ms, (3) wheat stocks are ex

panding, and (4) world rice prices are dropping to levels of the mid-1960's Con
sequently, it is not surprising that there is much talk of world grain surpluses 
and concern about the effect of increased production in the developing countries
on world markets. 
Excess Capacity i Developea Countries 

One of the principal facts of life confronting developing countries is the excess
agricultural capacityof the developed countries at prevailing prices. 

We are all acquainted with the productive capacity of U.S. agriculture This
past year almost 50 million acres were withheld from farm production in an effort 
to balance output and demand. 

Western IEurope is dominated by policies of the European Community and the, 
prospective membership of the United Kingdom which has followed a persistent 
,policy of increased self-sufficiency. (22) Grain prices of the European Community 
are in many cases double the prices in international markets and export subsidies
are so large that they undercut prices of other exporters as distant from Europe 
as Taiwan. This year the countries of the European Community are spending 
nearly $1 billion for handling dairy surpluses alone and an estimated total ot' 
over $7 'billion to support their agricultural programs." 

eapan in some areas. Producer prices for riceis also highly protectionistic 
are over$18 per hundredweight. Beef imports are severely limited. 

The export markets will continue 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 aud' 
development. 
ConparativeA#dvantage and Prices 

In the mid-1960's, many developing countries gave little attention -to the, 
principle of comparative advantage-and the natire of international markets in 
their pursuit of increased production. This seemed logical. The Asian subcon
tinent had had a severe drought, nutritional needs were great, many countries
were heavily dependent on concessional food, and budgets and balance of pay
ment problems were substantial restraints on ability to import 

5 Average October 1968-March 1969 export prices for U.S. No. 2 bard winter were down 
4.4 percent from the average In the comparable six month period of 1966-67. And No 2* 
Manitoba had dropped by 7.2 percent. French wheat export prices have dropped much more,
,reflecting the aggressive export subsidizing prorams and policies of the European Com
munitv. and their unwillingness to restrict production or build up substantial stocks to. 
assist In-maintaining prices In international markets. 

oThese figures are based on special calculations made by the Ioreign Development andi 
Trade Division, ERS, TSDA. 
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Yet, as agricultural changes spread, problems relating to comparative ad
vantage and international markets will be anything but academic. The success 
of earlier policies in many countries brings them into direct confrontation with 
problems of the world market place. Countries, in allocating their scarce re
sources, must confront such questions as: Which of their farm products are 
most competitive in the world market? In which products is there the least 
competitive disadvantage when returns for all are low? What is the competitive 
position of their country's resources for industrial production? And, how does 
protectionism in Europe and Japan, and import policies of the Communist coun
tries, as. well -as North America, on unprocessed as well as processed farm 
products, afteet their competitive position? 

Consideration of these and similar questions must take into account prospec
tive technology. One of the underlying objectives of economic growth is the de
velopment of resources and technology so that latent comparative advantages 
can, in fact, be realized. 

The developing countries have traditionally exported large amounts of tropical 
products. However, I think that it will be economically difficult for them to 
become substantial grain exporters in the near term. It is much easier -to increase 
production for indigenous consumption than for export. Often the domestic mar
ket is more tolerant 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 its domestic 
needs, farmers get much lower prices because the extra costs of exporting their 
product to third countries must then be taken into account The difference between 
these two sets of farm returns may be as much as $25 to $82 per ton. 

Admittedly, subsidies and tariff policies can distort these relationships But 
in most developing countries, the resources available 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
ternational comparison. For example, in Turkey, producer returns for wheat 
are $87 per ton when calculated by the fixed rate, but $50 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 markets, the free rates 
in the developing countries may become increasingly relevant as Currencies are 
devalued. 

TABLE 5.-GOVERNMENT SUPPORT OR PURCHASE PRICES- WHEAT AND CORN, SELECTED COUNTRIES, 
1988-AT OFFICIAL AND FREE RATES OF EXCHANGE 

IDollars per metric ton] 

Wheat Com 

Exchange rate Exchange rate 

Country Official free Country Official Free 

Mexico.-----------------_ 164 ---------- Mexico -------------------- 75
 
Brazil --------------........ 88 ---------- Brazil----------........- - 47 .........-

Colombia ------------------- 126 116 Kenya-------------........ 43 

Paraguay -------------------- 80 Thailand-------- ---------- 47 ...........
78 _ 
Morocco.--------------------- 79 71 Ufinted States--------- ------- 4 50 ......... 
Turkey--------------------- 87 59 
Pakistan_..------------ -__ 5396 
India ---------------------- 101 72 
United States................. 297 ......... 

IMajor producing states of Sonora, Snaloa, and Baja, calf. Elsewhere, $73.
2Loan rate ($46) plus certificate ($51) 
aUnirrigated area; $64/ton it irrigated area. 
4Loan price ($39) plus support payment ($11). 

Source: Reference 8.;Exchange rates published in Picks Currency Yearbook, 1968. 

34 
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TABLE 5.-GOVERNMENTSUPPORT OR PURCHASE PRICES: RICE, SELECTED COUNTRIES, 1958-AT OFFICIAL AND 
FREE RATES OF EXCHANGE
 

IDollars per metric ton
 

Paddy rice Milled rice 

Exchange rate Exchange rate 

Country Official Free Country Official Free 

Burma.................... 
India ----------------------
Philippines ------------------
Brazil ------ ----------------

36 
56 
93 
79 ....... 

13 
41 
88 

Indra ---------------------
Pakistan (West)_-------------
Japanb .--------------------

96 
107 
420 

6 
59 

392 

Cuador------------....... 123 105 
Senegal-......................
Japan.----------------------
United States7-  - -  - - - - -  -  - 

5 (6)
294 274 
100-........ 

I Average of procurement prices for rice (Rs. 72/quinlal). 
2Support price for paddy (Rs. 42-44 maund). No recent Government purchase because market prices are well above

this level. 
a Announced procurement price for coarse rice paid to mills (Rs. 19/md). Actual price paid to farmers for.paddy was 

about half of this (Rs. 7-l/md).
4Government funds were insufficient to purchase all paddy offered for sale at this price.
5 Official support price is for brown rice Converted here to paddy and milled eqinvalenL
6 Notavailab e. 
7 Loan price. (Average price received by farmers was $110.) 

Source: Compiled by Dana Oalrymple from Various reports issued by the Foreaign Agricultural Service and the Agency
for International Development Exchange rates published in Picks Currency Yearbook, 1968. 

Mexico, a country with outstanding success in increasing wheat and corn 
production, illustrates the type of adjustments that will be pressing many develop
ing countries. New technology in the form of the dwarf wheats shifted the 
Mexican wheat supply function sharply to the right Prices above world market 
prices, combined with the new technology, made Mexico a "surplus" wheat 
country relative to domestic demand. Then, the Mexican Government lowered 
prices to reduce production. The 1968-09 wheat acreage decreasedc but increased 
yields offset most of this decline. Wheat is being 'purchased by OONASUPO 
(the government trade agency) at $64 and $73 per ton, prices almost 50 percent
above those currently obtainable by Mexico in international markets. An even 
more severe price relation exists for corn. (8) (20) 
Lives'toolc-One Possible .Adjustment 

Shifting land from cereals to other crops is one way in which countries can 
adjust their production. (6) Perhaps an even more important aspect of diversi
fication, however, will be increased livestock production. This will be especially
relevant for medium income countries approaching self-sufficiency in cereals. (17)
Livestock production has an important role as a balancer between cereal require
iments and supplies Where little grain is fed to livestock, demand for cereals 
is often extremely price inelastic and changes in production have very sharp
-effects on prices. 

Livestock can also be important in cushioning the effects of cereal production
changes. For example, when production is short, diverting cereals from livestock 
to human consumption, and slaughtering, of livestock, can mitigate demands on 
foreign exchange and decreases in total caloric supply. Alternatively, when cereal 
supplies are large, increased consumption of cereals by livestock can absorb 
higher production and thereby mitigate pressures upon the marketing systems 
to move cereals, perhaps even into export channels: In addition to this balancing
Tole between requirements and supplies;Ifivestock-production Can make important
contributions to t etoii6uy im absorbing labor, increasing economic activity,
and perhaps earning foreign exchange. 
The Balance 

It is impossible to anticipate how the developing countries will react to these 
many forces and, in turn, relate their production to international trade. For 
example, exports of any one developing country that has been importing is not 

IPaarlberg points out that this and several other ad3usters are the reasons why collision 
course projections are too simplistic and that there is "an enormous capacity for adjusting
the use of agricultural resources and the food intake." (19, pp 41-45) 
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likely to be large enough to significantly affect world market prices; in effect,
these countries will confront essentially a perfectly elastic export demand' 
function. However, because of poor quality, small volume, and lack of market 
experience, prices they receive may be substantially below that received by more 
traditional exporters. 

Liberalization of trade 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 United States, and the developing countries will forge an 
alliance which will effectively pressure the European Community, Japan, or 
Communist countries to adjust agricultural domestic and trade policies. 

Supply in many countries will continue to be profoundly influenced by the 
new technologies of dwarf rice and wheat, as well as weather. The rate of ex
pansion of high-yielding varieties will gradually diminish, however, as the 
present areas with controlled water supply become more fully planted. 

At the same time, popuation growth rates continue to be high and will lead 
to substantial increases in cereal requirements. India, for example, to siniply 
maintain per capita consumption must increase cereal production by almost three 
million tons a 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 I 

On balance, the many forces in world markets, as well as 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 surplus situation and they will invariably consider exporting at least on a 
temporary basis. 

EXPANDING EfPLOYMXENT TO MEET POPULATION TCREASES 

Tremendous problems confront leaders of developing countries in coping with 
increased rural, as well as urban, populations. These problems 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 46 percent above the 
1962 level, even though the farm population, as a proportion of the total, is ex
pected to decrease from 65 to 58 percent (1, p. 6) In terms of India, Nair esti
mates that.the number of workers in agriculture 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 rates, especially among 
children, experienced in the 1950's. 

The problem of labor absorption in agriculture is compounded by the dis
appointing growth of industry. India, for example, anticipated in the 1960's that 
unemployment would increase even with expansion of industrial jobs much higher 
than have been realized. Therefore, unless industrial growth can somehow be 
accelerated dramatically, the creation of jobs in agriculture will be of utmost 
importance to the labor absorption problems of the developing countries. 

Because of the limited 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. Thus, these countries can pursue 
policies and programs to expand employment with much more confidence that 
the ultimate effect will not be undue 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 are already poor 
and further exacerbate the income distribution problems that are increasingly 
evident For example, many rural people have been bypassed by the benefit of 
high-yielding varieties. Those in regions without irrigation water have geneially 
not benefited. 

Further, increased incomes have not generally been passed on to labor, al
though the new varieties have often resulted in increased wages during periods 
of peak labor requirements, such as harvesting. Johnson writes "So far there 
has been little sharing of the benefits from intensive agriculture with the land
less laborers. They are the most neglected group in rural society." (15, p. 14) 
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In the Tanjore District of Tamil Nadu State in Southern India-ai 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 to become in
creasingly sensitive, especially if the number of new jobs does not keep pace 
with the number of available workers. 

Therefore, crucial questions involve the extent to which 'policies can be shaped 
to maximize employment while still meeting production objectives. Particularly 
important are strategies relating to mechanization, irrigation, and agribusiness. 

Mechanization and Irrigation 
The direct effect of most increases in mechanization is the displacement of 

labor However, consideration of only direct effects can lead to erroneous conclu
sions For example, the high-yielding rices mature in four instead of six months 
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
pared immediately for the following crop. This often requires mechanization. 
Some labor may be displaced in harvesting or soil preparation, but growing the 
second crop can lead to substantial increases of total labor requiaements through 
the year. 

Investing in machinery, substantially above the levels that generallyprevail in 
the developing countries, is not necessarily'inconsistent with large inputs of labor. 
Human labor in Japan, Taiwan, and Egypt supply much more horsepowel per 
hectare than in India and in Asia as a whole. (Figure 3) But all three countries 
also have much more investment in machinery than other developing countries. 
Tapan'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 
accounted for by the widespread irrigation systems along with mechanization 
requiring large complementary inputs of labor. 



223 

FIGURE 3 

HUMAN POWER USED IN AGRICULTURE
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Egypt
 
Taiwan 

'0-
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India 
Asia
 

Europe, Latin America 
Israel 
Africa 

-__ - U. S. 

1/ Human Power per 100 Heccares of Arable Land and Land Under Permanent 
Crops. Calculated on the basis of 1/IS horsepower per-worker.
 

Source; The World 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 ebanges 
in other inputs and or in technology. Other inputs, as well as technology, 
will change and nonfarm employment in related industries (equipment, parts, 
supplies and repairs) will increase. 

Thus, we must consider the potential effect of mechanization on labor ie
quirements in terms of alternative farming systems. One system to consider 
is the Widespread growing of high-yielding 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 interested in more irrigation; adequately 
controUed water is necessary to realize the yield potential of the new varieties. 
For example, farmers in West Pakistan installed 2,400 tubewells during
1967/68 and are expected to install some 7,000 during 1908/69. In India, 
the number of tubewells, both private and state, is increasing at an 
annual rate of 41,000 per year. These are 'supplementing water supplies 
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on irrigated acreage and also increasing the Irrigated area by about 2,2 million 
acres per year. Electric pumps are being installed at an estimated annual rate 
of 140,000 per year. (28) Thus, one of the significant payoffs of the high
yielding varieties may be increased labor needs in expanded irrigated projects. 

Agribusiness 
Development of agribusiness will also influence employment In the United 

States, for example, total 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 1057 and 1966, but nonfarm agri
business employment increased 22 percent and total agribusiness employ
ment-including farm workers-decreased only five percent. (24) 

The U.S. experience is with capital-intensive enterprises that the develop
ing countries should not generally try to emulate. On the other hand, agri
business can be developed with labor intensities much higher than in the 
United States. 

Marketing, deficiencies in less developed nations take many forms. The 
present physical facilities, particularly for storage and transportation, simply 
cannot move needed inputs to farms and, increased farm output to markets 
efficiently. Costs are high and physical losses great Marketing information, 
grades, and standards are seriously lacking. (16)

Increased production leads to larger relative increases in marketings and 
perhaps a greater concentration of marketings shortly after harvest. Barker 
estimates, that of the increased rice production on surveyed farms planting 
new varieties in the Philippines, 80 percent was marketed and only 20 percent 
was consumed in the home. (2) (3) 

In addition to facilities for drying, grading, processing, and transporting
products to consumers, modern agriculture requires a vast array of inputs
pesticides, credit, tools and machinery, seed, and fertilizer. Providing these 
can substantially increase employment opportunities. 

ManU Questions Remain 
Much research is needed on the employment-population problem; frankly we 

don't know answers to many of these challenges. Mluch more attention must be 
given to alternative approaches; questions such as the following need answers: 

What are the trade-offs among different farming systems on food production,
employment, and economic growth? -

What are the effects of different types of irrigation projects on the same 
variables? 

What are the relationships between mechanization and labor in different pro
duction enteiprises? Where are they competitive? Where complementary? 

To what extent can public works in rural areas affect employment?
How will policies to increase rural employment affect other problems such as 

urban health, sanitation, and housing? 
.0an research and extension programs be shaped to develop and spread labor 

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 world to bring about fundamental and 
lasting changes for the benefit of humanity.

The effective rationalization of production and trade will be trying and com
plex. Problems of excess capacity of world markets, domestic prices sharply dif
ferent from international prices, and artificial exchange rates-will make -the 
tasks of the 1970's-much -more-complex than those which have been overcome in 
stimulating production. The expansion of employment is equally challenging
for the spectre of millions unemployed threatens to negate all efforts to improve
economic welfare of these countries. 

Perhaps the greatest challenge in meeting these 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 can and should
be viewed as a base for further progress. 
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How the developing countries respond to these challenges and how the de
veloped countries assist in that response will, in fact, determine if the momentum 
of agricultural change will be extended into the 1970's 'or if it will falter. The 
outcome will depend on what we do or fail to do in the next few critical years. 
- Hopefully the recent breakthroughs wiI not cloud our awareness of the 

challenges of the 1970's so that, in fact, the green. revolution is the beginning of 
a series of developments leading to better nutrition, expanded economic growth,
and more equitable distribution of income. 
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-SPnRi -REvrEW OF THE NEW CEREAL VARIETIES IMPLICATIO1S FR AID 

(A report by the Agency for InternationalDevelopment, 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 
agriculture? 

2. What conclusions'can be drawn concerning the relative emphasis among 
activities in A.I.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.DD. agricultural strategy (Section I) and the findings and recom
mendations on the major topics covered by the conference (Sections II-VII). 
For each of the topics covered, the essential background and agreed facts are 
sketched under the heading FINDINGS; 'a second part states IMPLICATIONS 
FOR A.I.D. 

Although the Review focused on the high-yielding varieties (HYY) of rice, 
wheat, and corn; the discussion was ide-ranging and frequently extended into 
general problems of agricultural development. Moreover, some of the matters 
discussed involved sensitive political issues for the recipient countries. No ma
terial is excluded from-this summary because of either of these considerations. 

To facilitate consideration of the document, the implications for A.I.D. which 
have the most immediate significance either for operations or for prompt study 
are marked by an asterisk. 

I. SUMMARY AND OVERVIEW 

1. The notable success in increased grain production in the past 'couple of 
years demonstrates wbht can be accomplished in LDC agriculture. Agriculture
continues to merit top priority in most developing countries. The successes in 
foodgrains, however, call for some shift in emphasis in A.I.D.'s 'agricultural 
programs. 

2. The "agricultural revolution" -has been concentrated essentially in spring 
wheat and rice, principally inthe countries of East and 'South Asia, and con
fined almost entirely to areas with ample water supply. Without minimizing in 
any way an accomplighment which has completely 'transformed'the food prospects 
of most of the important food deficit countries, A.ID. must take account of these 
facts, and of the further fact that even in the countries most benefitedtbe"rev.
olution" has directly toudbeLorily a--minority-of-the 1ailfifgifolialation Never
theless, it ifbeling the mold of traditional agriculture and demonstrating the 
results that can 'follow the introduction of hew technology, it has opened the 
way to further change. A.I.D. niust seek to capitalize on the iew opportunities for 
agricultural growth which now exist 
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S. Experience with the introduction and diffusion of the new cereal varieties 
has demonstrated that constraints on agricultural growth are fewer and more 
readily overcome than previously assumed. This experience indicates that assum
ing a minimum basic 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 output), (b) 
the capacity with or without outside assistance to adapt this technology to local 
conditions, (c) commitment to a campaign of expanded production at top levels 
of the government (d), a cadre of skilled personnel in the agricultural sector 
which, either inside or outside existing institutions, can be aligned in a campaign 
structure. Most of these elements may be present in some degree in a 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 findings on each 
of these topics, and their implication for A.I.D., are treated in the following 
Sections of this paper. 

5. Summing up the state of affairs in the spring of 1969, it can be said that 
agricultural growth in the most populous of the LDOs has reached the point 
where 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. 

0. In considering the problems of the future, it is desirable to begin with the 
lessons learned from experience with the IHYVs. A few basic points emerge as 
central. These are summarized below: 

a. The ability of a well-conducted crop campaign, based on a 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 increasing need for wise government policy, as cereals campaigns 
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 without much advance planning. The problems of the future will require 
more careful study. 

c. The need for a continuing flow of technological innovations, produced by 
research. 

d. The need for an expanding body of trained manpower, on which effective 
policy planning, research and institutional operations will depend. 

e. The need for institutions, capable of helping therdisadvantaged farmers, who,
for want of knowledge, good land, water or financial resources, are unable to 
respond quickly to new technologies. 

These points are developed somewhat more fully in the paragraphs which 
follow: 

.7. In almost all countries considered, the HYY rice and .wheat proved to be 
a powerful innovative force which compelled a change in traditional agriculture. 
They brought new life to moribund institutions-co-operative, private enterprise 
and government-al-and stimulated the development of ad hoc arrangements 
where existing institutions were unable to meet felt needs. The single crop cam
paign has proved a singularly effective way to 'Iget agriculture moving." The 
success of these campaigns suggests .the -desirability when the opportunity and 
basic requisites are present, of a country focusing-efforts on a specific sector of 
the agricultural economy. 

8. The HYVP is an effective way to introduce an element of dynamism in the 
agricultural sector. Once this element is-present, it begins to generate new prob
lems, and makes even more urgent the development of a coherent strategy for 
rural development, geared to the country's own requirements and potential. Few 
LDCs 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 LDOs. A.I.D. itself is inadequately staffed in this area, 
and most Missions are unable to provide first-class planning assistance 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 U.S. 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 LDO to do its 
own agricultural planning.

9. Recent agricultural growth in the LDCs covered in this review bas been 
generated by new and profitable technologies of cereals production. These tech
nologies were the product of a chain of scientific research: the beginnings were 
in the institutions and the scientific techniques perfected in the developed coun
tries; the critical transformations occurred in two international research in
stitutes which mobilized. interdisciplinary staifs of high competence, assembled 
banks of genetic materials, and used advanced techniques to produce -varieties 
suitable to the tropics -and sub-tropies; the fmal phase was the testing and 
adapting of these new varieties under specific local conditions in the individual 
LDCs. Continuing progress in LDO agriculture will require a continuing flow 
of technological innovations, much of which, it may be assumed, will be developed
through similar processes, ATD, needs a clearer overview of the research needs 
of the developing countries, of the various 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 LDOs in the near term, and strengthening the capacity
of the LDOs to do the job for themselves. 

10. The performance of the many skilled functions needed for further agri
cultural development will require an expanding base of skilled manpower in the 
LDCs. As experience with the new cereal varieties demonstrates, some of the 
technology can be imported, and the skills essential to a single crop campaign 
can be developed by overseas training. Ultimately, however, the success of A.I.D.'s 
programs in the agricultural sector will depend on the degree to which they
produce within the LDOs the capability to organize, staff, and administer their 
own institutions. 

I. The Review revealed that with the powerful stimulus- of the new cereal 
varieties, it was possible to improvise a structure to perform the functidns es
sential to their introduction and diffusion. It cannot be assumed that this 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 
education, extension, credit and marketing, is foreseen. 

12. Proposals for A.I D. programs made in this paper of course assume that 
LDO Governments and important elements of the population want agridultural
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
countries and institutions, to do much to accelerate the agricultural revolution, 
and to extend its benefits to larger parts of the population. The capacity to pro
duce technological innovations exists; the techniques for successful crop cam
paigns have.been mastered,- means for vitalizing moribund agricultural insti
tutions and enlisting farmer participation 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 rni'al infra
structure, benefit increasing number of farmers, and contribute to overall eco
nomic growth. This is the potential of the green revolution; A.I.D.'s objective 
in theperiod ahead must be to help the LDOs realize it. 

MI.moE PooY 
A. Findings-

The f-yV--experiericelias revealed a number-of the characteristics of farmer 
response to prices, risk and certainty. That the so-called traditional farmer's 
presumed high aversion to risk can be overcome by high profitability, has been 
amply and even dramatically demonstrated. 

The technological quantum jump 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 assured rainfall areas) and 
rice illustrate this point The differenetial success with the new rices in favorable 
as contrasted with less favorable areas does also. Conditions of relative cereal 
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scarcity in most of the countries considered reinforced the technological shift 
in profitability, and provided further assurance of high market prices.

Governments, often on AI.D. urging or with A.I.D. acquiescence, adopted 
other measures to influence relative profitability. By and large, these diect 
governmental price interventions-input subsidization and output price support
have been less significant than the basic profitability of new seeds in the diffusion 
of HYV's That is, rapid adoption of new responsive varieties has occured both 
with and without input subsidies, and under varying types and amounts of 
output price support. 

Although the record indicates that input subsidies (or fertilizer, pesticides,
credit, water, electricity) were widely used, they were generally thought to be 
undesirable by participants in the Review. Support for input subsidization was 
largely confined to early subsidies for fertilizer for two limited purposes: to 
accelerate the initial adoption of new varieties or practices and to hasten the 
reaching of an economic 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 became too strong The only justification suggested for con
tinuation of input subsidies was that they might be used to provide preferential 
treatment for low income or disadvantaged farmers it the administrative prob
lems of differential programming could be surmounted. 

The record of experience with output price support is less clear as are the con
clusions to 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 
also recognized that continuing output price supports above world market prices 
were undesirable. 

A strong case was made that output price suppoits which might have unde
sirable side effects when used as an incentmve for one or several crops, could 
provide desirable insuranceagainst 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 the corollary role of stocks acquited 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 probably necessary way to avoid wide uncertainty regarding future 
market prices, thus eliminating or tempering one of the major risks the farm 
entrepreneur faces. While majority opinion supported this view and its con
commitant moderate ("not high") price support policy. there was no consensus 
on whether the support price needed to be established before planting (as A.T.D. 
has usually espoused 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 for "some" decline in market prices it a 
good yield is secured. The advantages of lessening farmer uncertainty are obvi
ous The advantages of permitting a moderate decline in market prices are: 
avoidance of undue burden on the public budget and the allowance for con
trolled secular declines in price if productivity continues to rise. One country 
crop experience (India-wheat) demonstrates an effort to do both; a low sup
port price (still profitable with HYVs) was announced pre-planting, and a higher 
procurement price-supporting the market-has been announced just before 
harvest. 

While price stabilization policies were generally 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 less developed countries characteristically lack 
highly developed administrative systems. 
B. Implications for AI.D. 

The powerful consequences of technological advance on farmer incentives, and 
the implications for research are discussed in VL1 below. Other guidance for 
A.1 D. which emerged is that: 

1. A.I.D. should not in general sponsor or support input subsidies except
where they are clearly needed as inducements and are clearly temporary, or 
(perhaps) if they can be so structured as to have a positive effect on disad
vantaged farmers or areas. 
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2. AI.D. should in general advise against high, continuing output price sup
ports, except where their allocative effects (shifts in acreage or in input use) 
have been analyzed and found clearly desirable, and the administrative problem 
tolerable. 

*8 AI.D. should sponsor the development of tailored price support policies 
and organizations which will provide advance assurance (either by advance 
announcement or by earned confidence in governmental policies) against sharp 
price drops, while permitting relatively smooth secular price adjustments in 
tandem with productivity changes. 

4. A.I.D., clearly, will need to take account of the administrative competence 
of the Govenment in considering the practical measures the country concerned 
should be advised to adopt to give effect to these objectives. 

*5 A.I.D. must increase its in-house capability and the outside competence 
available to it on contract to analyze the complex of economic, political, and 
administrative factors involved in the above recommendations so that the 
Agency's ability to advise, correctly and persuasively, is enhanced. 

. III. MA.AGEMENT SYSTEMS 

A. Findings 
All the HiV countries covered in the Review mobilized exceptional teams of 

men and institutions to carry out crop campaigns. In India and Pakistan, two 
or more crop-campaigns were organized without significant A.I.D. administrative 
participation and carried on simultaneously. In Turkey, Vietnam, and the Philip
pines single crop campaigns were designed and .implemented with ALD. assist
ance The activating force behind all of these campaigns was a firm resolve by 
the Government to clear traditional bureaucratic hurdles and make the ne'ces
sary administrative and financial commitment to reach the target The Missions 
report that such support was essential to successful propagation of the HYV 
programs. It is noteworthy that wherever this support from top Government 
leaders was provided, its effects were strong and positive. Further, political bene
fits to the LDO Government frequently accompanied the increased harvest 

Most of these crop campaigns had some quantitative goals-total production to 
be achieved or total acreage to be coveied. They all focused on relatively limited 
areas of high potential productivity. They all made an effort to provide individual 
farmers with the information necessary to grow the crop successfully. There was, 
in all cases, an adequate incentive to the farmer-in terms 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-Turkey and Vietnam-a more systematic effort 
was made to schedule the provision of key inputs of technical information and 
material on a precisely calculated time-phased basis. In Vietnam a full-fledged 
PflRT system was developed during the second crop season to provide better 
control over the IR-S rice production program. USAID officials insist that these 
advanced programming and implementation systems improved the Government's 
control over the crop campaign and contilbuted to its success, Their arguments 
are persuasive, although *thereis no quantitative means to measure the contribu
tion and seemingly comparable successes occurred in other countries employing 
less elaborate techniques. 

Any system, of course, must be built on the already existing institutional strue
ture, and should reflect the judgment of those who know the strengths and weak
nesses of the institutions involved. The effective implementation of crop campaigns 
and advanced scheduling systems would appear to 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 personnel to draw on. 
(2) an-institutional -base sufficiently articulatWS yetiflexible&to be_^galva1'fized 
into a national campaign, (3) input/output price relationships which made 
adoption of the new crop technology an attractive propositioh for the farmer, in
cluding administrative action to minimize the risk of price declines resulting 
from a rapid increase in output and (4) a firm commitment to a campaign at the 
highest level of government. Where these prerequisites are satisfied, A.I.D. has 
demonstrated the ability to effectively supply the missing management tech
nology to support the initial takeoff. In these circumstances, crop campaigns may 
be a highly useful instrument and serve to energize the entire agricultural see
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tor. But the ultimate decision to institute such a campaign depends of course on 
the economic argument for rapid boosts in production of the target crop. 
B. ImplicationLs for A.I.D. 

-1. The principles and techniques of crop campaigns should be more systemati
cally studied by A.I.D., and the methodologies suitable to countries of different 
levels of administrative competence should be defined Additional personnel should 
be trained in these techniques, and the provision of consultants may be called 
for. Professional training in agriculture is not indispensable for the top leader
ship in the effective management of crop campaigns. 

*2 A.I.D. should encourage crop production campaigns in food deficit coun
tries where the necessary pre-conditions described above exist, where rapid in
creases in the single crop 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.I.D. should encourage the LDC to adopt the advanced programming sys
tens 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 returns of increasing the 
sophistication of the system cease to justify the marginal costs involved. Many 
countries are markedly deficient in the resources they can mobilize for such an 
undertaking and large teams of A.I.D. managerial talent to perform these services 
is not a 'ecommended alternative. However, this approach can be encouraged 
where it 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 a crop campaign 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 AJ.D. Mission in a crop production campaign 
may require some regrouping of tasks and reallocation of Mission personnel. 
There must be arrangements which produce quick decisions and mobilize forces 
where they are most needed to break bottlenecks and contribute to the smooth 
operation of the system.

5. The extent to which Governments will be required to discharge functions 
in the crop campaign will 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 crops, 
for the more such services are provided by the private sector, the lighter will be 
the burden on Government administration. The role of Government in a coun
try where the private sector is operating 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 be 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 -parta responsibility of Government. The existence of a responsive private 
sector is of course essential to this division of labor, but in most countries Gov
ernents tend to underestimate their private sector's capacity for action AID. 
needs to work harder on opportunities for private participation and on encour
aging it And A.I.D. needs to know more about the costs of distribution and mar
keting, and how to reduce them. 

IV. INSTITUTIONS 
A. Finditg 

No one group of Government institutions proved to be indispensable to the 
successful introduction of the 'high-yielding varieties in all countries considered. 
The -availability of well-trained technicians, and of a flexible and popular rural 
institutional network capable of alignment in a -campaignstructure, were essen
tial, as were a capacity for adaptive research and a procurement authority. Ex
tension -played 'a decisive role in 'a few countries: elsewhere diffusion of prac
tices proceeded rapidly regardless of the quality of the extension service. The 
lack of institutionalized credit doesn't appear to have slowed the early diffusion 
process, especially 'in the wheat areas. Finally, in most places, co-ops and com
munity development had little observable effect. Certain functions, sudh as the 
dissemination of knowledge, the distribution of seeds and fertilizer, etc., had 
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to be performed, but on balance the precise contribution to the diseharge of 
these functions of formal and typically laboriously created institutionizedL 
seracce is unimpressive. 

It is probable that the HYVP 1 is an inadequate measure of institutional suc
cess It is also probable that the contribution of traditional institutions will 
become increasingly significant with elapsed time, both in expanding the IHYVP 
and in dealing with second and third generation problems. The evidence seems 
to indicate, however, that, given a significant, tested, technical breakthrough to 
exploit, and an effective product demand, a successful production campaign can 
be mounted with less explicit attention to formal institutional underpinning than 
heretofore thought necessary. 

Distinguishing among three types of institutional management helps to or
ganize another set of lessons of the RYV experience. There are (1) the traditional 
government institutions, including rural and professional education, research, 
extension and credit; (2)--private enterprise operating-in 'the agricultural service 
sector-e g., ESSO, the Kenya Seed Company and other fertilizer, machinery, 
insecticide and seed producers and distributors; (3) farmers' co-operative insti
tutions, which make collective decisions for farmers at the village (machine 
Pools, fertilizer distribution) or multivillage (water supply, drainage, pest con
trol) levels. Private enterprise offers a frequently unrealized potential for re
ducing the burden on governmental services. Where profits are clearly indicated, 
as they have been in the HV areas, private enterprise has been quick to exploit 
opportunities, provided the climate for individual initiative has been favorable. 
Similarly, co-operative institutions have mushroomed spontaneously in certain 
HY areas, once their functional utility was demonstrated. Both private enter
prise and co-ops offer alternatives to government service. but of the two the 
former seems to be more readily responsive to deliberate government induce
ments and can be expected to play a leading role in diffusing future technological 
breakthroughs. Everywhere, however, the increased services required by the 

IYV's are stimulating the creation of new institutions as well as the revitaliza
tion of old ones. 

B. Implication for A.LD. 
Some caution is advisable in. applying the lessons learned in IIY campaigns 

to agricultural development in general. The results obtained were abnormally 
profitable and the urge to share in the profits an unusually powerful stimulus. 
Although the contribution (or lack of contribution) of individual institutions to 
BYVT campaigns should certainly be taken into account in planning programs to 
support agricultural institutions it may not be a fully, satisfactory indication of 
their worth in other situations. 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 result in increased agricultural production. 
There are indications, however, that the availability of a responsive institutional 
base is probably essential for the fullest exploitation of any technological break
through. 

"1. Pending the development of further knowledge of the effect of different 
types of institutions over time, A.I.D. should as a first priority concentrate its 
institutional building efforts on those institutions with a clear multiplier effect, 
i.e, research and professional agriculturaleducation.. The land-grant university 
is an appropriate (but not the only) model, if suitably adapted to local conditions. 

"2. Institution building takes time. Creating an agricultural university and 
bringing it to the point where with indigenous personnel it can undertake ad
vanced agricultural education and research is inevitably a long-term project. 
A.I.D. needs to develop procedures which will help to assure the continuity of 
effort essential to the success of such undertakings.

3 ALD should seek to identify -more precisely the eliaiacter and timing of 
tEe contribution of different institutions, e.g., extension of precise technical in
formation on the HYV package of practices was essential to rapid diffusion, but 
the established extension servtoc was only one of several agencies which per
formed this role The importance of credit in the HYVP has not been clearly
demonstrated. In Pakistan and India the lack of institutional credit appears to 
have had little significance. In Turkey and the Philippines-credit is reported to 
have been an integral part of the program. 

'HIgh-yielding variety program. 
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4 Paragraph 3 should be read in the light of the general observation which 
introduces this section. The HYV campaigns were unique in the agricultural 
experience of the LDO's, and the extent to which they can be duplicated in other 
parts of the agricultural sector will probably depend on the availability of addi
tional technological innovations of comparable simplicity and profitability. Even 
in the HYV campaigns, a more effective extension service and more widely avail
able credit might have accelerated 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 small farmer
extension and credit institutions may well have a significantly greater role to 
play,

5. Experience with the HYVs demonstrated that co-operative action is readily 
achieved when the benefits of such action are apparent to the farmers concerned. 
A.I D. should take account of this demonstrated fact 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. 

6. A.ID, should endeavor to encourage a greater role for private institutions, 
particularly those of the LDOs, in performing essential services in the agricul
tural sector-whenever it appears that these institutions can lessen the burden 
on over-taxed governmental institutions, and/or provide the necessary service 
with greater efficiency. 

7. The high-yielding varieties program served to test the availability and re
sponsiveness of the network of national institutions. Their response to the test 
should be evaluated, ahd serve as a guide to further programs of institutional 
improvement. In addition to the emphasis on research and professional agricul
tural education mentioned in paragraph 1 above, AI D. should encourage in
creased participation of the private sector, for the reason stated in III B 5. Under 
certain conditions support of other institutions may be desirable: 

a. Extension and credit, 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 a useful 
role to play. 

V. MAJOR PHYSICAL INPUTS 
A. Findings 

The so-called high-yielding varieties might be more accurately described as 
the highly responsive varieties. In response to increased 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 countries covered by this study is expected to grow 
at the compound annual rate of between 12 and 20 per cent. Increases on acreage 
planted to high-yielding cereal varieties will be greater. 

Fertilizer costs in the LDOs are high-both for imports and for locally pro
duced materials. Imported materials can be purchased economically in a number 
of developed countries, but the costs of transport and distribution greatly in
creases the price. Production from-local plants is frequently inefficient. 

Possible sources of supply available to the LOs also include intermediates. 
Numerous and complex factors enter into the calculation of the most economic 
means for a particular country. In general the rule of thumb is: impoits of 
finished materials when daily requirements are less than 100 tons of PnO and 200 
tons of N; intermediates where the daily requirement is 100-300 tons of P2O 
and 200-400 tons of N; intergrated production from raw materials to finished 
product may be justified where daily requirements exceed these rates. 

The IYV wheat varieties require planting at precise depths, and for this pur
pose mechanical drills are important. A good case 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 countries, the utilization of machinery which will displace labor should 
be discouraged 

The HYV's have been confined predominantly to irrigated areas, plus a rela
tively small acreage which has an assured supply of rain. This will doubtless 
continue to be the case, and the spread of-existing varieties of wheat and rice 
willprobably be'limited to such areas. 
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The lack of adequate water (and inefficient management of available supplies) 
is a serious constraint on general agricultural development, and severely limits 
the spreadr of the high-yielding cereal varieties. Looking ahead a decade or so, 
it is lkely to be the most serious constraint on agricultural development. The 
problems are of three sorts-

1. There is grossly inadequate knowledge of the interrelations of soil, water 
and plants in most of the LDOs. A substantial volume of additional research is 
needed, much of it location specific. 

2. Additional water which might be supplied is either untapped underground, 
or wasted as run-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. M1uch of the rainfall in rain-fed areas (which constitute 
from 60-80 per cent of the arable land in the LDCs), which could be channeled 
into eatehment areas, is simply wasted. 

3. Water which is made available by irrigation works, or by painfall, is-wasted 
by poor management. In the flat areas of the irrigated plain, water-logging 
and salinity are constant problems, and they are seldom effectively dealt with. 
The real potential of irrigation as a means to multiple clopping is largely 
unrealized. Irrigation systems which low water over entire plots from the 
highest to the lowest are wasteful and fail to deliver to each farm the volunle 
of water it requires. Rain-fed areas could be made vastly more productive by 
small dam construction, improved contouring, water spreading, etc. -
B. ImzpltcationsforA.I.D. 

1. The materials developed in the Review are consistent with the AID. 
fertilizer policy set forth in P.D. 41, which should continue to be applied.

J2. A.I.D. should endeavor to discriminate in the types of farm machinery 
it finances, and concerning which it advises the Government of Host Countries. 
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 DDCs. Admittedly, in many cases, this 
principle will not provide adequate program guidance, but one practical conclu
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 in research on the inter
relations 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 local research 
institutions should aim to increase the capacity of these institutions to do re
search in these areas and to produce graduates skilled in water management
i.e., control and allocation at the source as well as on-farm use. 

*4. A.I.D. 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. 

5. As the use of pesticides becomes -more widespread in LDC agriculture-a
development which is now accompanying the diffusion of HYV's-A.ID. will 
need to concern itself with the problems they create. 

VI. RESEARCH 
A. Findings 

Continued growth in agriculture depends on a continuing flow of new technol
ogy which can only come from adequate research, 

The ability of scientists to manipulate the genetic-structure of plants has been 
applied to problems of food production in the tropics and sub-tropics only in 
recent years. The success of IRRI in producing IR-8 within a five-year period
demonstrates the remarkable breakthroughs which may be accomplished when 
competent inter-disciplinary teams are mobilized to concentrate on the achieve
ment 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 LDCs will be inadequate to perform the total task required for 
sustained agricultural -progress. Simultaneous action on two fronts is required: 

http:HYV's-A.ID
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a. The competence of the LDOs, themselves, to carry on agricultural research 
must be progressively improved, and the ultimate objective should be to bring 
each country ito the highest level appropriate to its size, resources and agricul
tural problems 

b. The deficiencies in scientific competence so common throughout the develop
ing world must be compensated for, to the extent possible, by the importation
of materials and skills. The mass of the world's scientific skills is now concen
trated in the developed countries, in universities, research stations, foundations, 
the private sector, and these skills have not as yet teen fully mobilized to provide 
both external assistance and to strengthen indigenous institutions and capabili
ties. (The provision of scientific skills and improved materials to the LDCs by 
institutions in the developed countries, incidentally, can serve other than purely 
altruistic purposes. The research capabilities of these institutions and their 
teaching competence may both benefit from involvement in the problems of 
the LDCs ) 

Some immediate improvement in many LDOs 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 calls for an increase in the total number of scientifi
cally trained personnel. 

Among the subjects which merit priority research attention are: 
a. Further adaptation of existing high-yielding 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-tropics need to be developed. 

b. Improvement of cereals for non-irrigated areas. 
c. Cropping systems for the humid tropics. 
d. Improved knowledge of soil fertility, plant structure, disease and insect 

control 
e Irrigation, drainage, and other problems of water management. 
f. Vegetables and legumes. 
g. Technology of food processing adapted to LDQ capability and market 

potential. 
B. Implicationsfor A.ID. 

*1, It is clear that there should be a significantly greater investment in 
research on problems of agricultural development in the LDCs, and on creating 
additional LDC capability to do research work. This will require a substantial 
increase in budgetary allocations to agricultural research in many LDOs, and a 
material strengthening of institutions capable of providing advanced training in 
the agricultural sciences. It will also require a considerable increase in A.I.D,'s 
own budget for the support of agricultural research and for assistance to the 
building of institutional competence in the LDCs. 

*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 a profitable technology for the disad
vantaged farmers of these areas, comparable to the HYVs developed for areas of 
assured water supply. 

3 The question of A.I.D.'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 connection with the 
support of agricultural universities in the LDOs and needs to be raised again 
here. The Agency has supported certain LDO agricultural universities for more 
than a decade; has engaged some U.S universities in research over a span of 
years; and has given letters to both IRRI and OIMMYT stating the intent to 
contribute to these institutes on a continuing basis. Thus, the Agency is not with
out instruments to strengthen its commitment to long-term institutional develop
ment, and should make full use of them in the future. 

'4. Greater stress in A I.D-financed projects should be placed on building more 
research and service capabilities into LDC universities and other institutions: 

a. Consideration should' be given to the development or arrangements which 
will permit continued collaboration on research projects between U.S. and LDO 
,institutions after the LDC institution "comes of age" and ceases to require con
tinued support 
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b. In strengthening local research competence, A.I.D. should, where conditions 
are propitious, assist LDOs in reorganizing their research capacity to greater 
effect. Quality of research is likely to be more important than quantity. 

c. To increase the sum-total of LDO capacity, more advanced training of per
sonnel is also required, most notably the agricultural universities (See IVT B.). 

5. When A.ID. considers phasing out the assistance program in a country 
which is reaching a position where general concessionary assistance is no longer 
justifiable, special attention should be directed to the stage of research capability 
achieved, and, *here further assistance is required to bring agricultural research 
institutions to a state of maturity, means should be sought to accomplish this 
purpose. 

6. In seeking to improve the input of skills and materials from the developed 
world, obviously A.I.D. needs to start from the base which already exists and 
to go on from there. Steps clearly indicated are the following:

*a. Support and strengthen internationaLresearch 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 a long-term basis in the 
United States-both in the U.S. government institutions and in the Land-Grant 
universities. (A nucleus of such center supported by A.I.D. already exists. A.I.D. 
depends on TVA for its basic work in fertilizers, on the USDA for economic 
analysis and for certain genetic work. Contracts already exist -with a number 
of Land-Grant universities-e.g., Purdue in corn and sorghum, Nebraska in 
wheat, ilississippi in seeds). 

c. There are other developed countries and international bodies which have. 
capabilities in this area, and are prepared to contribute. Wherever possible, A.I.D. 
should encourage such participation, with the object of helping to promote a net
work of relationships among the various institutions around the world which are 
involved in related tasks. 

*7. Property to encourage and support research wjll require improved profes
sional competence for A.I.D. This can be done in large measure by use of USDA 
oersonnel and consultants. but it is also essential to have some strengthening of 
A. D.'s own in-house capabilities. 

48. The Agency needs a clearer overview of the research needs of the developing
countries and of the network of institutions which can most effectively meet these 
needs. The development of a framework for wise decisions concerning the in
vestment of additional research funds is needed. The possibility of performing 
this task in co-operation with the Foundations and other appropriate organiza
tions-national and international-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 LDG system) ?
 

b how should these tasks be allocated?
 
c. how can results achieved be more effectively tied into programs in the 

LDOs? 
VII-A. EMERGING PROBLEMS: CEREAL SURPLUSES 

A., Findings 
The HYV program has demonstrated the feasibility of overcoming deficits in 

cereal production in Asia. Similar evidence applicable to other regions is avail
able. But increases in rice and wheat production do not solve the problem of 
protein deficiency. In fact, to the extent that the cereals are planted on land 
formerly used to produce legumes they may even aggravate the problem

As the HYV program expands, the potential for surplus production 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 LDOs may look forward' to a 'cereal export position. However, 
the highly cifipetitive nature of the international cereals market and the com
parative Advantage of some countries, mostly in the developed world, will limit 
this option for most LDC's. Surpluses 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-stimula
tion of a few. 

With the increased yields afforded by IIYVs, a smaller total acreage will be 
required to meet the country's cereal requirements, even assuming-an increase 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 to other 
crops and into poultry and aninfal production. 
B. Implications for A.I.D. 

1. Before deciding to support expanded production of a particular food crop 
in a particular LDO, A.LD. should consider the following questions: 

a, Is the crop now (or could it become), an important element of the local 
diet? 

b, Is production already seriously below effective demand, or is it begin
ning to lag significantly behind the rate of population growth? 

c. 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 L]D0s has not-always been accurately assessed in the past A.LD. 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-sufficieney in cereals production, A.I.D. 

should seek to stimulate progress in the following areas: 
a. Agricultiraldiverafication,to provide a -basisfor internal consumption pat

terns and, where comparative advantage can be developed, for export income. 
There may be possibilities for poultry and animal production in some countries 
which should not be overlooked. 

bi. Development of 'the market, to expand sales and facilitate diversification 
Relief of chronic food deficits will make it easier for the country to reduce the 
prices of cereals, to follow an expansionary employment policy through public 
works which are labor intensive and provide infrastructure for the agricultural 
sector, or to take other income distributior measures leading to increased food 
demand. 

c. Nutrition education, to play an increasing role in stimulating national de
mand for higher quality food and the agricultural diversification needed to meet 
the demand. 

d. Development of agri-usiness,to encourage the processing of cereal prepara
tions and of other products of a diversified agriculture and thereby expand the 
consumer base, as well as provide increased employment and incomes. 

3. Broadened. participation by small farmers, both in production 'campaigns 
and in general increases in agricultural sector income, should be a continuing 
preoccupation. Initial response to the HYV is normally among the more alert and 
advanced farmers. Broad involvement by the less fortunate must be engineered 
before self-sufficiency is achieved or the resultant market squeeze will probably 
worsen rural poverty. 

T.I-B. EMERGING PROBLEMS: SOCIO-POLfITOAL EFECS 
A. Findings 

The introduction of HYV in the countries studied has increased wealth, and 
in most cases probably increased employment. But in some regions it has in
creased income disparities, within the region, and it has accentuated the dis
parity between the more productive regions with good soil snd adequate water, 
and those not so well endowed. 

These are problems which can now be readily seen; in some cases they were 
doubtless anticipated. Perhaps policies could have been devised which would have 
tended to widen the benefits and diminish the disparities which resulted from 
HYV introduction. Even in retrospect, however, it is not obvious what these 
policies could have been, given the social, economic and political environment in 
which the programs had to operate. Certainly a policy of seeking to maintain an 
equally shared poverty was not a 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 agricultural popu
lation of the LDsC--is serious. 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 remedial 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 crops ultimately permit their produe-,
tion of a larger share of food grains, as irrigated lands are progressively shifted 
to higher quality foods. But therelis 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 agrieultual innovations. The budgetary resources of most 
LDCs are severely limited and their problems will grow more acute with the 
dwindling awaysof contributions from PL 480. Public necessity as well as simple
considerations of equity require that means be 'found for funneling part of this 
newly created wealth into the state treasury. A solution of this problem might
facilitate progress in leveling disparities and improving the lot of the dis
advantaged. 

Stresses and strains will-continue, and panaceas are unlikely to be revealed by
generalized social science research. These socio-political problems tend- to be 
highly location specific, and thei solution will depend primarily on the sensitiv
ity of local political leaders. Though A.I.D.-financed research in social science 
mayhelp these-leaders-to-anticipate -problems and to tind solutions, -it cailift 
supply sensitivity where none exists. 
B. Implications for AJl.D 

1. A.I.D. should encourage LDO policies-which
a. Channel part of the profits of farmers most advantaged by introduc

tion sof -new varieties into productive enterprise and the public treasury.
b. 'Use resources to -construct infrastructure which will tend. to benefit 

smaller farmers. 
c. Provide extension andperhaps credit in a. manner to promote-diffusion 

among later adopters. 
d. Provide more jobs in rural areas, e.g., by encouraging labor-intensive 

types, of agriculture, food .processing and other rural-basedlabor-intensive 
iildustry, and rural public works. (As indicated in VILB. 2-b, significant ad
ditions to the food supply should facilitate the adoption of expansionary
employment policies.) 
, e. Do notpromote the adoption.of labor-saving machinery (for example
by making the 'import or production of such machinery attractive).

2. Success in persuading host countries-to avfid providing special inducements 
to use labor saving machinery (V. B. 2.1) and support of-an-intensified research 
effort on ary-'land crops (VT. 'B. 2:) ivouldtelp to diminish socio-politicaLstrains.

3. A.I.D. should furnish assistance to those ,governments wiich desire -to 
undertake research on the socio-political effects of introducing new agricultural 
technologies. 
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