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THE NOBEL PRIZE FOR PEACE
Speech by Mrs. AAsE LIONAES, President of the Lagting

Your Majesty, Your Royal Hignesses, Ladies and Gentlemen
In the will and testament drawn up by Alfred Bernhard Nobel on November
the 27, 1895, he laid down the conditions to be fulfilled by a recipient of the
Nobel Prize. Paragraph one states, inter alia, that the award ~e Prize shall
be made to the person "who, during the preceeding year, shall have conferred the greatest benefit on mankind."
The Nobel Committee of the Norwegian Stortingmust bear this criterion in
mind in selecting' the prize winner from among the !Oany proposals submitte~.
What might be a "benefit" to humanrty today? Many answers could be
given, just as varied, as many-sided, and as interesting as -man himself.
Does not history offer orie signpost indicating and at all times identifying
the basic needs of man, which it would be a "benefit'l to satisfy?
One of the great historical events in Europe during the course of our.
dramatic century, the Russian Revolution of 1917, had this inscriptionori
its banner: "Bread and Peace". Bread and Peace present a combimttionof the
vital needs mankind has always set as an aim vital to the development of its
potential.
Freedom from starvation was furthermore one of the freedoms our first
global peace organization, the United Nations, recognized in 1945 as a basic
human right to be secured for all people. On October the 16th, 1945, FAO;
that is to say the United Nations Organization for Food and Agriculture, the
first of UNO's specialized agencies, was established.
In 1949 FAO's Director General, the nutrition expert Lord Boyd Orr, was
awarded the Nobel Peace Prize.
This year the Nobel Committee of the Norwegian Storting has awarded
Nobel's Peace Prize to a scientist, Dr. Norman Ernest Borlaug, because, more
than any other single person of this age, he has helped to provide bread for
a hungry world. We have made this choice in the hope that this will also give
the world peace.
Who is this scientist who, through his work in the laboratory and in the
wheat fields, has helped to create a new food situation in the world, and who
has turned pessimism into optimism in our dramatic race between the popula.
tion explosion and the production of food?
Norman Borlaug, a man of Norwegian descent, was born on March the
25th, 1914, on a small farm in Cresco, Iowa, in the United States, and
originally studied forestry at the University of Minnesota.· It was, however,
as an agriculturalist that he was to make his greatest contribution.
In 1944 Borlaug was appointed to a post as a genetics expert with the

Rockefeller Foundation. In 1942 this Foundation had launched an agricultural
program in Mexico. in cooperation with the Mexican government. This project
was directed by two outstanding plant pathologists, Professors Stakman and
J. George Harrar. Its aim was research into and a better exploitation of
agricultural know-how, with the view to developing Mexico's agriculture and
in this way increasing and improving local food supplies. For the outstanding
contribution to peace this agricultural program represented the Rockefeller
Foundation was in 1962 proposed as a candidate for Nobel's Peace Prize by
ten members of the Swedish Riksdag.
It is interesting to note that the Norwegian Academy of Sciences in Oslo,
as far back as 1951, elected the leader of this project, Professor Stakman, a
member of its Mathematical-Natural Science class.
Twenty years later, in 1971, his pupil, Dr. Norman E. Borlaug, was created
an honorary doctor by the Norwegian Agricultural College at As. The Rector
of this institution, Professor J ul Lag, declared that this honor had been
awarded for the following reason:
"The basis for the award of the degree of honm-ary doctor to Borlaug is
the impressive results he has achieved in wheat improvement, and the organization of the exploitation of the results of this improvement in agriculture,
particularly in the developing countries. The new breeds of grain evolved by
Dr. Borlaug and his assistants have resulted in improvements in harvest,
quantitatively and qua.litatively. that previously were considered hardly possible".
This distinction is only one of a grt'at lllany academic awards conferred on
Dr. Borlaug by universities and similar institutions in the USA, Pakistan,
India and Canada.
Dr. Borlaug came to the International Maize and Wheat Improvement
Center in 1944. Today he is director of the Wheat Improvement Project in
.Mexico.
Ever since that day, twenty-five years ago, when Dr. Borlaug started his work
. on the improvement of grain, and right up to the present, he has devoted all
his energy to achieve the historical result which today, all over the world,
is referred to as "the green revolution". This revolution will make it possible
to improve the living conditions of hundreds of millions of people in that
part of the globe which today might be called "the non-affluent world".
Nations with an ancient culture, who right up to modern times have suffered the scourge of recurrent hunger crises, can now be self-supporting in
wheat. A long and humiliating dependence .on the so-called rich nations of
the world for their daily bread will have been brought to an end.
Behind the outstanding results in the sphere of wheat research of which
the dry statistics speak, we sense the outline of a dynamic, indomitable and
refreshingly unconventional research scientist.
Dr. Borlaug is not only a man of ideals, but essentially a man of action.
Reading his book on "the green revolution" one realizes that he is fighting
not only weeds and rustfungus, but just as much the deadly procrastination
of the bureaucrats and the red tape that thwarts quick action.

The following warning occurs to remind us of this in his book:
"One of the greatest threats to mankind today is that the world may be
choked by an explosively pervading but well camouflaged bureaucracy"
Dr. Borlaug cannot afford to wait: there is an important- cause weighing on
his mind, something that must be carried out, and must be carried out now.
He puts it like this: "I am impatient, and do not accept the need for slow
change and evolution to improve the agriculture and food production of the
emerging countries. I advocate instead a 'yield kick-off' or a 'yield blast-off'.
There is no time to be lost, considering the magnitude of the world food and
population problem."
Apart from his work as a scientist, and as an outstanding organizer in exploiting the results of research, Dr. Borlaug has also been an inspiring leader
for the many young scientists who have been trained at the Wheat Institute
in Mexico.
Dr. Borlaug prefers to teach his pupils out in the fields; many people, we
are told, who ask him to lecture, or write a paper, get the following reply:
"What would you rather have-bread or paper?"
In 1944, when Dr. Borlaug started work on the Mexican agricultural project,
there were not so many people concerned with the relationship between the
trends in population growth and the increase in food production in the world.
After the war, when most colonial empires were gradually dismantled, and
t!0--70 developing areas emerged as independent national states, it was
primarily the incredibly poor standard of health in these countries that
appealed to our conscience.
Through its Health Organization, the United Nations launched a formidable attack in the 1950's on the great national diseases in these n~w states. One
of the results of the preventive medical measures set on foot was a drastic
decrease in the mortality rate of the developing countries. And it was not until
the 1960's that the prospects of a population explosion constituted a menace,
not only to the developing countries but to the whole world.
The population explosion is being attacked essentially from two angles: by
information on family planning and by an increased effort, first and foremost
through research, to increase the agricultural yield.
When Borlaug and other scientists initiated their work at the Wheat Center
in Mexico, the Mexican authorities had little faith in their country's potential
as an agricultural country. It was assumed that the country had neither the
climate nor the soil required for advanced agriculture. The country spent a
great deal of its foreign currency importing the necessary wheat.
Wheat researchers attached to the Rockefeller Foundation's project were
set the task of helping Mexico, in as short a time as possible, to help herself.
The scientists were to play the role, not of consultants entrenched behind their
documents in their offices, but as active participants in the practical manual
labor and toil in the fields.
To many young scientists this last principle may have entailed a somewhat
unpalatable reassessment of their social status, but it was undoubtedly a wholesome maxIm.

In his book "The Green Revolution" Dr. Borlaug relates that the Mexican
wheat program aimed at clarifying all the factors that hampered production.
Furthermore, the idea was to train young scientists in all scientific disciplines
associated with production. The aim of this research, Dr. Borlaug continues,
was to endeavour to develop a variety of wheat with greater yields, with a
great degree of resistance to diseases and with qualities that rendered it suitable for use in connection with improved agronomic methods, that is to say
the use of artifical fertilizers, improved soil culture and mechanization.
The result of the concerted attack launched by the team of scientists on all
these problems was the new Mexican breeds of wheat, which are now generally
known, which produce astonishingly large yields, which are resistant to disease,
an:! which facilitate intensive use of fertilizers. Unlike previously known
breeds of wheat, the new types can be transferred to remote parts of the world
with a different climate.
The most important event in the Mexican wheat improvement program was
the development of the so-called "dwarf varieties". After years of research
on the part of Dr. Borlaug and his collaborators t2 develop, by crossing and
selection, the so-called Japanese breed of wheat, they evolved the new worldfamous "dwarf-variety".
These are breeds of wheat, which unlike previously known long-bladed
varieties, have short blades. The long-bladed varieties of wheat, on which
work was done in the 1950's, gave increased yields, but snapped when they
were given more than a certain amount of artificial fertilizer. The new
dwarf varieties were able to stand two or three times as large quantities
of artificial fertilizer, and resulted in an increase of yield per decare from the
previous maximum of 450 kilos to as much as 800 kilos per decare. These
varieties can be used in various parts of the world, because they are not affected by varying lengths of daylight. They are better than all other kinds in both
fertilized and non-fertilized soil, and with and without artificial irrigation.
In addition they are highly resistant to the worst enemy of wheat, rust-fungus
or oromyces.
Thanks to these high-yield breeds of wheat Mexico was self-supporting in
this grain in 1956, and in recent years this country has exported several hundred thousand tons annually.
At the invitation of FAO Dr. Borlaug visited Pakistan in 1959. He was
instrumental in having a number of Pakistani wheat experts sent to Mexico
to study the wheat research center there. After striving hard to convince
Pakistani authorities and other foreign experts, Dr. Borlaug persuaded the
political leaders of Pakistan to recognize the advantages of introducing the
new Mexican breeds of wheat into their country. At that time the agriculture
of West Pakistan was producing a steady annual deficit in relation to national
needs. Wheat yields were low, approximately 100 kilos per decare on an average. Farming methods were primitive, the soil had been over-cropped, while
artificial fertilizer was a rarity.
After struggling successfully to overcome bureaucracy, prejudice and even
rumors to the effect that Dr. Borlaug's variety of wheat would produce sterility

"
and impotence among the population, it was finally decided that Pakistan
should import a certain quantity of Mexican seed-corn of the new breed. Once
the seed-corn had been introduced and yielded superb results in the form of
increased crops, the triumphal progress of "the green revolution" was ushered
in. Pakistan's present-day wheat production amounts to 7 million tons, and
the country is self-supporting in wheat. That this could be achieved in the
course of three-four years, was due not least to the fact that the President of
Pakistan had personally supported the program very strongly, and that the
results achieved in Mexico could be used as a basis. This saved the country
a great many years of research and experiment.
Dr. Borlaug was in India in 1963 in order to find out whether the breed
of wheat he had developed in Mexico could be used in this country too, and
history repeated itself. The highest results in the history of India were achieved
in 1968 with a crop of 17 million tons. This event was celebrated in India
with the issue of a new postage stamp bearing the inscription "The Indian
Wheat Revolution 1968".
After the successful results achieved in Mexico, India and Pakistan, the new
varieties of wheat have been introduced into certain parts of Turkey, Afghanistan, Iran, Iraq, Tunisia, Morocco and the Lebanon. The Soviet Union, too,
is now interested in establishing contacts with the International Maize and
Wheat Research Center in Mexico.
This occasion is neither the time nor the place to give a detailed account
of Dr. Borlaug's great results in wheat research during the last twenty-five
years. But it has been established beyond doubt that his efforts have made
possible an unequalled increase in wheat production and an improvement" in
quality that has postponed a crisis that a great many S<..ientists so far have
predicted would be the result of the growing gap between the population
explosion and food production.
In assessing the effects of Dr. Borlaug's great contribution it is obvious that
a whole series of factors-, of an economic, social, cultural and political nature,
are involved-not merely in the various developing countries,-as well as
international relations. A problem of such importance as the aid given by the
industrialized countries to the developing countries must also be basically
reassessed. It is obvious that we can no longer count on the export of grain
to the developing countries. Loans for -the purchase of industrial equipment
and technical know-how must be given greater priority.
The new variety of wheat will be able to effect a total transformation of
the economic picture in the developing countries.
Society wili be richer, industry will be more varied, if the politicians at the
same time pursue an economic policy which aims at a general economic
growth. The increased earnings of agriculture will insure "ring-effects" in the
form of growth impulses in all the activities created by more productive agriculture. It would be possible to increase employment; sowing, fertilizing,
hoeing, harvesting, marketing' will have to be carried out several times a year.
Seasonal unemployment would be reduced; a balanced economic policy, cor- ,
reedy pursued, should make it possible to provide work for the large surplus

of available manpower in the developing countries. It is maintained, for
example, by Lester Boown in his book "Seeds of Change", that there might
even be a shortage of labor on a local basis.
The new technology in agriculture could also stimulate branches of the
economy, such as industry, building and construction work throughout the
social economy. For instance, the increase in crop yields will require the building of artificial fertilizer factories, roads, irrigation works, railways, warehouses, silos and mills. Outlying districts will be able to receive the economic
pollination necessary for the building of schools and hospitals. From whatever
angle we consider it, the effects of the "green revolution" will entail an increased total production which will make the developing countries economically better placed and more independent of the aid provided by the affluent
countries, as far as foodstuffs are concerned.
In an article published in "Foreign Affairs" the agricultural expert Lester
Brown states that the new breed of grain in our age will have the same impact
on the agricultural revolution in Asia as the steam engine had on the industrial
revolution in Europe in the 18th Century. Or, a-s Eugene Black puts it, "the
new grain varieties will be 'engines of change' ".
Not least these "engines of change" will transform the position of the peasant
in the community, and the peasant's attitude to his own situation in life. A
new policy of income distribution, socially orientated, will enable the peasant
to break out of the vicious circle of poverty and the apathy which is a natural
consequence of a penjury that offers no future prospects. Many writers who
have dealt with the peasant population of developing countries have maintained that they are conservative, in the sense that they do not want any
change. But Dr. Borlaug-who is a great admirer of the peasant-maintains
that when changes involve a rise in the standard of living, the Asiatic peasant,
too, will accept change. To quote from Dr. Borlaug's book: "Although the
peasant farmer may be illiterate, he can figure".
The new varities of grain and the capital input required will increase the
peasants' demands on the authorities for education, transport, agricultural
credits, etc. The capital-hungry peasants could constitute a political pressure
group which the authorities will have to take into consideration in framing
their economic policy. There would thus be an increase in political activity.
Dr. Borlaug, however, realises that even though the new varieties of grain
will involve a considerable inctease in the crop harvested by the peasants,
"the green revolution" might also create social problems of a negative kind.
If politicians in the developing countries should fail to ensure the requisite
conditions by means of equitable taxation, a system of agricultural credits at
reasonable rates of interest, a properly adjusted price policy and a defensible
employment policy, social injustices might well occur.
In his speech on August the 20th this year at the Agricultural College at As
Dr. Borlaug expressed his social views as follows:
"I've worked with wheat, but wheat is merely a catalyst, a part of the picture. I'm interested in the total economic development in all countries. Only
by attacking the whole problem can we raise the standard of living for all

people in all communities, so that they will be able to live decent lives. This is
something we wish for all people op this planet."
But this will be the responsibility and challenge to be faced by the political
au~horities in the countries concerned. Through his scientific contribution and
his tremendous talent for organization Dr. Borlaug has introduced a dynamic
factor into our assessment of the future and its potential. He has enlarged our
perspective; he has given the economists, the social planners and the politicians
a few decades in which to solve their problems, to introduce the family planning, the economic equalization, the social security and the political liberty we
must have in order to ensure everybody-not least the impoverished, undernourished and faultily nOluished masses-their daily bread, and in this way
a peaceful future.
And this is precisely where Dr. Borlaug has made his great contribution to
peace. During the. twenty-five years that have elapsed since the end of the
war, those of us who live in the affluent industrialized societies have debated
in almost panic-stricken terms the race between the population explosion in
the world and the available food 'resources. Most experts who have expressed
an opinion on the issue of this race have been pessimistic.
The world has vacillated between fear of two catastrophes-the population
explosion and the atom bomb. Both pose a mortal threat.
In this intolerable situation, with the menace of doomsday hanging over us,
Dr. Borlaug comes onto the stage and cuts the Gordian knot. He has given us
a well-founded hope, an alternative of peace and of life-"the green revolution" .
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There can be no permanent progress in the battle against hunger until the
agencies that fight for increased food production and those that fight for
population control unite in a common effort. Fighting alone, they may win
temporary skirmishes, but united they can win a decisive and lasting victory
to provide food and other amenities of a progressive civilization for the benefit
of all mankind.
Then, indeed, Alfred Nobel's efforts to promote Brotherhood between
nations and their peoples will become a reality.
Let our wills say that it shall be so.
And to show my appreciation for this new honor, I will do my best to help
make it so.
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THE GREEN REVOLUTION, PEACE,
AND HUMANITY
By
NORMAN

E.

BORLAUG

Head of the International Wheat Research and Production Program of the
International Maize and Wheat Improvement Center. Londres 40, Mexico,
D.F. Mexico.
Lecture on the Occasion of the Award of the Nobel Peace Prize for 1970. Oslo,
Norway, December 11, 1970

Civilization as it is known today could not have evolved, nor can it survive,
without an adequate food supply. Yet food is something that is taken for
granted by most world leaders despite the fact that more than half of the
population of the world is hungry. Man seems to insist on ignoring the lessons
available from history.
,....
Man's survival, from the time of Adam and Eye until the invention of agriculture must have been precarious because of his inability to ensure his food
supply. During the long, obscure, dimly defined prehistoric period when man
lived as a wandering hunter and food gatherer, frequent food shortages must
have prevented the development of village civilizations. Under these conditions
the growth of human population was also automatically limited by the limitations of food supplies.
In the misty, hazy past, as the Mesolithic Age gave way to the Neolithic,
there suddenly appeared in widely separated geographic areas the most highly
successful group of inventors and revolutionaries that the world has ever
known. This group of Neolithic men and women, and in all probability largely
the latter, domesticated all the major cereals, legumes, and root crops, as well
as all of the most important animals that to this day remain man's principal
source of food. Apparently, nine thousand years ago, in the foothills of the
Zagros Mountains, man had already become both agriculturist and animal
husbandryman, which, in turn, soon led to the specialization of labor and the
development of village life. Similar discoveries and developments elsewhere
soon laid the groundwork from which all modern agriculture and animal
industry and, indeed, all of the world's subsequent civilizations have evolved.
Despite the tremendous value of their contributions we know none of these
benefactors of mankind by name. In fact it has only been within the past
century, and especially within the last 15 years-since the development of the
effective radio-carbon dating system, that we have begun even vaguely to
understand the timing of these epochal events which have shaped the world's
destiny.
The invention of agriculture, however, did not permanently emancipate
man from the fear of food shortages, hunger, and famine. Even in prehistoric
times population growth often must have threatened or exceeded man's ability

to produce enough food. Then, when droughts or outbreaks of diseases and
insect pests ravaged crops, famine resulted.
That such catastrophes occurred periodically in ancient times is amply clear
from numeFOUS biblical references. Thus, the Lord said: "I have smitten you
with blasting and mildew" (Amos 4: 9); "The seed is rotten under their clods,
the garners are laid desolate, the barns are broken down; for the corn is withered . .. The beasts of the fields cry also unto thee:, for the rivers of waters
are dried up, and the fire hath devoured the pastures of the wilderness" (Joel

Food: a moral
right

1: 17, 20).
,
Plant diseases, drought, desolation, despair-were recurrent catastrophes
during the ages. And the ancient remedies: supplications to supernatural
spirits or Gods. And yet, the concept of the "Ever-normal granary" appeared
in elementary form, as is clear from Pharaoh's dreams, and Joseph's interpretation of imminent famine and his preparation for it, as indicated by this
quotation from Genesis: "... And the seven years of dearth began to come,
according as Joseph had said: and the dearth was in all lands; but in all the
land of Egypt there was bread ..." (Genesis 41: 54). For his time, Joseph was
..wise, with the help of his God.
But today we should be far wiser; with the help of our Gods and our science
we must not only increase our food supplies but also insure them against
biological and physical catastrophes by international efforts to provide international granaries of reserve food for use in case of need. And these food
reserves must be made available to all who need them-and before famine
strikes, not afterwards. Man can and must prevent the tragedy of famine in
the future instead of merely trying with pious regret to salvage the human
wreckage of the famine, as he has so often done in the past.' We will be guilty
of criminal negligence, without extenuation, if we permit future famines.
Humanity cannot tolerate that guilt.
Alfred Nobel was also very conscious of the importance of food, for he once
wrote: "I would rather take care of the stomachs of the living than the glory
of the departed in the form of monuments" .
The destiny of world civilization depends upon providing a decent standard
of living for all mankind. The guiding principles of the recipient of the 1969
Nobel Peace Prize, the International Labor Organization, are expressed in its
charter in the words, "Universal and lasting peace can be established only if
it is based upon social justice. If you desire peace, cultivate justice". This is
magnificent; no one can disagree with this lofty principle.
Almost certainly, however, the first essential component of social justice is
adequate food for all mankind. Food is the moral right of all who are born
into this world. Yet today 50 percent of the world's population goes hungry.
Without food man at most can live but a few weeks; without it, all other
components of social justice are meaningless. Therefore I feel that the aforementioned guiding principle must be modified to read: If you desire peace,
cultivate justice, but at the same time cultivate the fields to produce more
bread; otherwise there will be no peace.
The recognition that hunger and social strife are linked is not new, for it

/

is evidenced by the old testament passage " ... and it shall come to pass that
when they shall be hungry, they shall fret themselves and curse their King
and their God ..." (Isaiah 8: 21).
Perhaps no one in recent times has more pungently expressed the interrelationship of food and peace than Nobel Laureate, Lord John Boyd Orr, the
great crusader against hunger and the first director general of the Food and
Agricultural Orgariization, with his famous words, "You can't build peace on
empty stomachs." These simple words of wisdom spoken twenty one years ago
are as valid today as when they were spoken. They will become even more
meaningful in the future as world population skyrockets and as crowding,
social pressures, and stresses increase. To ignore Lord Orr's admonition would
result in worldwide disorders and social chaos, for it is a fundamental biological law that when the life of living organisms is threatened by shortage
of food they tend to swarm and use violence to obtain their means of sustenance.
It is a sad fact that on this earth at this late date there are still two worlds,
"the privileged world" and "the forgotten world". The privileged world consists of the affluent, developed nations, comPi"ising 25 to 30 percent of the
world population, in which most of the people live in a luxury never before
experienced by man outside of the Garden of Eden. The forgotten world is
made up primarily of the developing nations, where most ?f the people, comprising more than 50 percent of the total world population, live in poverty,
with hunger as a constant companion and fear of famine a continual menace.
When the Nobel Peace Prize Committee designated me the recipient of the
1970 award for my contribution to the Green Revolution, they were in effect,
I believe, selecting an individual to symbolize the vital role of agriculture and
food production in a world that is hungry, both for bread and for pea.:e. I am
but one member of a vast team made up of many organizations, officials,
thousands of scientists, and millions of farmers-mostly small and humblewho for many years have been fighting a quiet, often-times losing war on the
food production front.
During the past three years spectacular progress has been made in increasing
wheat, rice, and maize production in several of the most populous developing
countries of southern Asia, where widespread famine appeared inevitable only
five years ago. Most of the increase in production has resulted from increased
yields of grain per hectare, a particularly important development because
there is little possibility of expanding the cultivated area in the densely populated areas of Asia.
The term "The Green Revolution" has been used by the popular press to
describe the spectacular increase in cereal-grain production during the past
three years. Perhaps the term Green Revolution, as commonly used, is premature, too optimistic, or too broad in scope. Too often it seems to convey
the impression of a general revolution in yields per hectare and in total production of all crops throughout vast areas comprising many countries. Sometimes it also implies that all farmers are uniformly benefited by the breakthrough in production.
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These implications both oversimplify and distort the facts. The only crops
which have been appreciably affected up to the present time are wheat, rice,
and maize. Yields of other important cereals, such as sorghums, millets and
barley, have been only slightly affected; nor has there been any appreciable
increase in yield or production of the pulse or legume crops, which are essential in the diets of cereal consuming populations. Moreover, it must be emphasized that thus far the great increase in production has been in irrigated
areas. Nor have all cereal farmers in the irrigated areas adopted and benefited
from the use of the new seed and the new technology. Nevertheless, the number
of farmers, small as well as large, who are adopting the new seeds and new
technology is increasing very rapidly, and the increase in numbers during the
past three years has been phenomenal. Cereal production in the rainfed areas
still remains relatively unaffected by the impact of the Green Revolution, but
significant change and progress are now becoming evident in several countries.
Despite these qualifications, however, tremendous progress has been made
in increasing cereal production in India, Pakistan, and the Philippines during
the past three years. Other countries that are
... beginning to show significant
increases in production include Afghanistan, Ceylon, Indonesia, Iran, Kenya~
Malaya, Morocco, Thailand, Tunisia, and Turkey.
Before attempting to evaluate the significance of the Green Revolution one
must establish the point of view of the appraiser. The Green Revolution has
an entirely different meaning to most people in the affluent nations of the privileged world than to those in the developing nations of the forgotten world.
In the affluent, industrialized nations giant surpluses of wheat, maize and
sorghum are commonplace; cattle, swine, and poultry are fed and fattened
on cereal grains; meat, milk, eggs, fruits and vegetables are within the economic reach of most of the population; well balanced diets are more or less
automatically achieved, and cereal products constitute on1.¥ a modest portion
of the "daily bread". Consequently, most of the people in such societies have
difficulty in comprehending and appreciating the vital significance of providing
high yielding strains of wheat, rice, maize, sorghum, and millet for the people
of the developing nations. Understandably then, the majority of the urbanites
in the industrialized nations have forgotten the significance of the words they
learned as youngsters, "Give us this day our daily bread". They know that
food comes from the super-market, but only a few see beyond to the necessary
investments, the to~ struggle, and frustrations on the farms and ranches that
provide their daily ~ead. Since the urbanites have lost their contact with the
soil, they take food for granted and fail to appreciate the tremendous efficiency
of their farmers and ranchers, who, although constituting only five percent
of the labor force in a country such as the United States, produce more than
enough food for their nation.
Even worse, urbanites often vociferously criticize their government for
attempting to bring into balance the agricultural production of its farmers
with the domestic and foreign market demands for farm products, and which
is attempting thereby to provide the consumer an abundant food supply at

Catalysts
of the green
.
revolution

reasonable cost and also to assure a reasonable return to the farmer and
rancher.
Contrasting sharply, in the developing countries, represented by India,
Pakistan, and most of the countries in Asia and Africa, 70 to 80 percent of
the population is engaged in agriculture, mostly at the subsistence level. The
land is tired, worn out, depleted of plant nutrients, and often eroded, crop
yields have been low, near starvation level, and stagnant for centuries. Hunger
prevails and survival depends largely upon the annual success or failure of
the cereal crops. In these nations both undernutrition and malnutrition are
widespread and are a constant threat to survival and to the attainment of the
genetic potential for mental and physical development. The diets consist
primarily of cereals, which provide from 70 to 80 percent of the calories and
65 to 70 percent of the protein intake. Animal proteins are so scarce and
expensive as to be beyond the economic reach of the vast majority of the
population. Although many of these nations were self-sufficient and some were
exporters of cereals before the second world war, they are now net importers,
victims of population growth outrunning agricultural production". There is
little possibility in these cou~tries of expanding .the cultivated area to cope
with the growing demand. The situation worsens as crop yields remain stagnant
while human numbers continue to increase at frightening rates.
For the underprivileged billions in the forgotten world, hunger has been
a constant companion and starvation has all too often lurked in the nearby
shadows. To millions of these unfortunates, who have long lived in despair,
the Green Revolution seems like a miracle that has generated new hope for
the future.
The significance and magnitude of the impact of the so-called Green Revolution is best illustrated by changes in cereal production in India, Pakistan,
and the Philippines. In both India and Pakistan the rapid increase in yields
per hectare of wheat has been the major thrust of the Green Revolution.
Increases in rice yield also have played a major role in West Pakistan but
hitherto only a minor role in India. Increases in maize production have played
a modest but significant role in expanded cereal production in both India and
Pakistan; and increases in rice yields and production have been largely responsible for the change in cereal production up to now in the Philippines, Ceylon,
and Indonesia.
The Green Revolution in India and Pakistan, which is still largely the result
of a breakthrough in,heat production, is neither a stroke of luck nor an
accident of nature. Its success is based on sound research, the importance of
which is not self-evident at first glance. For, behind the scenes, halfway around
the world in Mexico, were two decades of aggressive research on wheat that
not only enabled Mexico to become self-sufficient with respect to wheat production but also paved the way to rapid increase in its production in other
countries. It was in Mexico that the high-yielding, Mexican dwarf varieties
were designed, bred, and developed. There, also, was developed the new production technology which permits these varieties, when properly cultivated, to
express their high genetic grain-yield potential-in general, double or triple
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There are no miracles in agricultural production. Nor
is there such a thing as a miracle variety of wheat.
rice, or maize which can serve as an elixir to cure all
ills of a stagnant, traditional agriculture.

It is the unusual breadth of adaptation. combined with
high genetic yield potential. short straw. a strong
responsiveness and high efficiency in the use of heavy
doses of fertilizers. and a broad spectrum of disease
resistance that has made the Mexican dwarf varieties
the powerful catalyst that they have become in launch·
ing the Green Revolution.

If the high-yielding dwarf wheat and rice varieties are the catalysts that have ignited
the Green Revolution, then chemical fertilizer is the fuel that has powered its
forward thrust. The responsiveness of the high-yielding varieties has greatly increased fertilizer consumption. The new varieties not only respond to much heavier
dosages of fertilizer than the old ones but are also much more efficient in its use.
The international centers were Cleveloped to supplement national agricultural
research, production, and training programs, not to replace them. I am convinced
that the international agricultural research institutes are developing a bond of
understanding among nations. based upon the common need for increasing production. We must all strive to strengthen this bond in the spirit of Alfred Nobel
" ... to promote brotherhood among the nations".

The dwarf Mexican wheats were first distributed in Mexico
in 1961, and the best farmers began to harvest 5, 6, 7 and
even 8 tons or more per hectare, and within seven years the
national average yields doubled. It was these same dwarf
Mexican wheats trom the Quiet Revolution that served as
catalysts to trigger off the Green Revolution in India, Pakistan
and other countries.

Millions of farmers who have successfully
grown the new wheat, rice, and maize varieties have greatly increased their income. And
this has stimulated the rapid growth of agroindustry by increasing the demand for fertilizers, pumps, machinery and other materials
and services.

If all nations abandon their idolatry of Arcs.
Mars. and Thor. then Mankind itself sho.uld be
the recipient of a Nobel Peace Prize. which is
"to be awarded to the person who has done
most to promote broterhood among the
nations" .

that of the best yielders among older, tall-strawed varieties.
There are no miracles in agricultural production. Nor is there such a thing
asa miracle variety of wheat, rice, or maize which can serve as an elixir to cure
all ills of a stagnant, traditional agriculture. Nevertheless, it is the Mexican
dwarf wheat varieties, and their more recent Indian and Pakistani derivatives,
that have been the· principal catalyst in triggering off the Green Revolution.
It is the unusual breadth of adaptation, combined with high genetic yield
potential, short straw,. a strong responsiveness and high efficiency in the use
of heavy doses af fertilizers" and a broad spectrum of disease resistance that
has made the Mexican. dwarf varieties the powerful catalyst that they have
.become in launching the Green Revolution. They have caught the farmers'
fancy, and during the 1969-70 crop season 55 percent of the 6 million hectares sown to wheat in Pakistan and 35 percent of the 14 million hectares in
India were sown to Mexican varieties or their derivatives. This rapid increase
in wheat production was not based solely on the use of Mexican dwarf varieties; it involved the transfer from Mexico to Pakistan and India of a whole
new production technology that enables these varieties to attain their high
yield potential. Perhaps 75 percent of the results of research done in Mexico
~;"..
in developing the. package of recommt;nded cultural practices, including
fertilizer recommendations, were directly'applicable in Pakistan and India.
As concerns the remaining 25 percent, the excellent adaptive research done
in India and Pakistan by Indian and Pakistani scientists while the imported
seed was being multiplied, provided the necessary information for modifying
the Mexican procedures to suit Pakistani and Indian conditions more precisely.
Equally as important as the transfer of the new seed and new technology
from Mexico to India and Pakistan was the introduction from Mexico of a
crop-production campaign strategy. This strategy harnessed the high grainyield potential of the new seed and new technology to sound governmental
economic policy which would assure the farmer a fair price for his grain, the
availability of the necessary inputs-seed, fertilizers, insecticides, weed killers
and machinery-and the credit with which to buy them. Collectively these
inputs and strategy became the base from which the Green Revolution evolved.
Never before in the history of agriculture has a transplantation of highyielding varieties coupled with an entirely new technology and strategy been
achieved on such.a massive scale, in so short a period of time, and with such
great success. The success of this transplantation is an event of 1;>oth great
scientific and social significance. Its success depended upon good organization
of the production program combined with skillful execution by courageous
and experienced scientific leaders.
Experimentation with dwarf Mexican varieties was initiated in both India
and Pakistan in 1963 and continued in 1964. Results in both countries were
highly promising. Consequently, in 1965, 350 and 250 tons of seed of the
Mexican dwarf wheat varieties were imported into Pakistan and India, respectively, for· wide-scale testing on farms. Again, the" results were highly
promising, and India reacted by importing 18 thousand tons during 1966.
A year later Pakistan imported 42 .thousand tons. With these" importations,
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the revolution in wheat production got underway in both countries. It was
the first time in history that such huge quantities of seed had been imported
from distant lands and grown successfully in their new home. These importations saved from three to five years' time in reaping the benefits from the
Green Revolution.
During the past three years wheat production has risen spectacularly in
both countries. Using as a base the pre-Green Revolution crop year 1964-65,
which produced an all-time record harvest in both countries, the production
in Pakistan increased from the 1965 base figure of 4.6 millions tons to 6.7,
7.2 and 8.4 millions of tons, respectively, in 1968, 1969, and 1970. West
Pakistan became self-sufficient in wheat production for the first time in the
1968 harvest season, two years ahead of our predictions. Indian wheat production has risen from the 1964-65 pre-Green Revolution record crop of
12.3 million tons to 16.5, 18.7 and 20.0 million tons during 1968, 1969 and
1970 harvests, respectively. India is approaching self-sufficiency and probably
would have attained it by now if rice production had risen more rapidly, because, with a continuing shortage of rice, considerable wheat is being substituted for it.
._,..
The introduction into West Pakistan of the high,;yielding dwarf rice variety
IR8, developed by the International Rice Research' Institute (IRRI) in the
Philippines, together with the new technology that makes it highly productive,
has also resulted in phenomenal increases in yield and production during the
past two years. Unfortunately, this variety has been less well adapted to climatic conditions in the monsoon areas of India and in East Pakistan and
therefore has had only a modest and occasional impact there. Newer varieties
which are now being multiplied promise to correct this situation.
The revolution in wheat and rice production in India and Pakistan has not
only greatly increased food production, but it also has had many indirect
effects on both the farmer and the economy. It is estimated that Indian and
Pakistani farmers who are cultivating the new Mexican dwarf wheat varieties
under the recommended management practices have increased their net income from 37 dollars per hectare with the local varieties to 162 dollars with
the dwarf Mexican varieties. During the past three harvests a total of 1.4
billion dollars and 640 million dollars have been added to the gross national
product (G.N.P.) of India and Pakistan, respectively, from the increase in
wheat production above the record 1965 base. The injection of this large increase in purchasing power into the economies has had many effects.
Large numbers of tubewells are being sunk by farmers in both India and
Pakistan in order to expand the irrigated area and improve the control of
irrigation water. It is estimated that a total of 70 thousand private tubewells
were sunk during the 1969-70 crop season in India, which brings about
1.4 million hectares of additional land under controlled irrigation, thereby
greatly expanding the food production potential. It is estimated that at present
less than half of the irrigation potential of India has been developed.
If the high-yielding dwarf wheat and rice varieties are the catalysts that
have ignited the Green Revolution, then chemical fertilizer is the fuel that
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has powered its forward thrust. The responsiveness of the high-yielding varieties has greatly increased fertilizer consumption. The new varieties not only
respond to much heavier dosages of fertilizer than the old ones but are also
much more efficient in its use. The old tall-strawed varieties would produce
only 10 kilos of additional grain for each kilo of nitrogen applied, while the
new varieties can produce 20 to 25 kilos or more of additional grain per kilo
of nitrogen applied. Consumption of nitrogen fertilizer in India has increased
from 58 thousand metric tons of nutrients in 1950-51 to 538 thousand and
1.2 million metric tons in 1964-65 and 1969-70 crop cycles, respectively;
and about 60 percent of this amount was produced domestically. Phosphate
consumption is approximately half that of nitrogen. A large part of the fertilizer currently being used is for wheat. The targeted consumption and domestic production needs of nitrogen for 1973-74 are 3 million and 2.5 million
metric tons, respectively, a fantastic threefold increase in consumption and
a fivefold increase in production. These fertilizer targets must be attained if
the targeted production of 129 million metric tons of cereal is to be realized.
Mechanization of agriculture is rapidly following the breakthrough in
\\']teat production. Prior to the first big ~eat crop in 1968, unsold tractors
accumulated at the two factories then in -production; at present, prospective
purchasers must make written application for them and wait one or two years
for delivery. Although five factories with an output of 18 thousand units per
year, are now producing tractors. 35 thousand units were imported in 1969-70.
The traditional method of threshing by treading out the grain with bullocks,
followed by winnowing. is now inadequate for threshing the increased volume
of wheat before the onset of the monsoon rains. Consequently, hundreds of
thousands of small threshing machines have been produced and sold by
hundreds of small village machine shops during the past three years, thus
avoiding the loss of much of the crop after harvest and also providing additional employment in many new, small-village industries.
Moreover, mechanization has had another very important indirect effect
on the intensification of cereal production. When small mechanical threshers
replace bullocks for threshing, the bullocks are released for use in the timely
preparation of the land for the next (summer) crop. This need for timely
preparation of land is also one of the main reasons for the surge in demand
for tractors. Before the adoption of the new wheat and rice varieties, in combination with heavy applications of chemical fertilizer, the time of sOwing
was relatively unimportant because yields were limited primarily by low level
of available plant nutrients. Most farmers would expect to harvest about one
metric ton of wheat during the winter (rabi) season and about 1.5 metric tons
of rice during the summer (kharif) season, or a total of 2.5 metric tons of grain
per hectare per year. But by using the high-yielding varieties, fertilizing heavily, sowing at the right time, and managing the fields properly the same
farmer can now harvest 5 tons of wheat and 7 tons of rice per hectare from
the same land, a total of 12 metric tons of food grain per hectare per year, as
contrasted with the 2.5 tons which he obtained with the old varieties and
methods. If plantings are not done at the optimum time, however, the yield
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of wheat may drop to 3 tons and that of rice to 4 tons per hectare, a total
production of 7 tons per year instead of the 12 tons when all operations are
proper and timely. A few of the most progressive farmers now use triple
cropping, involving wheat-mung beans-rice, wheat-rice-potato, or three con"secutive crops of rice during the same year. By increasing the intensity of
cropping, both food production' potential and employment are increased.
Yields must then be calculated on the basis of kilos per hectare per year
rather than on the basis of kilos per hectare 'per crop.
The increased mechanization in cereal production has tended thus far to
increase rather than decrease the 'employment opportunities for labor, and
above all it has helped to reduce drudgery and increase the efficiency of human
energy, speaking especially of India.
Millions of farmers who have successfully grown the new wheat, rice, and
maize varieties have greatly increased their income. And this has stimulated
the rapid growth of agro-'industry by increasing the demand for fertilizers,
pumps, machinery and other materials and services.
Farmers in many villages are investIng in better storage facilities. In some
locations brick houses are beginning to replace those made of -rammed eartl}.
More electricity is being used to light the houses a;d to drive the motors on
the wells. There also has been a rapid increase in deinand for consumer goods.
The purchase of transistors and radios for use in the villages has increased
rapidly, and thereby the government for the first time can effectively reach
the remote villages with educational programs. Sewing machines, bicycles,
motor scooters, and motorcycles are coming to the villages, and truck and bus
servi<:e between villages is improving.
The Green Revolution has forced the Indian government to improve many
of its public services. Although there was an extreme shortage of regular
storage space for the first record-breaking wheat crop in 1968, the government improvised satisfactorily and very little grain was lost. During the past
two years, stimulated in part by criticism by farmers and the press, warehouse
, capacity has been expanded greatly to }?rovide adequate storage for the increasing grain production. The villages are demanding better roads, better
public transportation and better schools; and they are beginning to get them.
Thus the divorce between intellect and labor, which the great Indian leader
Mahatma Ghandhi, over 40 years ago, regarded as the bane of India's agriculture, is coming to an end.
The changes wrought by the Green Revolution, which I have illustrated
by the vast improvement of wheat production in India, have had similar
effects in West Pakistan, Ceylon, the Philippines, and Thailand, although the
effects in different countries were produced by changes in different crops or
combinations of crops.
Although the contributions of the Greep Revolution to increased food production are considerable and highly significant, they are nonetheless modest
in comparison with the magni,tude of present global needs. The greatest obvious achievement is the rapid increa£e in cereal production during the past
three years, and the generation of a climate of confidence in the developing

nations with regard to their capabilities of achieving food self-sufficiency.
Perhaps even more significant, however, is the change in organizations and
attitudes which have accompanied the increases in cereal production.
The All-India Coordinated Wheat Improvement Program, which is largely
responsible for the wheat revolution in India, has developed one of the most
extensive and widely diversified wheat research programs in the world. Its
success has generated confidence, a sense of purpose, and determination. The
. current agronomic research on wheat in India equals the best in the world.
The breeding program is huge; diversified, and aggressive; already it has
produced several varieties which surpass those originally introduced from
Mexico in 1965. The first group of new Indian varieties, already in extensive
commercial production, were derived 'from selections made in India from
partially selected materials received from Mexico. A second group of varieties,
now being multiplied, are selections from crosses made in India between
Indian and Mexican varieties. The rapidity of creation and distribution of
these' new varieties has already diversified the type of resistance to diseases
and therefore minimizes' the menace of destructive disease epidemics if and
when changes occur in parasitic races oLttie pathogens.
Contrary to a widespread and errone~s opinion, the original dwarf wheats
imported from Mexico definitely carried a'wider spectrum of disease resistance
than the local Indian types that they replat:ed. But the newer Indian varieties
.are even better in resistance and of a different genetic type than the original
introductions. This greater diversity reduces the danger from disease epidemics, but cannot completely e1iminate'the dangers of disease epidemics, as has
become vividly evident from the unexpected and destructive epidemic of
southern leaf blight of maiz('over vast areas of the U.S.A. during the summer
of 1970. The only protection against such epidemics, in all countries, is through
resistant varieties developed by an intelligent, persistent and diversified breeding· program, such as that being currl"ntly carried on in India, coupled with
a broad disease-surveillance system and a sound plant pathology program
to support .the breeding program. From such a program a constant flow of
new high-yielding 'disease-resistant varieties can be developed to checkmatc
any important changes in the pathogens.. The Indian program is also developing competence in research on the biochemical, industrial, and ,nutritional
properties of whea't.
Perhaps the most important contribution of all is that the methods and
tactics used so successfully in making the production breakthrough in wheat,
first in Mexico and now in India and Pakistan, can serve as a model for produt:tion programs with many other crops and in many other countries.
.
West Pakistan has already used the wheat model to revolutionize its "rice
production. Although the Indian rice program has not yet< achieved ~.nation~
wide breakthrough in production, rapid progress is now being' made i~ several
areas and it seems probable that the area sown to the new seed and technology
will be large enough to produce a strong impact on national production within
another year. Varieties and new technology are also available for launching
effective campaigns to increasc the production of sorghum, millet, barley,
,
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soybeans and cotton in many developing countries of Asia, Africa and Latin
America. What is still needed is the will and commitment of governments to
support national production campaigns, both politically and financially, and
the services of a few competent and dedicated agricultural scientists as leaders.
The quality of scientific leadership is certainly a vital factor in the success
of any production campaign. It is deplorable but true that many agricultural
scientists in some advanced countries have renounced their allegiance to agriculture, for reasons of expediency and presumed prestige. And some institutions
have furnished them a curtain behind which to hide. Some educational and
research institutions have even restricted the amount of basic research that
can be done under the aegis of its agricultural departments, however basic
these researches may be to progress in increasing and insuring food production.
Let the individuals live with their own motivations; let them serve science and
themselves if they wish. But the institutions have the moral obligation to serve
agriculture and society also; and to discharge that obligation honorably, they
must try to help educate scientists and scientific leaders whose primary motivation is to serve humanity.
I want to reiterate emphatically that there now are available materials and
techniques of great potential value for expanding the Green Revolution into
additional fields of agriculture. But to convert these potential values into
actual values requires scientific and organizational leadership. Where are
those leaders: where are the leaders who have the necessary scientific competence, the vision, the common sense, the social consciousness, the qualities of
leadership, and the persistent determination to convert the potential benefactions into real benefactions for mankind in general and for the hungry in
particular? There are not enough of them now; therefore we must try to
identify and develop them in our educational systems and we must utilize
them in our campaigns for food production. We need them, and need them
badly, for it is tragic to let potential values languish for want of leadership
in capitalizing tbe potential. This is not theory; this is reality, as illustrated
by the fact that the leadership has been the determining factor in the relative
success of parallel but different crop production programs within the same
country.
But let no one think that we can relax our efforts in research. All successful
action programs must be preceded and accompanied by research. It has been
pointed out that the rapid change in wheat production in both India and
Pakistan was in part made possible by two decades of research in Mexico.
How did this come about?
In 1943, several years before the establishment of the Food and Agriculture
Organization (FAO) of the United Nations, a cooperative agricultural research and training program was launched in Mexico. This was a pioneer
cooperative project between the Mexican Ministry of Agriculture and The
Rockefeller Foundation, initiated at the request of the Mexican government
for assistance in increasing the production of maize, wheat, and beans.
At that time Mexico was importing more than 50 percent of the wheat that
it consumed, as well as a considerable percentage of its maize. Wheat yields

werelow
lowand
andstatic,
static,with
witha anational
nationalaverage
averageyield
yieldofof750
750kilos
kilosper
perhectare,
hectare,
were
thewheat
wheatwas
wasgrown
grownononirrigated
irrigatedland.
land.This
Thissituation
situation
eventhough
thoughmost
mostofofthe
even
thatininIndia
Indiaand
andPakistan
Pakistanbefore
beforethe
therecent
recentadvent
adventofofthe
the
wasvery
verysimilar
similartotothat
was
GreenRevolution.
Revolution.Mexican
Mexicansoils
soilswere
wereimpoverished
impoverishedand
andchemical
chemicalfertilizer
fertilizer
Green
virtuallyunknown.
unknown.Mexico's
Mexico'sneed
needwas
wasurgent
urgentand
andsosoa asimple
simpleresearch
researchproprovirtually
gramwas
wasstarted
startedtotoincrease
increaseproduction.
production.The
Thephilosophy
philosophyofofThe
TheRockefeller
Rockefeller
gram
"tohelp
helpMexico
Mexicototohelp
helpitself'
itself'ininsolving
solvingitsitsfood
foodproduction
production
Foundationwas
was"to
Foundation
andininthe
theprocess
processwork
workitself
itselfout
outofofa ajob.
job.I Ihave
havehad
hadthe
theprivilege
privilege
problems,and
problems,
and
good
fortune
to
have
been
associated
with
the
wheat
program
almost
and good fortune to have been associated with the wheat program almost
andhave
haveremained
remaineda apart
partofofititfor
forthe
thepast
past2626years.
years.
fromthe
thebeginning,
beginning,and
from
From the
the outset
outsetallall factors
factors limiting
limiting wheat
wheatproduction
production were
were studied;
studied;conconFrom
andplant
plant
sequentlythere
therewere
wereinterdisciplinary
interdisciplinaryresearches
researchesbetween
betweengenetics
geneticsand
sequently
breeding,agronomy,
agronomy,soil
soilfertility,
fertility, plant
plantpathology,
pathology,and
andentomology.
entomology.Cereal
Cereal
breeding,
and
biochemistry
were
added
later.
chemistry
chemistry and biochemistry were added later.
Afterpreliminary
preliminarywork
workinin 1943,
1943,plant
plantbreeders,
breeders,soil
soilscientists,
scientists,plant
plantpapaAfter
thologistsand
andentomologists
entomologistsworking
workingasasa ateam,
team,began
begana aconcentrated
concentratedattack
attack
thologists
thevarious
variousaspects
aspectsofofwheat
wheatproduction
productioninin1944.
1944.
ononthe
addedtotothe
theresearch
researchproproAn
in-service
(intern)
training
compOftent
wasadded
An in-service (intern) training compOftent was
gramtototrain
traina anew
newgeneration
generationofofMexican
Mexicanscientists-while
scientists-whilethey
theywere
wereassisting
assisting
gram
madefor
for
withthe
thedevelopment
developmentofofthe
theresearch
researchprogram.
program.Provision
Provisionwas
wasalso
alsomade
with
fellowshipstotoenable
enablethe
themost
mostpromising
promisingofofthese
theseyoung
youngscientists
scientiststotostudy
study
fellowships
abroadfor
foradvanced
advanceddegrees,
degrees,hopefully
hopefullyininpreparation
preparationfor
forpositions
positionsofofleaderleaderabroad
in
Mexican
agriculture.
ship
ship in Mexican agriculture.
andrestricted
restrictedtotothat
that
Researchfrom
fromthe
theoutset
outsetwas
wasproduction-oriented
production-orientedand
Research
whichwas
wasrelevant
relevanttotoincreasing
increasingwheat
wheatproduction.
production.Researches
Researchesininpursuit
pursuitofof
which
irrelevantacademic
academicbutterflies
butterflieswere
werediscouraged,
discouraged,both
bothbecause
becauseofofthe
theacute
acute
irrelevant
andbecause
becauseofofthe
theneed
needtotohave
havedata
dataand
and
shortageofofscientific
scientificmanpower
manpowerand
shortage
materials
available
as
soon
as
possible
for
use
in
the
production
program.
materials available as soon as possible for use in the production program.
Toaccelerate
accelerateprogress
progressininvarietal
varietaldevelopment,
development,two
twogenerations
generationsofofallallsegresegreTo
Onegeneration
generationwas
wassown
sownclose
closetotosea
sea
gatingmaterials
materialswere
weregrown
growneach
eachyear.
year.One
gating
Sonoraatat2828degrees
degreesnorth
northlatitude
latitudeininthe
thefall
fallwhen
whenthe
thedays
dayswere
were
levelininSonora
level
nearToluca,
Toluca,atat1818degrees
degreeslatitude
latitude
progressivelyshorter;
shorter;the
thesecond
secondwas
wassown
sownnear
progressively
and
2500
meters
above
sea
level
during
the
summer
when
days
were
progresand 2500 meters above sea level during the summer when days were progresThroughthe
theuse
useofofthis
thistechnique
techniquewe
wedeveloped
developedhigh-yielding,
high-yielding,
sivelylonger.
longer.Through
sively
ecologicadaptation
adaptationand
and
day-lengthinsensitive
insensitivevarieties
varietieswith
witha awide
widerange
rangeofofecologic
day-length
broadspectrum
spectrumofofdisease
diseaseresistance-a
resistance-anew
newcombination
combinationofofuniquely
uniquelyvaluvalua abroad
wheatvarieties.
varieties.
ablecharacters
charactersininwheat
able
increasingwheat
wheatproduction
productionininMexico
Mexico
Thesecharacters
characterswere
werevaluable
valuableininincreasing
These
andneighboring
neighboringcountries,
countries,but
butwere
weretotoprove
proveeven
evenmore
morevaluable
valuable2020years
years
and
laterwhen
whenthe
theMexican
Mexicanvarieties
varietieswere
wereintroduced
introducedinto
intoPakistan
Pakistanand
andIndia.
India.
later
Withoutthis
thiscombination
combinationofofcharacters
charactersthe
thesuccessful
successfultransplantation
transplantationofofthe
the
Without
intoPakistan
Pakistanand
andIndia
Indiawould
wouldhave
havebeen
beenimpossible;
impossible;and
and
Mexicanvarieties
varietiesinto
Mexican
theadvent
adventofofthe
theGreen
GreenRevolution
Revolutionwould
wouldalmost
almostcertainly
certainlyhave
havebeen
beendelayed
delayed
the
manyyears.
years.
many
In
Mexico,
soonasassignificant
significantimprovements
improvementswere
weremade
madebybyresearch,
research,
In Mexico, asassoon
culturalpractices,
practices, they
they
whetherininvarieties,
varieties,fertilizer
fertilizerrecommendations,
recommendations,ororcultural
whether

were
weretaken
takento tofarms
farmsand
andincorporated
incorporatedinto
intothetheproduction
productionprograms.
programs.We
We
never
never
waited
waited
forfor
perfection
perfection
in in
varieties
varieties
oror
methods
methods
but
but
used
used
thethe
best
best
available
available
andmodified
modifiedthem
themas asfurther
furtherimprovement
improvementcame
cameto tohand.
hand.This
This
each
eachyear
yearand
simple
simple
principle
principle
is istootoo
often
oftendisregarded
disregarded
byby
scientific
scientificperfectionists
perfectionists
who
whospend
spend
unattainablein inbiological
biologicalperfection,
perfection,and
andconcona alifetime
lifetimesearching
searchingforforthetheunattainable
sequently
sequentlyduring
duringa alifetime
lifetimeofoffrustration
frustrationcontribute
contributenothing
nothingto toincreasing
increasing
food
food
production.
production.
Farm
Farmdemonstrations
demonstrationsof ofnew
newvarieties
varietiesand
andtechnology
technologywere
weremade
madebybythethe
research
researchscientists
scientistswho
whohad
haddeveloped
developedthem.
them.Indeed,
Indeed,thetherevolution
revolutionin inwheat
wheat
production
productionin inMexico
Mexicowas
wasaccomplished
accomplishedbefore
beforethetheextension
extensionservice
servicecame
came
into
intobeing.
being.This
Thisforced
forcedthetheresearch
researchscientists
scientiststhemselves
themselvesto toconsider
considerthetheob-obstacles
staclesto toproduction
productionthat
thatconfronted
confrontedthethefarmers.
farmers.The
Thesame
samephilosophy
philosophyand
and
tactic
tacticwere
werel.;lsed
l.;lsedeffectively
effectivelyto tobring
bringresearchers
researchersin incontact
contactwith
withthethefarmers'
farmers'
problems
problems
in inthetheearly
early
years
yearsofof
thethewheat
wheat
improvement
improvementprograms
programsin inIndia
Indiaand
and
West
WestPakistan.
Pakistan.Later,
Later,however,
however,thetheextension
extensionservices
serviceswere
werebrought
broughtinto
intothethe
production
programs
in in
both
countries.
production
programs
both
countries.
Mexican
Mexican
wheat
wheatyields
yieldsbegan
beganto toclimb
climbbyby1948
1948and
andhave
havecontinued
continuedtheir
their
upward
upward
trend
trend
to to
thethe
present
presenttime.
time.During
Duringthethe
past26
past26
years
years
thethenational
nationalaveraverage
agehashasrisen
risenfrom
from750
750kilos
kilosper
perhectare
hectareto toonly
onlysl1ghtly
sllghtlyless
lessthan
than3000
3000kilos
kilos
during
duringthethepast
pastharvest,
harvest,approximately
approximatelya afourfold
fourfoldincrease.
increase.During
Duringthethesame
same
period
periodtotal
total
production
production
hashas
increased
increased
sevenfold.
sevenfold.Mexico
Mexicobecame
became
self-sufficient
self-sufficient
in in
wheat
wheat
production
production
forfor
thethe
first
firsttime
time
in in1956,
1956,
and
and
hashas
remained
remained
self-sufficient
self-sufficient
since.
since.This
This"Quiet
"QuietRevolutio~"
Revolutio~"
in inwheat
wheatproduction
productionin inMexico
Mexicobecame
becamethethe
progenitor
progenitor
ofof
thethe
Green
Green
Revolution
Revolutionin inIndia
India
and
andPakistan
Pakistan
a decade
a decadelater.
later.
AsAsthetheuseuseof offertilizer
fertilizerincreased
increasedand
andyields
yieldsclimbed
climbedto to4.54.5thousapd
thousapdkilos
kilos
per
perhectare,
hectare,lodging
lodging(falling
(fallingover
overof ofthetheplant)
plant)began
beganto tolimit
limitfurther
furtherin-increases
creasesin inyields.
yields.A Asearch
searchwas
wastherefore
thereforemade
madeamong
amongwheats
wheatsfrom
fromdifferent
different
areas
areas
of of
thethe
world
world
to to
locate
locatea suitable
a suitable
source
source
of of
genetic
genetic
dwarfness
dwarfness
to to
overcome
overcome
this
thisbarrier.
barrier.Norin
Norin10,10,ananextremely
extremelydwarf
dwarfwheat
wheatfrom
fromJapan,
Japan,proved
provedto tobebe
a asuitable
suitablesource.
source.Through
Througha aseries
seriesofofcrosses
crossesand
andrecrosses,
recrosses,begun
begunin in1954,
1954,
dwarfnesswas
wasincorporated
incorporatedinto
intothethesuperior,
superior,new-combination
new-combinationMexican
Mexican
dwarfness
types,
finally
giving
rise
a group
so-called
t'ypes,
finally
giving
rise
to to
a group
of of
s6-called
dwarf
dwarf
Mexican
Mexican
wheat
wheat
varieties.
varieties.
With
Withthis
thisnew
newdevelopment
developmentthethepotential
potentialyield
yieldof ofthethenew
newvarieties,
varieties,under
under
ideal
idealconditions,
conditions,increased'
increased'
from'
from'
thetheprevious
previoushigh
highofof4.54.5thousand
thousandkilos
kilosper
per
heCtare
heCtareto tonine
ninethousand
thousandkilos
kilosper
perhectare.
hectare.The
Thedwarf
dwarfMexican
Mexicanwheats
wheatswere
were
first
firstdistributed
distributedin inMexico
Mexicoin in1961,
1961,and
andthethebest
bestfarmers
farmersbegan
beganto toharvest
harvest5, 5,
7 and
6, 6,7 and
even
even
8 tons
8 tons
oror
mor:e
mor:e
per
per
hectare,
hectare,and
andwithin
withinseven
sevenyears
yearsthethenational
national
average
averageyields
yieldsdoubled.
doubled.It Itwas
wasthese
thesesame
samedwarf
dwarfMexican
Mexicanwheats
wheatsfrom
fromthethe
Quiet
Quiet
Revolution
Revolutionthat
thatserved
servedas ascatalysts
catalyststo totrigger
triggeroffoffthetheGreen
GreenRevolution
Revolution
in in
India
India
and
and
Pakistan.
Pakistan.
From
Fromthetheoutset
outsetthetheMexican
MexicanAgricultural
AgriculturalProgram
Programwas
waswatched
watchedwith
with
interest
interest
byby
many
many
other
countries.AsAs
other
countries.
progress
progress
became
became
evident,
evident,The
The
Rockefeller
Rockefeller
Foundation
Foundationwas
wasbesieged
besiegedby'by'
requests
requestsfrom
frommany
manycountries
countriesforforassistance
assistancein in
agricultural
agriculturalimprovement
improvementprograms.
programs.The
TheCooperative
CooperativeMexican
MexicanAgricultural
Agricultural
Program
Programhad
hadbecome
becomea amodel.
model.The
TheCooperative
CooperativeColombian
ColombianAgricultural
Agricultural
andlivestock,
livestock,was
was
Program,
Program,devoted
devotedlargely
largelyto'maize,
to'maize,wheat;
wheat;
potatoes,
potatoes,forage
forageand

..

The
international
institutes

established in 1950. Similarly, the Cooperative Chilean Agricultural Program
was established in 1955 to work on wheat and forage. The Cooperative Indian
Agricultural Program was establised in 1956 to improve maize, sorghum, and
millet production and to assist in the development of post-graduate agricultural
education. Each of these programs subsequently played an important role in
improving agricultural production and education in different parts of the
world.
Meanwhile, back in Mexico, the program that had originally been confined
to maize, wheat and beans, and soon thereafter potatoes, was expanded to
include many other crops. Larger numbers of young Mexican scientists were
added to the research and training programs. Progress in research .was generally good, and the training program also bore fruit. Between the years 19431963 a total of 550 interns participated in the overall agricultural research
and training programs, of whom about 200 received a Master of Science degree
and about the Doctor of Philosophy degree while on fellowships for study
abroad. With this corps of trained scientists a new National Institute of Agricultural Research was born in 1961. The Rockefeller Foundation "had worked
itself out of a job", which was one of its original objectives.
The Mexican experience indicated that on'e, of the greatest obstacles to the
improvement of agriculture in the developing countries is the scarcity of
trained people. This experience indicated clearly that training is a slow process. Where no corps of trained scientists exists, as was the case in Mexico
27 years ago ands remains the case in many countries of Asia, Africa and Latin
America today, it requires 18 to 25 years to develop enough competent research scientists and educators to meet a country's needs. So great is the
urgency of the food shortage in many underdeveloped and emerging countries
that there is not enough time to develop an adequate corps of scientists before
attacking food production problems. A short-cut and organizational change
had to be invented to meet the needs. And so was born the first truly international research and training institute-The International Rice Research
Institute '(IRRI)-at Los Banos, the Philippines, in 1960, to work exclusively
on the regionally all-important but too long neglected rice crop. The institute
was jointly financed by The Ford and Rockefeller Foundations in collaboration
with the government of the Philippines.
The research activities on wheat, maize, and potatoes in Mexico were informally internationalized in 1959 and organized as a second international
center in 1963. This International Center for Maize and Wheat Improvement
(CIMMYT), is supported also by The Ford and Rockefeller Foundations, in
collaboration with the government of Mexico. More recently, additional
financial support has been provided by the U.S. Agency for International
Development (U.S. AID), United Nations Development Program (UNDP),
and the Int;r-American Development Bank (BID).
A third center, The International Center of Tropical Agriculture (CIAT),
in Colombia, and the International Institute of Tropical Agriculture (IITA)
in Nigeria, the most recent, have been established to study problems and
stimulate production of certain tropical crops and animal species, as well as

to help train scientific specialists. CIAT is financed by The Ford, Rockefeller,
and W. K. Kellogg Foundations in cooperation with the government of Colombia. The Ford and Rockefeller Foundations, and The Canadian International Development Agency (CIDA) are supporting lITA, in r.ollaboration
with the government of Nigeria.
These four international institutes represent a significant but modest start
toward the construction of a worldwide network of international, national, and
local research and training centers. This network will help solve problems and
disseminate the benefits of science to all mankind in the shortest possible time
and at minimum costs.
The impact of such integrated approach is already evident in the Green
Revolution. New varieties and the new technologies that make them highly
productive have been the thrust behind the Green Revolution. In the Philippines, Ceylon, Malaysia and West Pakistan it was IR8 rice, developed at the
International Rice Research Institute. The dwarf Mexican wheats, partly
produced by CIMMYT, have provided the thrust in India and Pakistan and
this is now spreading to Turkey, Afghanistan, Iran, Morocco and Tunisia.
Contributing equally, or perhaps even more, to....the evolution of the Green
Revolution was the talented supporting leadership that has been provided by
the Centers to the national programs through temp~rary assignments of mature
scientists skilled in organizing crop production programs to assist in the development of the national production campaigns.
The international centers were developed to supplement national agricultural research, production, and training programs, not to replace them.
The centers are but one link in the worldwide network of organizations attacking basic food crop production problems on a worldwide, regional, national
and local level. The backbone of this network is now and must continue to
be the national programs. These must be given greater financial· support and
strengthened staff-wise to meet the challenge of rapidly expanding food needs
for the future.
The international centers, hof.'ever, are in a unique position to assist the
,national programs. They are independent, non-political international organizations, which, although originally funded by private foundations, now receive
support from many diverse sources. Their scientific staffs are also international
and comprise outstanding scientists representing the various scientific disciplines affecting crop production. Included on their staff are a number of crop
production experts who have the scientific competence and broad experience
to assist national agencies in organizing and launching crop production program!>.
The centers collaborate not only with the national agencies from many
different countries but also with other international organizations such as
The Food and Agricultural o""rganization (FAO) of the United Nations, The
United Nations Development Program (UNDP), and international development banks. Each year the centers have been collaborating with an increasing
number of countries of all political spectra.
I am convinced that the international agricultural research institutes are

developing a bond of understanding among nations, based upon the common
need for increasing food production. We must all strive to strengthen this
bond in the spirit of Alfred Nobel " ... to promote brotherhood among the
nations" .
\
The international centers are uniquely equipped to do fundamental, longtime researches of worldwide importance. For example, the opportunity for
plant breeders, pathologists and entomologists to operate on a worldwide basis
permits them to develop well-conceived, diverse gene pools of the important
crop species. The final crop varieties are not currently generally selected at
the centers but sent to collaborators in national programs in many parts of
the world, who in turn make the selections that best suit their needs; and
many eventually become commercial varieties. Similarly, the centers prepare
a series of international crop yield tests, which include representatives of the
best commercial varieties from the world and a few of the most promising
experimental lines from collaborators. These are sent to collaborators in 35
countries for growing at 80 locations. The data from collaborators are returned
to CIMMYT for summarizing and for subsequent distribution to scientists in
all parts of the world. The data obtained on· yield, adaptation, disease and
insect resistance in one year in such tests are often more meaningful and
valuable to scientists engaged in crop research and production programs than
data obtained by independent testing at one location for a period of 10 or
15 years.
The international centers also are in a unique position to contribute to
practical or internship type of training in all of the scientific disciplines affecting crop production. This type of training is particularly valuable for young
scientists from the developing countries because it prepares them for initiating
research work upon return to their native country and will also be of value
if they subsequently continue their education at the graduate level.
In summarizing the accomplishments of the Green Revolution during the
past three years, I wish to restate that the increase in cereal production, rice,
maize and wheat, and especially in wheat, has been spectacular and highly
significant to the welfare of millions of human beings. It is still modest in
terms of total needs. Recalling that 50 percent of the present world population
is undernourish.ed and that an even larger percentage, perhaps 65 percent, is
malnourished, no room is left for complacency. It is not enough to prevent the
currently bad situation from getting worse as population increases. Our aim
must be to produce enough food to eradicate all present hunger while at the
same time striving to correct malnutrition. To eliminate hunger now in the
developing nations, we would need to expand world cereal production by
30 percent. If it were, however, as simple as increasing the total world production by 30 percent, regardless of where the production is to be expanded, it
could be accomplished rather rapidly by expanding it in the United States,
Canada, Australia, Argentina, and Russia. But this would not necessarily solve
the hunger problem of the developing world, because their weak economies
wijl not permit them to expand their food imports by 30 percent. Worse still,
even if present production could be expanded rapidly by 30 percent in the
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developed highly fertile lines and the results up to the present indicate the
possibility of combining the desirable characteristics now present in different
lines into a single line, thereby creating a new kind of cereal that is superior
to wheat in productivity and nutritional quality.
The rapid progress achieved in Triticale improvement suggests the desirability of initiating basic studies to determine the feasibility of developing
other cereal species from wide crosses between different existing species or
their wild relatives. Recent improvements in individual cell, tissue and embryo-culture techniques, in the development of culture media with additions of hormones and nutrients that foster cell and tissue differentiations, in achieving hybridization between somatic cells and in the methods
of inducing polyploidy and mutations, offer many fascinating possibilities of
achieving crosses between species that were formerly uncrossable. Even the
possibility of using protoplasmic and cell hybridization, followed by manipulation to promote cell differentiation for plant improvement, appears to be
nearer.
I propose therefore that a bold progrllm_ of wide crosses be initiated to
improve both cereals and legumes (pulses). It should include attempts to
make numerous intergeneric crosses among cereals, employing all of the
modern techniques to consumate fertilization, and propagate the hybrids. If
a series of new combinations can be made and doubled, such as for example
between maize and sorghum, wheat and barley, or wheat and rice, it would
open the door to the possibilities for vast subsequent improvement by conventional methods.
Unfortunately, all cereals are deficient in one or more of the essential amino
acids, especially lysine, which is essential for normal body growth and for the
maintenance of health. Protein malnutrition is widespread, especially among
children, and many of its victims die or are maimed both physically and
mentally for life.
Although food supplements can alleviate this situation, the development of.
high-yielding varieties of cereal grains that have high levels of protein and
better amino acid balance, would be the ideal solution, since this would not
involve added expense or special educational efforts, and there are good
possibilities of producing them. The now famous opaque-2 gene in maize
doubles the production of the amino acid lysine which is essential to growth
and health in man and many other animals. Similarly, an Ethiopian strain
of barley, and some lines of Triticale have genes for extraordinary production
of essential nutrient materials. Plant breeders are trying to combine such genes
with the best genes now available for productivity and other desirable characters, thus increasing not only the tonnage of food, but also its essential
nutrient quality. As we are now striving to emancipate ourselves from dependence on artificial food supplements, I have a dream that we can likewise
emancipate ourselves to some extent from our dependence on artificial nutrients for the cereal plants themselves, thus lightening the financial burden
that now oppresses the small farmer and handicaps his efforts to participate
fully in the new technologies..
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In my dream I see green, vigorous, high-yielding fields of wheat, rice,
maize, sorghums, and millets, which are obtaining, free of expense, 100 kilograms of nitrogen per hectare from nodule-forming, nitrogen-fixing bacteria.
These mutant strains of "Rhizobium cerealis" were developed in 1990 by a
massive mutation breeding program with strains of Rhizobium sp. obtained
from roots of legumes and other nodule-bearing plants. This scientific discovery
has revolutionized agricultural production for the hundreds of millions of
humble farmers throughout the world; for they now receive much of the
needed fertilizer for their crops directly from these little wondrous microbes
that are taking nitrogen from the air and fixing it without cost in the roots
of cereals, from which it is transformed into grain ...
Then I wake up and become disillusioned to find that mutation genetics
programs are still engaged mostly in such minutiae as putting beards on wheat
plants and taking off the hairs.
If we are to capitalize fully on the past biological accomplishments and
~ealize the prospective accomplishments, as exemplified in my dream, there
must be far greater investments in research an&- education in the future than
in the past.
Few investments, if any, can match the economic and social returns from
the wheat research in Mexico. The investment from 1943 to 1964 was estimated to have yielded an annual return of 750 percent. This study was made
prior to the full impact of dwarf wheats on the national production. If the
benefits were calculated now, with the inclusion of the returns from the increased wheat production in Pakistan, India, and other Asian and African
countries, they would be fantastically high.
Nevertheless, vast sums are now being spent in all countries, developed and
developing, on armaments' and new nuclear and other lethal weapons, while
pitifully small sums are being spent on agricultural research and education
designed to sustain and humanize life rather than to degrade and destroy it.
The Green Revolution has won a temporary success in man's war against
hunger and deprivation; it has given man a breathing space. If fully implemented, the Revolution can provide sufficient food for sustenance during the
next three decades. But the frightening power of human reproduction must
also be curbed; otherwise the success of the Green Revolution will be ephemeral only.
Most people still fail to comprehend the magnitude and menace of the
"Population Monster". In the beginning there were but two, Adam and Eve;
when they appeared on this earth is still questionable. By the time of Christ
world population had probably reached 250 million. But between then and
now population has grown to 3.5 billion. Growth has been especially fast since
the advent of modern medicine. If it continues to increase at the estimated
present rate of two percent a year the world population will reach 6.5 billion
by the year 2000. Currently, with each second, or tick of the clock, about 2.2
additional people are added to the world population. The rhythm of increase
will accelerate to 2.7, 3.3 and 4.0 for each tick of the clock by 1980, 1990,
and 2000, respectively, unless man becomes more realistic and preoccupied

about this impending doom. The tic-toc of the clock will continually grow
louder and more menacing each decade. Where will it all end?
Malthus signaled the danger a century and a half ago. But he emphasized
principally the danger that population would increase faster than food supplies.
In his time he could not foresee the tremendous increase in man's food production potential. Nor could he have foreseen the disturbing and destructive
physical and mental consequences of the grotesque concentration of human
beings into the poisoned and clangorous environment of pathologically hypertrophied mt:galopoles. Can human beings endure the strain? Abnormal stresses
and strains tend to accentuate man's animal instincts and provoke irration~1
and socially disruptive behavior among the less stable individuals in tl
maddening crowd.
We must recognize the fact that adequate food is only the first requisite f(
life. For a decent and humane life we must also provide an opportunity f(
good education, remunerative employment, comfortable housing, good clotI.ing, and effective and compassionate medical care. Unless we can do this,
man may degenerate sooner from environmc!htal diseases than from hunger.
And yet, I am optimistic for the future of mankind; for in all biological
populations there are innate devices to adjust population growth to the carrying capacity of the environment. Undoubtedly, some such device exists in man,
presumably Homo sapiens, but so far it has not asserted itself to bring into
balance population growth and the carrying capacity of the environment on
a worldwide scale. It would be disastrous for the species to continue to increase our human numbers madly until such innate devices take over. It is
a test of the validity of sapiens as a species epithet.
Since man is potentially a rational being, however, I am confident that
within the next two decades he will recognize the self-destructive course he
steers along the road of irresponsible population growth and will adjust the
growth rate to levels which will permit a decent standard of living for all
mankind. If man is wise enough to make this decision and if all nations abandon their idolatry of Ares, Mars, and Thor, then Mankind itself should be
the recipient of a Nobel Peace Prize, which is "to be awarded to the person
who has done most to promote brotherhood among .the nations".
Then, by developing and applying the scientific and technological skills of
the 20th century for "the well being of mankind throughout the world", he
may still see Isaiah's prophesies come true: Isaiah 35: 1, 7: "... And the desert
shall rejoice, and blossom as the rose ... And the parched ground shall become
a pool, and the thirsty land springs of water ..."
And may these words come true!

