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Duringethe past decade, there has been a‘growing
awareness of -the deteriorating world food sltuation. We now “
know of the urgent need for massive efforts to increase agri— /
cultural productlvity in scorés of dewveloping countr1es dhd
si taneously to raise the 1ncomes of hundreds .of mlllldns of
their farmers and other rural people.’ It ;s hoped that such
efforts, if succesgful, will buy time for pppulatlon Mrowth rates .
to be reduced. o "~°

The bulk of the basic’food~supp1%es-of the‘aérarian nationsb ' h
are produced by the ‘many farmers with tiny<lgndholdings, often ?

in remote and isoclated areas, plus those people in ooastal areas- -4
who depend upon neaneshore‘grsheries and‘aquaculture for a liveti-
hood. For the most part{ﬁ%ée gains in proéuctiv1ty and 1ncome of
these rural people. - the.poorest of the: pqor'- will requlre the.
development for and use by many farmers of new hlgh—yleldlﬂg,
science-based crop and anlmal productlon systems' tailored to the s
unlque combination of soil, climate, blologlcal, and economic
conditions of every locality in every natlon L )

. . }

The Dimensions of the Challenge‘

More is at &take than meeting the food needs of people,

important -as that is. .

. First, in nation after nation, the rural people, who still

_comprise 50 to 80 percent of the populatlon, are becoming rest-

less~ They are 1ncreas1ngly aware, as a result of mass communl-
cations, of the comforts of life enjoyed by small but affluent
segments of the1r societies. .Yet they see no hope for &n 1mprove—
ment of their own conditions or those tQat their chlldren w111 : l
face, and continued neglect of the rural peoplew}ll cause unrest,
violence; and the overthrow of governments. These people want
improved food supplies, housing, health care, and eduéation.

Their only realistic hope is throwgh increased income, based *

¢



on'lncreased'productivity; few if any governments, nor any out-

'side entity, can provide these basic needs'free. These rural
people must be helped to hg].p themselves. A

In my v1ew, freedom as we know it i very mucﬁ at stake
As the survival of the rural people is increasingly threatened,
they are susceptible (to -any ideology that they-perceiye wi '
provide the basic n essitiesAand‘some of the'amenities of life.

The -People's Republic of China 'has one solution to the food
and pobulativon protlemﬁ Lastﬁyear it %fs my nrivilege to ac-
company a group of ten distinguished American scientists on a
month-long study of China's agricultural and rural development.

" We found that Cnina has thrown massive resources into an-effort .
to increase aéricultural proezitivity, to create other forms of ,
eﬂployment in rural areas, and to imbrove incomes'and standards

of living for rural people Chlna has subceeded remarkably well,

and deserves to be éommended Wherever we traveled on our 3,000~
mile trip through several regroﬁs of the country, people were -
well fed the children ‘were in school health dare. was prOV1ded
famllles had housing, and everyone was worklng - all this, of

course, with a high degree of\reglmentation and with state con- .

trol over the mobility and thinking of the people. Groups in °
other countries are becoming aware that China, and perhaps others,

.have a. solution to the food, popdlatlon, and poverty ‘problem.

It seems fair to conclude that the struggle for individual
freedom as we know it rargely will be won or lost in the im-
poverlshed rura; areas of the less- developed countries. The

tral questlon before us is: “Can ways be found to meet the
basic needs of the masses oﬂ rural people while offering in-

"dlv;dual freedom rather than severe ‘repimentation? Taiwan and
Jepen have succeeded as‘;ell,_and prc /oly;better, than the
People's Republic -of China, but there are few, other developing

countries that havek&s yet attempted systematically to raise

sproductivity and income of their rural people.
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P ".Second,-continued neglect ofdagricultural and ‘rural develop-
'{ ment abroad will affect adversely .American farms and, other
s businesses, partiqularly as they involve international trade.
Agriculture ia the basic 1ndustry of most developing countries.
‘If productiV1ty¢of large numbers of .small farmers can be increased
in the” poorer countries, and’if for added millions of farm fami-
lies there is an. increase in disposable income, markets will ‘de-
velop for 1mported food supplies and far products of urban
industry Employment will be generated in rural trade cegters as
demapds for goods and services Increase. As standards of living
improVe, there w1ll be new outlets for American products as Well
as for those of other countries. Clearly “it 1s in the interest
of the United States and its business community to promote pros-
perity in the countrysides of the developing nations, since tnis
could lead i most cases to general economic development and'in—
4 creased ability of nations'to trade internationally for products,
farm or industrial. ) .

Th?&d, higher food prices world-wide will accompany 6ontinuéd
neglect of agricultural development‘abroad. Most subsistence
farmers, us1ng little power other than human labor to cultivate
impovcrished s01ls, eke out their livelihood By producing
Yasic food crops (table 1) and some animal species. If their
productivity remains low and static, food deficits vill continue
to climb as they have since the 1940's, and prices of food in’
the United States and elsewhere will continue to rise because of

‘e tigbtness of markets. It certainly isfin the interest of the
American consumer that productivity of food crops, even those we
grow»in the United States, be increased in the poor countries.

In most discussions of the rationale. for U.S. assistance to
~ poor countries, th%)humanitarian aspects arebproperly stressed.
But there are'othef reasons as well. If the United States has

any interest in the expansion of world markets, in the retention

\
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of ,open markets for U.S. productsé, in ﬁhe'preservation of in-
dividual freedom, and in the maintenance of food priCes at
reasonable levels, it shodfd turn much more seriously to the
task of aselsting nations to impf;ve their agricultural produc—
t%vity and increase the prosperity of their rural people.
- The.challenge ;; one of urgency. It ca%}s for massive? ‘
. " long-range, world-wide cooperative efforts follbwing a strategy
that, fortunaﬁely, is reasonably welljunderstood ﬁy a number of
authoritied. The U‘ST could provide,much of the needed prefes—
sional.and scientific leadership, for we have expertise in our
v universities, in tne'U S. Department’ of” Agriculture, in industry,
and in some prlvate organlzatlons.” We now need to establish the
stragegy, makKe 1t known, provide the necessary funding on 'a sus-
tained basis, and organize our efforts tolmake them more

effective. !

Three Nonsolutions

©
v

.

There are three often-mentioned "solutions" that are im-
"portant but do not address}the basic cauies of the world food
problem. ' ’ .
First, increased production of food in the United States
is net a solution. We must find ways to increase the produc-
}’ tivity of our own agriculture to allow this nation to continue
its international trade, to maintain'its balance of payments,
© and to enable it to respond to émergency needs for food any¥
where associated with calamities. However, COntinuiné alloca- )
tiong of food aid to governments who neglect their own rural
areas is counterproduqtive} that simply allows governments to

R \
put off the relatively tedious and unglamorous task of enabling

their own people to help themselves.
Secomd, U.S.-style, large-scale mechanized farming in the
developing countries is, generally speaking, not a solution.

Yhile large-scale farming may be quiﬁe useful in some thinly'

1y




populated areds of some eounfries, and. may be helpfuI to U
nationsa’ needing to get foed supplles under national coentrol
‘quickly, there remains the ‘problem of distrlbuting the resulting
food to the hungry, who have no money. Some argue Y%hat products
from such large farms would be destined tor urban consumers, but
thls‘would only deprive “the small farmers of‘markets for their
own prodﬁce, with all of.the adverse consequernces: discussed ‘
earlier. ' ‘ , |
Moreovey, most large—scaie mechanized agricﬁlture/is by its |
v%ry nature less producti?e per acre or hectare than small-scale

farming can be. , . .
The farmer Wwith a small landholding, as ‘in Asia (thble 2),
can usge very intensive, very high-yielding systems of gardenlng
involving intercropping, multiple.cropping, re}ay planting, and
various other techniques that require.attention to individual
plants. U.S. .agriculture is highl& productive from the stand-
point of output bper man-year of the operat:r's time, but it is
not as productive per tinit of land as are the highly intensiVe

'systems used in part of Asia and elsewhere. And amounts of R

arable land per person are already only a fraction of an acre
W '

'1nésome countries. L
The thlrd ngnsolutlon to the general WOrld food problem is
the productlon of synthetic foods, single-cell proteln, or food

combinations. These may be quite useful, but they must be pur-

“chaded by someone, the hungry have no moneyﬂiand these approaches

offer no increase in incomes for the poor.

Main Elements of a'Strategx

A prlnc1pal ob]ectlve of the world—W1de effort mentioned
earITer must be to increase 1ncomes of rural dWellers, brlngxng
them into the market economy. Most such farmers produce basic

food crops (table 1) or animals f01 home consumptlon barter,

v
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or sale lodally. The strategy dedls with both sides of the
.¢food—prob1em equation &ncreased production of food and - in-

creased purcha31ng poWer of masses8 of the poor.

-

Meeting,Farmers' Reguirements

Farmers, even those who are uneducated and- haVe small 1and—
holdlngs Mlll adopt new systems provlded that four conditions .
are met: ) S
1. There must be available to them more hiéhly productive -
‘ and more highly profitable farming syetems. - These J

systems must be complete. . For cropé, this means suitable

‘varietieS3 plus'fertilizer—use practices, plus means of
disense and insect control,‘p}usfassociated cropping
practices. vDevelopment of sﬁoh systams involves soPhis—
ticated work whlch properly trained sclentlsts can do,

but which is beyond .the capabllltles of the usually i
: )

‘
"

poorly trained extension spec1allst.

ro

The necessary inputs - fertilizers,'seed, pesticides,
and credit - must be available to the farmer when and
v where he needs-them, and at a reasonable prigex Systems
for distribution of these products in the rural areas -
must be in place, and must function. Coe
3. The farmer must be shown, usually on-his own land or
that of a\ﬁeighbor,'how to utilize effectively the new , Sy
technologioal system. Again, the average extension
agent, normallyLa purveyor of informaﬁion, is useless
in such a situation. In developing cauntries, the
> agént must be able to outfarm the farmer as Well as
have command of new technology. For this_reason, the
term "extension agent" is being abandoned abroad in

"

favor of "production specialist" - denoting a person

with sufficient technical and farming skilis to work

with farmerg in experimenting with new systems on their

own lands.
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%. The farmer-must know before he inf@sts‘in*new
plantings or other operations thatfthere will be at
harvest. a market for his product at 'a'price upon which
he can depend, for the small farmer cshnot take great
risks. A "market" requires-roads, t{aﬁépo;t, effective

" démand for products, favorable prices.

Forcing the Pace

o
K 5

Well—organlzed campaigns are needed now to forcepthe pace

of agricultural development, moving it at a "speed w1th Vhlch few =

nations have had experlence. There must be. fast—mOV1ng aFlentlflC
efforts to dbvelop the technology including the 1dent1f1cgtlon of
the complete new systems for use at the farm level. Provisions
must be made for the supply of fhe inputs and for marketlng. Road
networks needvto be extended, both for supply 07 1nputs and for
marketlng of produce. Power grids must be e}aﬁorated, means of
uslng the;Pedla must be devtsed, systems of providing credit to
small farmers, requiring additional innovation, must be set up - in
short,‘the full range of institutions required for a market-ori-~
ented agr?culture must function. Great numbers of people will:

need to be tralned mostly on the Job, as they partlclpate in

direct effort to! develop agriculture and rural areas.

-

Involving the Universities

Some authorities now believe that the long-term development
of higher agricultural educational institutions can be Jjustified
only if the personnel of those institutions are from the outset
actively involved with other agencies in acceleration of agri-
cultura$'development. Faculty must not be aloof from the day-to-
‘day work of developmént; the time-span for .action in poor coun-
tries is too short, and it is a waste of scarce manpover. Our
universities represent a magnificent resource to assist institu-

tions of other countries to become so involved, but all should

11'13.



understand that universities'abroad, with their concentrations of

v
i

talent, must be at the forefroht of drives for increased produc=-

tion and prosperity - and immediately. : \

Assignment of Responsibility:

The government of each nation must be responsible for'the
'foodysupply of i%s own people and for the development of its rural

areas. Only the individual govefnment can‘deﬁermine amounts to be
imported or produced locally. Only the governmept can set the
policies, strengthen the institutions, andireachﬂthe farmers.
Outside agencies can assist, and assist ﬁﬁéy must; but that is all
they can do.

Our nation, and others, can and must help devise and implement
strategies, prov’ ie technical assistance and funds for foreign-
exchange componcnts of programs. Increasing orders of magnitude
are indicated, both on a bilateral and a multilateral basis. Wise
investments in agricultural research, training, and development by

an agrarian nation yield among the highest returns..

Creating the Will to Act

Finally, developing-country governments must havg the will to
embark on well-organized, long-range agricultural'déveiopment ef-
forts. Until recently, this desire too generally has been lacking.
Some feel, as I do, that availability of continuing food aidéhas
contributed to complacency. At any rate, increasing numbers of
political leaders of poorer countries now seem?ngly want to take

action, and aye requesting help.
k] fen

Characteristics of the Developing Countries

Tn considering the nature of technical assistance, required
by the developing countries, it is important to realize how varied
a set of conditions they present.

In mid-1973 the world population was 3.86 billion, with an

annual rate of population growth of 2.0 percent, a projected

[}
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doubling time of 35 years, with over a billion people ta be :
added by 1985 (table 3). Of this increase, about two—thlrds‘?’
(670 mllllon) were expected to be added in already overpopulated

E
Asia.

- Most of the developlng countries are quite poor by North‘
American or European standards (table 4). In 1970 the U. S. per
person gross national product was $4,760; for Canada, $3, 700 _
for the U.S.S.R., $1,800. Of 151 nations listed by ° he Populatlon
Reference Bureau in 1970, there were 94 with per cap ta gross
national products of less than $500 The nations ar terrlbly
poor and, generally speaking, income levels among the masses of
the rural people are well below the average in each 1nd1yldua1
country. . :

The nations vary markedly in size. Of 162 United Nations
members and geopolltlcal entities in 1973, 34 had populatlons
of 1lkss than 1 mrlllon, and 108 had less than 10 m1111on people
(table 5). These smaller nations cannot expect to have the full
range of scientific and other professional services req&%reo in
all of the fields of activity important to their degvelopment.
They must in many cases rely on external scientific and.other
resources for expertise, particularly in view of the low incomes
associated with their small size. ‘

Many of these nations have_achieved independence since World
War II, particularly with the brepkup of the great empires. Of
43 nations listed as "least dev§loped" or "most seriously affected"
by the recent economic crisis, 36 have become independent since
) 1945, and 29 since ear;y 1960. 1In general, the cofonial powers
did much to develop the export crops and some animal species
destined for sale abroad, but the basic food crops were neglected.
It should be recalled that a quarter—centnry ago there was not
the same pressure of population on the land that exists today in
these same counkéries. People generally were left to shift for

themselves with‘regard to their food supply. Consequently, while

13
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numerous centers for research on coffee and cacao or ru?ber

or Jute were established decades ago, few such centers were
established for wheat, corn, rice, the food legumes, root crops
or vegetables, or other basic crops. _

The developing nations now have governments that must give
_ attention to the needs of their peopie if the éovernments are
to survive, and a new political will to deal with agriculture is
emerging. . The aeparture of expatriates left most nations without
expert%se, with weak institutions, and:hlwmny cases without the
reliablé sourceé“qf supply or market, outlets that previously
existed. ,

In governments of most developing countries, persons in
authority are military men, lawyers, businessmen, medical doctors,
engineers, economists, or religiousgleaders. Few know much about

.agriculture or the seience that underpins it, which means that
science-based agricultural development opportunities must be
described to them in terms that are understandable - a reasen—

able requirement.

The Basis for Hope

Given the complexity and the magnitude of the development
task that lies ahead, it is fair to ask if there is any hope.

The answer is yes. In my view, there have been a number of
‘developments in recent years that suggest that the world now has
the capability, perhaps for the first time in history, to deal
with the food and p0vert§ problem effectively. Let me list some

of these hopeful developments.

First, the nature of the problem has become understood, but
only recently. Projections of food requirements to the end of
this century were probably first made in 1963 by Dr. Lester Brown
of the USDA. The data suggested that imports by the less-de-
veloped countries might reach 68 million tons by the year 2000.
Two years later Dr. Brown pointed out that before 1940 "the less-

developed regions of Asia, Africa, and Latin American were all net

1 16



exporters of grain. Toéethgr they ezportéd egch year on a net
basis 11 million tons of cdrn, wheat, rice, aﬁd other grains to
the developed world. At the close of World War 1I, gQWever,
the less-developed world had lost its export surplus of’grain, and)
the net flow of grain was reversed, moving from the developed to
the less-developed world." The deyveloping cQuntriés imported an «
average of 4 million tons of grain from 1948 to 1952. This in-
creased to 13 million tons annually during fhe 1957-1959 period,
to 20 million tons in 1961, and to about 25 million tons in 196k.
Dr. Brown concluded then, "According to the above indicators, one
thlng is ev;dent. The less-developed world is losing the capac1ty ﬁé
to feed itself." ) _
,In 1966~196T some 125 American scientists and other author- ’
ities undertook the first comprehensive appraisal of the newly
recogﬁizéd world food problem. They presenggé/:heir recommenda~

tions in a 127—page summary report entitled The World:Food Prob-

lem, supported by two additional volumes éf backgroun@ informa~
tion. Last year a committee under the adspicéé of the National
Academy of Sciences reviewed that now-classic report to the
President and concluded that its fiﬁdinés are still generally
walid and are still generally being ignored. i
Since 1967 the Green Rgvolutionyhas occurred, and the world ™\

has beguﬁ to mobilize for a major scientific and organizational
effort to deal.with some of‘ihe majox  technical and organizational
problems. Increaéed‘prdductiqﬁ of the basic food crops everywhere
has at last beéd accepted as & pqimary solution to the woflq food
problem. | And increased .proddctivity and profitability of mllllans
of farms 1arge and small in deve&oplng countries everywhere. has

" been recognlzed as a pTerequlslte to the economic development uf

tﬂqse natlons.

» Second, the opportuhity for improvement of agriculture is

~

great. Much idle land in some countries still can be brought

i~ { under crops, although amounts differ markedly among regions (table £).
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. Also, yields of most food crops in most poor countries are /
~still extremely 1ow, For example, according tbﬂ?AO figures for
1970, there were 1é6 countrles in Wthh corn was producéd 1n
51gn1f1cant amounts. &For that year, the highest national average
yield in the world ‘- 7 .2 tons per hectare - was obtained by New
Zealand." For the” U S (u51ng 1971 -data because 1970 yields were
abnormally low) the aVerage was about 5.5 tons. But there were
78 countrles with natf%nal average ylelds under 1.5 tons, and 10
under 3.0 tons! ‘The yield gap is large. This represents the
3Brld's greateet_food reserve — on which nations. now must cal

Third, the nature and limitations of technology transfer are
reasonably well understood. The biological components of agri-
cultural productLon systems generally must be developed in the
reglons in Wthh they ire to be us?lﬁm The lack of food crop and
an1ma1 research in troplcal and subtropical areag has led to the
establishment of ten 1nternat10na1 agricultural research and P
training centers in Asia, Africa, and Leth America. Their wd/k
i.s financed by a consortium of national governments, international
egencies, and foundations, the support havipg grown from about
$15 million in 1972 to a projected $65 to $68 million in 1976.

A promising new approach to international cooperation has been
established, at least in this area of scientific qu&

Fourth, it has been demonstrated that gevernments'can in-
crease agricultural productivity rapidly if they will, apd that
farmers will change if they can. Only in very recent years has
there been evidence that the small farmers can be reached if
scientific and organizational efforts truly are directed to their
needs’.

Fifth, fertilizers are becoming available in sufficient
quantity to allow their use for basic food crops in developing
countries. At the turn of this century, chemical fertilizer
prdduction totaled only about 2 million tons. From then until
World War [I, there was only a gragpal increase in production

\~ .
\: . '
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and use, reaching about 7.5 million tons. Then production
leaped ahead. From 1945 to 1955 production tripied.@% 22

million tons, doubled again by 1965, and now is a.pproa.cﬁing.1

*80 million tons per year. The increase in fertilizer output and
-spread of fertilizer use to the:Vast areas in basic food crops in

_the developing countries are hopeful developments and must be {

encopraged.¢ .o

Sixth, most‘major financial institutions and technical
‘assistance agencies have greatly increased their emphasis on agri-
cultural development. Among them are the World Bank and USAID.
The world has in place most of the neces;ary assistance ins£itu—f
ﬁions to allow a world-wide agricultural development effort to

~be orgaﬁized and financed.

Seventh, there is increasing evidence that national author-
ities of many.ef the developing countries, for reasons mentioned
earlier, are now seriously interested in promoting their agricul-
tural aevelopment and‘improving the sfandards of living of their
rural pegple. ' »

Eighth, while many mistakes have been made in the past in
agricﬁltural and rural development efforts, much has been learned
recently about the development process and how to make it work
at the accelerated pace reguired.

U.8. institutions have had relatively little experience in
forcing the pace of agricultural development. For the past two
decades, food generally has been in overall“surplus supply in
the U.S., and there has been no incentive to undertake a campaign
to increase food producfion in this country; inifact, we have
been more concerned with limiting output.

The surpluses during recent decades also indirectly llmltgh
the effectiveness abroad of our U.S. assistance -efforts in agri-
culture. Until the late 1960's, it was U.S. policy not to support

work on the majorafood crops abroad. Many authorities in and out

ot ‘government believed that productidn elsewhere would adveréely
._7 7'
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affect U.éf sales of‘agricultural proE;cts, and that in any
sevent the U.S. probably could cover the supposedly occasional
deficits of the developing countries. But, by 1969, U.S. and
Canadlaniald agencies generally had been freed of such restric-
tlons, and they began for the first time to support work on crops
such .as wheat, corn, and rice. That, in my view, was a major
turnkng point in world efforts o deal with the food problem.
With provisions being made for development of‘some of the
techqelogy needed, with the increasing capacity to produce
fertilizers, with the financial mechanisms in place to facilitate
a wérl@-wide effort to improve agriculture, with a ‘new willingness
on the ?art of professional leaders to take their rural develop-
ment problems seriously, with the emergence of a strategy, the
world seemingly Has the capability to deal effectively with the
problems of food and poverty - for the first time in history.

Tt could nb%t have done so five years ago.

Needs for Research

Needs for research mﬁst_be dictated by the nature of the
problems to be solved. #0ne of the difficulties in dealing with
the subject of research, at least for me, has been the lack of
adequate terminology. ;erhaps we should consider agricultural
research in terms of.the needed forced-pace campaigns, borrowing
in part from the military. A spectrum of research efforts is

needed - operational, tactical, strategic, supporting, and basic.

{ Operational or Farm-Level

This involves the identification - through experimentati&n
on farms - of the .specific combinations of crop and animal produc—
tion practices that gill provide maximum productivity and profit-
ability on those fafﬁs Mq;Q of this vast amount of research -
or innovation, as some would call it - has been done by farmers

themselfes, partlcularly in the United States.
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In the developing countries, most farmers have iitfle
educatiop and are unaware of the vast array ;f technologies -
that they might empldy. They cannot experimeﬁt or innovate
as do their more»sophisticated and better-educated American
counterparts. Tﬁérefofe, in the developing countries, the
scientists must direct development of the local farm systems, _/
and *for the most part they must do so in répresénﬁative farms

of those nations.,. Perhaps TO percent of the world's agricul~

tural scientific manpower must be engaged in dperational'eiéﬁ-

erimentation. xy “;:
p e

Tactical

In each nation, supporting the farm-level rgsearch effort,
there must be one or more teams of scientist: ;} tifying or
developing new varieties for possible use in,those regions,
developing fertilizer-use practices, testing and developing'
methods'}or control of locally prevalent diseases and insect
pests, identifying new crop or animal production prac;ices, and
urflertaking such other lines of work as best can be performed
at regional experiment stations. Generally, tactical research
is that yndertaken for the specific purpose of identifying im-
proved componénts of farming systems that operational people‘
can combine as required to meet needs of farmers in particular

localities,

Strategic

L]
This category of @#esearch is aimed at the solution of

those major problems affecting several areas of a country or
a region of the world, or at the development of entirely new
approaches to the removal of major barriers to improved prdduc4
tion of a particular crop or animal species.

Such research should be in direct support of scientists

engaged in tactical research in several regions of a single

I .
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country or 1n several countries ~ efforts almed at puttlng
scientific advances 1mmed1ate1y to use as they. are’ developed "
Most.of the main lxnes of resedreh at the international agrl—
culturalc}esearcﬁ‘institutes aticentral eiperiment stations of

the larég}\pationsi and of our QWnumejqr state expérihent stations,
would ge 5f the strateéic type. A

Supporting . :

re

}ﬂ" These fundamental but purposeful investigations generally
are undertaken and financed because of the propable usefulness of
findings in ways only partially known. Much of the supporting re-
search related to the world food effort ie being done by national
agencies or at universities of the developed countries. One might
include in the supporting category such efforts as work on ndtrogen
fixation and its potential applications to the grasses, on photo- '
syntheéis or respiration pchesse§ of economic crop plants, or on
the nature of organism; causing plant or animal diseases.

)

!

Basic

Research undertaken to develop knowledge for its own sake
with no predetermined use in mind. This is an important category
of research on which all supporting, strategic, tactical, and

<operational advances depend.

An Example: High-Lysine Corn N

-3

\

Work on hipgh-lysine corn illustrates such a spectrum of
research efforts. Out of basic research on plant genetics came
the capability to identify individual genes and their effects on
organisms. This permitted the discovery of the opaque-2 and
floury-2 genes in maize, which.confer higher nutritional value
upon the grain. Since that discovery at Purdue University, USAID
has been financing supporting research at Purdue aimed at clari-
fying the nature of these genes\end of ways in which their effects

!
can be modified fgenetically. >
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. » At the International Maize and Wheat Improvement Center in
kMexico, scieptiéfs are working deliberately to incorporaté the
nopaQue—2 gene into 29 maize population$ and simu%taneously to
incorporate desirfble grain cliaracteristics, shortened plant
héighf, and other generally desirable features; this is strategic
work. '

In a. number q{;hatiéns, scientists at the tactical 1¢ve1 are
testing high-lysine strains of corn from Mexico and elsewhere for

potential

e in their highland, middle-altitude, or lowland
regibns. .
ianlly, promiéing varieties cbntaining the opaque-2. genes
%t be put intortest at the farm level to determine the specific
advantages or disadvantages they may have and to identify the
specific combinations of practices that will be required to obtain
highest yzeld andwprofitability on local farms; this~;: innova-
tion or reseqych of the opefational type.

At any partibular research center, one actuaily will find a
mixture of these twpes of research, and it is not suggested that
any category of research should be gg% exclusive respon51b111ty
of research groups at any given level in the system. It is
important to point out, however, that any effective work at the
strategic, tactical, and operational levels, wherever it is
occurring, is possible only because of the past advances in
regéarch of the basic or ‘supporting types. Conversely, support ‘
ofvbasic, supporting, or strategic research will be of no value
to mankind unless its benefits reach the farmer through the
tackical and operational researcg avenues.

The entire system must exist and function. A substantial
start has been made, internationally toward that end, and this

has majdr implications for the Unitedigtates.
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. The Emerging World System ‘

National Programs

. . Ina growing\gymber of developing countries, major'efforts

are under way to acceleraté agricultural research and develop-

ment.

.
. .

. Malaysia is planning a multiyear, $108 million prbgraa #o
strengthen its national research establishment, aided by 4
$28 million World Bank loan. A

Indonesia plans to augmenf her prgsent efforts<with a '$ho
million, five-~year program of improvement of work om rice, upland
crops, highland Vegetables, and rubber. .

Brazil has a massive new federal program, involving several
hﬁndred million doldars, and the current training abroad of i
hundreds of agricultural scientists. _ T

Guatemala has.established a new national scientific‘and

" technological institute for agriculture (IcTa is its S%anish‘ N
aéronjm) that is emphasizing &ncreased production of several‘
major commodities in the major regions of the country.

' India,.thrqugh its Indian Council for Agricultural Research
and its agricultural universities,-is becoming a leader in
diverse types of agricultural research.

There are reports that a massive effort is under way in
the Soviet Union to strengthen its agricultural research efforts,
presumably mostly of the supporting type.

* Many other examples cguld be given. The point is that there
is a spreading movement amohg_the nations of the world to bring
advances of science to bear on the productivity of agrlculture
These efforts in each country must, regardless of the natlon ]
size, meet the needs for operational« and tactical-level research
and j{nnovation; and in the larger nations, there w111 be strgng

elemgnts of strategic or even supporting research as Well

-~
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g éﬂ_} lLthatlonal Centers

¥
Serving all natlonb is the new network of international agri-
cultural research institutes supported by the Consultatlve Group
on Internatlonal Agrlcultural Research: )
The Internatlonal Rice Research Institute (IRRI) in. the
 Philippines | '
The International Maize and Wheat Improvement Center (CIMMYT -
) . J? from the Spanish), in Mexico
The’International Center for Tropical Agriculture (CIAT -
from the Spapish), in Colombia
The Internatioﬁal Institute of Tropical Agriculture (IITA),
in Nigeria
The International Crops Research Institute\for the Semi-Arid
Tropics (ICRISAT), in India
The International Livestock Center for Africa (ILCA), in
Ethiopia _
The Internationgl Laboratory for Research on Animal Diseases
(ILRAD), in Kenya |
The International Potato Center (CIP - from the Sganigh), in
Peru
The International Center of Agricultural Research for Dry
Areas (ICARDA), with headquarters to be in Lebanon and
Syria
In addition, there is the West African Rice Development Asso-
ciation, the Asian Vegetable Research and Development Center in
Taiwan, and a ne; Interﬁational Board on Plant Genetic ReSOurces;
with headquarters in Bome.
Fach of these centers or programsnis under the guidance of
a board of trustees comprising eminenf world authorities. Each
recelveé a major ploportlon of its fun@ing from members of the
Consultatlve Group. oupport of this system was one of the-few
acqivities receiving the general approﬁal of nations at the

World Wood Conference. TInterestingly, some of the oil-producing
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natiens already have begun to provide support tdftpese gctiv—
ities through the Consultative Group;. among the most recent new
members are Iran, Saudi Arabia, and Nigeria.

These . institutes offer stratégic«support for the msny new
national'efforts,_and some aré heavily engaged in a;sisting
nations directly with their in-country tactical or operational‘

programs -

Centers of Specialization

The aid agencies .of the United States, United Kingdom,
Canada, the Federal Republic of Germany , and the Scandinavian
éountries, to mention a few, are making efforts to involve major
research centers in their own countries in cooperative research
with the international research centers or major programs of
developing countries. 1In thé United States, for example, Texas
A& M.Univegsity isﬁworking with-CIATﬂgn,tropical animal diseases;
several U.S.:universities are coopefaéinglwith CIP or CIAT on
potato and bean researcﬁ reéﬁédtively; and Oregon State University
is wgrking with CiMMYT and the Turkish national program oOn the
improvement of winter wheat ana the crossing of spring and winter
types. Kansas State University is working with CIMMYT in attempts
to develop entirely new crop plants by attempting to intercross
major species - a technique that until recently has not been ‘ .
promising. Many other opportunities exist for cooperative rqéearch
between U.S. institutions and those abroad, with benefits both to
the developing nations and to J.8. fariners and consumers.
‘ Basic research, so important to the entire effort, %ontinues’
to be supported mainly in the United Statés, Canada; the European
naﬁions, the Sovief Union, Japan, and_Australia.’

These major new developments in agricultural research are of
importance to the Unitgd States, [or they will affect both our
techniédl assistance effort and the improvement of our own

. L}
agriculture.
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Igplications for the United States

While recognizing that the E S. research effort still is™
second to none, and has a reaggd of achievement of which we can
be proud, there still are many ways in which it could and should

be improved. .

Basic Research @{

.

Basic research in this country is promoted primarily by the
National Science Foundatlon, certaln of the federal ‘agencies, by
industry, and by some prlvate groups. ‘«Major investments have been
made in the physical 3riences, as a result of interest in space,
in national defense, and in energy. And in the biologioal sciences
considerable attention has:been given to fields associated with
the nation's interest-in medicine. Some contend, however, that
the biological sciences, other than those related to National
Institutes of Health interests, have . received relatively less sup-

port. If so, the imbalance should be corrected.

Supporting Research

The category of supporting research is receiving far too
little financial support when one considers the importance of
‘sustaining U.s. agricultural progress, of maintenance of reasonable
- food prices at home, of alleviation of food deficits and poverty '
abroad; and of increasing‘the efficiency of production abroad of
those foods that are now imported and will continue to'be in the
future. The present weakness of our efforts probably can be at-
tributed in part to the decades of surplus food production\in this
country and the understandable reluctance dhring that period to
increase funds for production—oriented agn}cultural research at
a time when surpluses were soO costly to maintain. The weakness
can also be attributed partly to the provinc1al nature of
our agricultural research establishment. Because for decades our
own research efforts have been so strong relative to those.of other

countries, involvement in international activities may not have

.
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seemed useful or attrac;ive. But that gituation is changiné‘
rapidly, as research activities elsewhere are increased. A
One could cite many examples of the typés of supporting researéh
that ére needed now, but mention of a few will illustrate this
point. ‘

First, the U.S. long has been a leader in plant exploratidn. .
An opportunity now exists, in cooperation with others, to’
-gystematically collect a wide range of major and little known
plant species agd to evaluate them for utility as major new
sources of food; fiber, or for industrial purposes. The USDA
éould do this particularly well.

< Second, animgl diseases abroad éontinue to keep productiv-
ity low and prevent effective harvest for man's use of grasses
and other forage rplants; and some diseases represent a threat
to this nation's ranchers if they should be introduced here.
The U.S. should have, within three years, at least three or -
.four major university or USDA reéearch groups working intensively
to identify effective controls for thoEe major animal diseaées
endemié»in Africa, Asia, and Latin America.

Third, major advances will be made abroad with the larger
number of crop plants in the tropics and subtropics in the years
ahead. Yet the U.S., as a léader_in world égricultural research,
- has very limited'knowledge of tropical agriculture, and that which
exists is scattered among many individuals and instiputions. The
U.S. does not have a single major interdisciplinary center of
tropical agriculture under its own flag. At minimum, the U.S.
should have, within three years, one majdr research center in
the Caribbean oriented toward.cooperative work with the Latin
American nations, and one in the Pacific<concernéd with co-
o?erative workvwith nations and institutes of Asia. 'Such centers
should be federally supported and should be pnder the guidance of
boards comprising distinguished Américgn authorities. FEach center

should provide a training ground both for substantial numbers of
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young U.S. scientists and for personnel of ether countries.
Efforts should be made to stimulate the flow of information to
the U.S. as well as to other countries. The centers should
provide facilities at which students and faculty ef our many
universities could obtaln experience and conduct research in \
tropical agriculture, perhaps ¢ombining research at the tropical
centers with courses at participating universities, whlch would v
award any degrees. T

Fourth, certain tropical diseases are rampant in many of
the developing nations. The U.S.’seemingiy could make a major
contribution to the alleviation of world suffering by arranging
for three or four of our major centers of medical research t&
seek, on a continuing basis and in cooperation with others, efei
Tective means of control.of the more importaut diseases, on a \
forced—pace‘basis. ~ : .
Fifth, the more fundamental but purposeful work on our major\g
- food, fiber, and animal species - the supporting type - clearly )
has been neglected in this country durlng the years of surplus

food production. Reportedly, Natlonal Science Foundation funds

for basic research have not been available” Becauss sueh” purpose—””mmw"”wmww

ful work was cons1dered to be ™ applled Meanwhile, funds for
this work were not increased because of existence of costly sur-
pluses. In short, it appears that thlsdentlre area of hlghly
important work has. fallen t;rough a very wide crack in our ﬁ£¢

tional research effort. {

The United States, through USAID, has been a major suppdrter,
* both financially and intellectually, of the system of interna—i\
tional agricultural research institutes. That contribution of tpe
United States is highly respected around the world and should be\\
continueds Currently, the United States providées up to 25 per- |
cent of Zzegpudgets o@,approved programs’' of these centers ~ a

l.“.

reasonable level of U.S. support for a truly multilateral endeavor. .
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Technical Assistance Management ¢

v

_The United States should maintain a strong bilateral tech-
nical assistanée program. "The activities of the internatidnal
banks and the international assistance agencies are improving and |
deserve continued and expanded U.S. support. However, the U.S.
would do well, in my view, to ma1nta1n a strong bilateral program,
for there is great strength. in a pluralistic approach. It also
should be emphasized that since 1969, when USAID flrst began to }
shpport intensive work abroad on major crop and animal species,
it seemingly has greatly improved its knowledge and, the effectivew-
ness of its operations -

The task ahead is of such magnltude, and the implications
for the United States are so 1mportant, that a permanent organ-
ization withrzheQmandate to develop a U.S. strategy, and &ith
funds to implement it, would seem urgently needed. - It should
have the major responsiﬁility for effective U.S. involvement in
a world-wide effort that would be, because of the biologicai,
social, and polltlcal varisbles involved, far more complex than

that of the space program. Our nation has the men of wisdom with

. the requisite experience to guide a new initiative. Activities

_ in.the research and development area are by their very nature

long-term, and thus require a. continuing effort with the 1nst1—
tutionalization of:knowledge. The effort would require the in-
volvement of manyvof our universities, USDA and other agencies,
our industry, and the many groups in this country that are ready
and able to participate in a concerted, well-guided effort. To
be effective, it would have to be freed to the degree feasible

from varying political objectives and divorced from association

with military assistance.
. '

% :
The United States needs a more coherent and substantially

expanded program of- grants to U.S. investigators concerned with

28
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improving the productivity of agriculture at home and abroad, of

grants to U.S. ihstitutions to allow them to cooperate wit% insti~-
~tutions abroad on a long-term basis without Jeopardizingmtheir
primary responsibilities‘to their own states or regions, of train-
ing awards to young peoplé in the U.S. t& allow them to obtain ex-~
perience abroad as they contribute to the common underteking.
While the effort needéd is great and complex, it qéed not be nearly
as costly as the épace program, for much of the cobperative activ-

ity elsewhere must be financed, and can be financed, by others. -

A Magnificent Opportunity

Going back to an earlier theme, the %orld'now has, for the
_first time in history, the capability to deal effectively with the
problems of hunger and poverty. The future of our own children and
our nation is clearly intertwined with that of people and nations
elsewhere, and the wisdom of this nation's choices in the immediate
future will markedly affect the nature of the world in which the
next generations will live. While the food, population, and poverty
problem is massive and complex, and will be extremely difficult to
resolve, the existence of the world's new capabilities offers a
-pagnificent opportunity, perhaps a fleeting one, to deal with it ef-

fectively, if governments have the will and the wisdom to act.

Vo B
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¥ Table 1 The major basic food chps by region, 1971
5 T ’ .

v ' 1 Dé&eloping Countr®™ss, by Region . o Wor1d~

Latin Near Far . Developing - Total )
' w"" Africa America " East Fast - : o ‘

O

J. '
Cereal Grains (millions of hectares)

Rice 3.6 6.6 1.1 80.T7 92.0 13h.1
,Wheat 6.9 8.7 19.7 .24.8- 59.6 ' 21T7.7
‘Maize 10.9 26.7 1.8 13.1 52.6 ' 111.6
Sorghum 10.2 3.8 3.5 17.4 3k.9 ho.7
Millets 4.1 0.h 0.9 19.8 35.3 - 68.0
‘' Barley 4.8 1.3 5.4 3.6 15.1 79.7
Oats 0.1 0.6 0.3 - 1.0 31.3
Rye - 0.5 - 0.7 - 1.1 18.7
Food Legumes (thousands of hectares) R
- Soybeans 173 1,890 15 1,023 3,101 36,464
Dry beans | 2,676 6,437 , 1kl 8,183 17,436 - 23,272
Groundnuts . 6,426 1,209 : L2 2 16,689 © 20,040
Dry peas 532 176 T 9Lt - 1,631 8,988 .
Broad beans I 307 184+, - ¢ 956 4,706
Chick-peas . 565 234 248 8,960 ) 9,979 . 10,236
Pigeon peas 147 50 - 2,73h 2,930 2,930
Cowpeas bt T 8 3 b,787 b ,847
Root Crops (thousands of hectares)
. J
. Potatoes 270 1,127 257. 719 2,373 22,294
Sweet potatoes - 1,255 Lob 137 18 2,82k - - 15,257

Cassava 5,Th3 2,597 200 2,165 10,716 : 10,836

Source: FAO Production Yearbook, 1972.
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able 2h'Distribution of farm size in Indonesia, Bangladesh, Pakistan,
+ 4 and India :

t

S Area, J‘findonesiafl, ﬁangladeéh .West Pakistan Indié
- Hectares = (1963) - ~ (1960) - (1960) (1961)
T percent‘ percent percent percent
Bt e Y : 15 -
, - .h-1.0 26 21 18 3%/
1,022,018 26 16 . e,

" 2.0-3.0 5 12 12 a3
3.0-5.0 3 7 1. s
5.0-10 & 3 TR 6 '
10-20 { 2/ 6 - ,s

20-60 Iy - |

60 ’ . ’ - ‘ -2-’/“.\; o

Amount 'is for over 25 acres.

2 Leés,than 0.5 percent.
3

Amount is for all holdings under 2.5 acres. .

o . . . ) . .
Source: Falcon, Walter P., "The green revolution: second generation

. problems." American Journal of Agricultural Economics,

3 .+ -Vol. 52:5, 1970,.p. 7T0T. " :

e
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Table 3 World population data by region, 1973 estimates

-

o -

f - No. of ) v Growth . Years to
_ Countries Population_(millions) Rate (%) ~ Double -
 Africa - ' (371) « (530) | i
.~ Northern 6 95 . 1ho 2.7 26
.- Western ° . 16 110 155 2.5 28
Eastern 15 106 149 2.5 28
Middle ' 8 38 ' 52 2.1 33
Southern 5 25 34 2.4 2 .
ABi& .- . (2 320)4) (2387)4) i
*Southwest - 16 8L 12i 2.8 'ﬁ 25.‘
Middle South 10 828 1137 2.6 27
Southeast 12 313" ° L3k 2.8 25
East ! 8 . 978 1,182 1.7 L1
/ N
' Americas‘ R
North 2 233 263 0.8 87
Middle T (R © 112 3.2 22 -
Caribbean 11 27 <36 2.2 32
South: o .
Tropical 8 165 - - 236 .. 3.0 23
‘Temperate L 41 51 1.7 L1
Europe - 29 b2 © - 515 £0.7 99
USSR | 1 250 287 . 1.0 10
Oceania , b 21 27 2.0 36
WORLD * . 162 3,860 4,933 2.0 35

;"

Source: 1973 World Population Data Sheet, POpulatibn Réferenée Bureau, Inc.,
i Washington, D.C. '




Tdble 4 Per capita gross national product of countries in Africa,
Latin America, and Asia, 1670 '

i ' . =
S . North America
‘Per Capita ’ " : . Europe
GﬁP (dollars) Africa  Latin América asie’ Oceania Total
Less EE-’199 12 . . 8 - 20
1100 - 249 25 2 15 ~ | h2
250 - b9 9 1 12 - o3
500 - Th9 1 8 2 3 1
750 - 999 2 5 2 3 12
1000 - 1999 1 3 1 6 1
2000 - 2999 . - 1 - 13 1k
3000 - 3999 - - - - b kS
4000 eroger - - - - 2. 2
0. 30 b R 3}

1'Oil producing countries omitted‘by authors; Fiji and Papua-New Guinea

included.

[

Source: 1973 World Population Data Sheet, Population Reference Bureau,
' | Ine., Washington, D.C., Original datse from World Bank.
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Table 5 Populations of United Nations members and of geopolitical
entities, 1973

!

" Population in Millions #”

L o , )g Number of
. Region  0.1-0.9 1.0-4.9 5.0-9.9 10.0-19,0 20. 0-@ 9 50 0-99.9 100+ Countries

iea, = - | | o - \
“Northern - 1. 1 3 1 - - 6
 Western 3 .9 3 - - 1 - 16
" Eastern 3 5 4 2 1 - - 15
Middle 2 3 2 1 - - -8
Southern 3 1 - - 1 - - )
Aaia |

" Southvest T L 3 1 1 - - 16
Middle South 3 - - 3 1 1 10

Southeast 1 3 1 2 -} - 1 12
Bast 1+ 2 - 2 1 - 2 8
Americas '

North - - - - l - l 2
Middle - 5 1 - - 1 - T

Caribbean 5. 4 2 - - - - 11
 South 2 2 2 3 2 - 11
Purope, USSR 3 & 8 b ) o I 30
Jeeania 1 2 - 1 - R S |

' Totals b by o1 2 17 . 8 T 160

: Includes only those entifies having populations in excess of 200, 000.

Source 1973 World Population Data Sheet, Popule.tlon Reference Bureeu, Inc.,
Washlngton, D.C.
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Table 6 Dotiuated eounts of cultivated land by region, compared vith potgntially )

arable land, 1965, versus anounts outside the hunid tropics

4 Area in Millions of Hectares | Cultiv,ated Tand
Potentially  Culti- Potentially arable As percent of gred Per person

wRegion Total Areble . vated not - cultivated potentially afsble  (hectares)

npue d a u @ 0

M 309 .TR W 1 10 Sh W 22 Y0505

e a7 @7 M5 st o - B W 0303
Austrelia, - o - r | |
New lealand 82 5k 120 16 200 133 10 0% 0 L2 L
e MBomom s omc & 2 BB 0k 03
lrth dmerics 2,000 W5 b0 29 Ao 26 A S By . 08 09
it herics L2 6D M0 M b 2 ¢(29’o_~ ncoa 0k

Cww 22 mowm o2 2 1y w6 # “ 195 10
] B b2kl D upe N ook |

( | . o - B

Sources: (1) "Water and Lend" in The World Food Problen,Volute IT, Report of the Pre51dent'
Scxsnce hdvisory Commttee, USA, May 1967, o

Vo
(2) Out31de %e humid trOplcs Reelle, Roger l9'{h Populatlon and Resources.
Regearch Paper No. §, Harvard Center for Populatlon Studies. |

Py
7,

| Note: This' 1s ape;rtial list.of figures, Totals incl-udq are,as not."represen‘oed on-$eble, -
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