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Recent Tronds in Food Grain Production 

The spotlight is clearly on agriculture today. With soaring domestic 

prices, embargon on the cport of some agricultural products, an! the spectru 

of severe food shortages in several developing nations, food has taken center
 

stage. Let's put aside for a moment the immediacy of the current agricul. 

tural questionh, and look at the picture with a lonjor time horizon.
 

Figure 1 prejents index nuboers of total and per capita food production 

in developed and less 4eveirped ccur.triea for the period 1963 to 19r7-. First 

let's be clear what these index rmbere mean. The Laai periodl is i514565 

an average food pr uction in tl-.tt period is set equal to 100. Production in 

other years is eypresaed an a pereenta4V, rf thi bane, hence an In-le-, of 110 

iman that rrNti, In thAt yeur wus ten percent abn'e the base period. The 

upper part Gf Flcure 1 thova that total food production 1.t hi develcped arA 

lose drvel:oe4 ratlo:.o has rr at about the aw4 rate in reoe:,t years. In 

both groupu of naticra we see that 197 ,prn4ut a ,as ruwhly 25 1.1rcent 

hi her than In the base perltd. 114s was a reLrablv mccv4*la1i nt fc;r the 

-in^xio, nnAtiorna 13ili havn lizlte1 lat.t, a iiortate of alapted t"chnolo(, 

and insufficient Nunla to purchiae irnputa such as firtliz er ftil agricultural 

chemicals. 

The rA'1rd trnd In output of l - inwc me eountroa avcrtLda4 tbr.ut 2.5 

percent per year over the deca ,e This level (;f acihlvemant was riever att;aino 

by the lnduntrial n4ation at a sizIlAr atjve rf o-nc1o invnlufzent. Th-

Crease4 fL prmluctton wtn realized In d4Itinctly different ways in the two 

groups of r.ations. Crop aoreage in the 4 rAuztral. r.atlcn:u rtclln"( ullghtly 

over the time perlod, henco all the rlbs Ii 1,ruductlon is attributable to 

rising yields per Acre. Virtually all rf ths growth in agricultural output in 

the LDCn fra the Korean 'tar through 1/7 deriveil from bringIng neow land under 

the plow. Oince 1967 sevoral developing nAtions experienced a yield tai.e off 
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ootaioldnt with the adoption of new high yielding varieties of wheat and rice. 

Th sharp rise in LDC food production between 1967 and 1972 is primarily 

attributable to the fact that approximately O million acres of .sian land 

wore planted to the new seeds,. 

The Increase= ini frood p)r dution ahieve4l by devolopirknatlons over the 

past decad were aloat cpletely obliterdted by population growth. The 

lo er portion or Figure 1 indicated that the LICs e):perlenced a very modest 

iLrrease in per capita fcod production trouh 1970. Per capita food produc

tion fell In 1971, &M drupped abruptly In tt.e pr crop ycar of 1,,2. Of 

coutrse von all dovolop~~~l nlticr.s are l tc,t:eI ethor, eginiVIcrt diter

onces in the pertfrir.,, of aub-arnas In ras)oe . Pcr empita fo~d pruduction 

in Latin Amriru ).aa increms*4 at,&dily, if r diotly, over the pftat decade. 

Food prod,tin per capitt in Afrire4 )as trended zlovly doinwarl. As an food 

production hs boar. arrutic, pz-.bbly bccause it 10 more Often inf1uence4 by 

adverse weather tha4 othor area,. 11t avallable data does Inflicato the strong 

positive influer.eo( of the tou rice and ttcat mee in Asia. We m*y ConciU40 

that per capita foe04 p r .lurr ion In the 4Ca 4a a vrole 44a barely kept page 

with popultlon grovth. Of eourse thono xtatitio ropremont rnly &4aatiC 

production. Prtu4tetion ahrrtfalls In tbo poor rAtluti4 Ltve been significantly 

Aupented by 1sq Grts. This was particularly true whan tnist ive rood tra.s fers 

tram the Unlted fltates breeched a poirt or the ro,)d 0,0p brought about by the 

widespread 4rought in Asia durisq the mid-l/O'as. It Is elso true that this 

data pertains priim.rtly to ralorioe. In the juijrent ur noot obaervera, there 

hits been little or no impruvemnet In the quAlity of ditt in the LiAA. In

creasing the avMilability of protein, vitins, 4n4 minerals presents a very 

formidable problem. Upgrading the level of nutrition through Inoreased pro

duction of livestock products# fruits, and vegetables is difficult, for theso 

http:influer.eo


food require resources of land an4 teohnology which in many cases are not
 

available.
 

We are certainly all aware that foc4 production in 1972 was substantial 

below the record level of a year earlier, It in eatimated that world grain 

production fell by 42 million metric tons. The main reason for the decline 

ws an extraordinary coincidence of poor weather. 'l4emonscon came late to 

India pulling her production down by nearly nine million metric tons. The 

Soviet wheat crop was off by 20 million metric tcna as the result of heavy 

winter kill, rad a dry hot grovi4, zeason fIor prirn sown grains. Indonesian 

rice production was cut by 4rc4uht, while the 1ilippinr.e Islands were ravaged 

by floods. A r4 the induistri-l nations, Australia and the Utted Statea saw 

foo4 production fall as %result ( f bed weather. Utually when oi part of 

the world experietses a bat growlrvw, aeaoon, elimatic ccoditinsi are gcood else

where* It in ,rpmbAble tlAt nt ino time In tLh fst century have as many total 

acres been aMvtirely affeted by weatler. 

Hard d&L4a Ia ,ot yet available, but it asem certain that .973 will be 

only ulightly battor th4an l19'.. nitt rma;.e for a serioun aitusAon, since 

world grain rietc'k havo boon pulled down to bare pipelino leve's in mont ex

porting nat ons. (2Oe TAblo I,) 

1973 wbent atucks are the lowest in two decades. They conatitute only 

645 percent of production, an cc=prar*4 with approximately 10-25 percent during 

the doca4e of thn 11A6'. . 2. 5tr cka in the rat year wore pullad dom by over 

11 million metrJc tonn. It will take several years to restore atock to an 

adequate level of approximately 40-5o million metric tonA. While these stocks 

are being built up, the world food grAin situation will be precarioun. 

Despite this, I think that when appraising the curront food situation, many 

have been overly peusimistic# There was a similar ware of hand-wringing in 



IRMT: WL) AND LVTED S'T&ZS 
MIA I.. STO=E, 1950-1973 

1Vorld St~cks Irv U Production my~ us Stockcs
worJAit 'Moz,1d/ as a i a3 a %o stocks as a % of 

Prodution Stocks World Milli=i World MilloD World 
Year d =_~li etric_ Production Metric Tow duction Mtric Tons Stocks 

1950 172.2 i6.2 7.5 16.1% nL 72.6%7.1 

1951 176.2 17.0 9.2% -9 15.3A 10.8 63.5% 
1952 2C1.6 13-5 6.7;' 35.6 17.7% 7.0 51.9% 

195h 1g-4 44.o 22.% 26.8 1h.ro 24.6 55.9 
1955 201.6 15.8 22.7% 25.5 12.4% 28.0 61..3
1956 212.3 17.4 22._4 274. 12.9% 28.2 59.5% 
1957 208.3 47.8 22.9,; 26.o 12.5% 24.8 51.9% 
1953 237.1 1,3.8 18.% 39.7 16.7% 24.0 54.19% 
1959 221.9 53-9 2.3% 3-5 13.7% 35-3 65. ' 
1960 22.3 53.8 23.2% 36.9 16.6% 35.8 66.% 
1961 211.7 5k.3 25.3% 33-6 15.6% 33.5 70.9% 
1962 238.7 18.0 2.!$ 29.8 12.-% 36.o 75.0%
1963 2271 17.2 2%.'% 31.3 13.8% 32.6 69.1% 
1961 25311 411.0 26.2j 35.0 13.9% 21.6 6,.o%
1965 25. 36.9 15.a 35-9 1,.6% 2-3 6.
1966 280.0 3D.1 1o.9% 35.7 12.8% 14.6 48.5

1967 277.6 3D.1 io.8% 111.5 z1.9% iL.6 38.5
 
1968 308.14 35.5 21.5 42.9 13.9% 1T1.7.
 
1969 28. 53.1 18.41 39.8 13.8% 22.3 2.0

1970 288.3 59.6 20.7% 37-3 12.9% 21.1 40.4%
 
1971 322.6 44.1 13.-7 4i.1 13.7-% 19.9 45.1%
 
1972 307.5 1.5 13.% 42.1 13.7 23.5 56.6% 
1973 3/ .3.S-6 1, 22.5 6 47.7 13.7' 11.7 52.0% 

Source: Calculated frm various Issues cT 'J- , Eco,,i -:earch Serv'icL, Wlhcxt Situatirn. 1973 world produc
tion figure frcm UW\, Foreign Agricultural Service, Var'd Arricul!-tural Producton and Trade, S+tistical 
Report, Septemer, 1973, p- 20. / Sc.rce: Afr2culturl Stati -ties, 1972, Table 1. Figures for 1970-73 are 
c-lXcnted ftr wheat Sitmtio=, Auust, 1973, Table 13- Prlizinary. V/ 1973 Soviet Wheat production 
may be cvr-s-ated relAtive to previous yeers d-., to a chang in metbr., of reporting. 



the !d-l96Os when production in the LDCs fell drolatically. United State
 

farmers were encouraged to gear up and "feed the world." This we did, and 

2,arge quantities of grains were transferred to Indi&, Padkistan and other needy 

and South Asia, less of our connationp. When good weather returned to eat 

cessional grains were desirel and soon the Unvernment found itself in posses-

EIon of mounting a'lrpluses. Agricultural policies in the United States and 

Cana" were readjusted to restrict grain acreai-e. 

M4ken per capita food production in the LrCs is bumping along at a level 

ornear subsistence, then any al.ortfall in production caused by weather other 

its role ascircumstances is serious. The United States must recognize 

residual oupplier of world grair. reqLlrements, and keep its agricultural pro

grams flexible to aoccurcdata th- ebb and flomi of grain production in the 

LDCs and the Comnmunist block nations. 

Estlmates of Future Production and 

Requi. Mrts of ForA Grain 

Economiats and agriculturists have used historical dati, examined current 

condevelopments, nnd uned crmputors to project the world food production, 

Nu ption and trade in the 1,180s. Table 2 presentn the moot current estimates 

-of the United States Department of Agricuture. / The results provide some 

insights and give us some guidelines concerning the future. Several critical 

suwnptions relatingi to these projections are worth noting. For the develop-

Ing nations, alloiance ies mMade for the population increases cited earlier. 

It was assumed that per capita consumption of 6rainn in LDCs would incrnase 

about 4.5 percent between 1969-71 and 1980. This compares with assumed in

creases of 7.9 percent in the developed countries and 12.5 percent in the 

7.hoT,.uthor jich,:n to %c':nowlndge the conaidir,%bl3 assistance of Dr. Dana 0. 
Dalrym.ple of tha U.S.D.,. in the preparation of the following appraisal of 
world grain projections. 
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WOIRD PRODUMTIC, CCNSUJJT9 AND NET TPAD3 OF W AT AND TAL GBAM 
Table 2. 1964-66 AND) 1969-71 VTTI F1M TIfS FOR 1980 _/ 

Central Plan
Developed Courtries~i Cottries 3/ 'evel-oi. Cntries- World 

Comdity 1964- 1969- 1964- 1969- 1964 1969- 1964 1969
and item 1966 1971 1980 1966 19)71 180 566 15 71 1933 1966 1971 198 

- -illipn metric tons 


Production 109.1 112.2 13o.8 122.8 142.7 176.3 47.2 63.0 91.1 279.1 317.9 3908.2
Consmption 78.7 87.8 96.2 136.9 147.1 181.3 66.1 82.7 120.4 281.7 317.6 397-9
Net trade 5/ 32.9 29.2 34.3 -14 1 -4.4 -5.0 -17.8 -21.8 -29.3 -1.0 -3.0 0 

Total Grains 
producti'n 346.3 403.3 4-95.7 350.3 4 1.0 499.3 248.2 301.0 4o6.6 944.8 1,105.3 4,01.6V 
Consumption 328.9 374.2 45o.0 364#.o 403.6 504.7 263.5 317.3 441.8 956.4 1,100.1 1,396.6 iNet trade 29-9 30.1 40.7 -13.7 -7.6 -5.4 -14.0 -17.8 -35.2 0.2 -1.3 0.. 

I/ .!heat, coarsa grains and milled rice. 

2 Includes United States, Cpnada, ..estern Europe, Japan, Australia, New Zealand and South Af rc. 

/ Includes -astern Europe, USSR and the Peoples Republic of China. 

4/ Includes rest of world. 

5/ Somc regions do not balance because of stocks; minus indicrts net imports. 

6 1980 Uorld production exceeds vorld consxtlo aby five million metric tons. This is reflected by an
accimulation of stocks in the developed nations, i.e., their production e=ceeds domestic consumptiou

and exports by five million metric tons.
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communist nations. In absolute terms, per capita grain consumption in tht 

4evolopina r.nntinns would ba only 25 porcent of the lovel in the developed 

countries and one-third of the consumption of Communist block nations. 

World production of all trains would increase by about 30 percent between 

1969-71 and 1980. Amons the grains, production increases wlould be greatest 

for wheat followed by coarse grains (corn, oats, bnrley and grain sorghum).
 

The projections for 1980 indicate that the production of grain in developed
 

nations will significantly exceed domestic needs. The difference uill be
 

exported to both Coirunist and low income covntries. Wheat vill account for 

the greatest part of these e::ports, 34.3 million metric tons out of total 

exports of 40.7 million metric tons. Compred to the 1969-71 level, total 

grain exports are expected to climb b:, 10.6 million metric tons. As noted 

earlier, the developed nations, mainly the' Unitod States, will serve as a 

reservoir of available grain exports. Production in the developed nations 

wFill exceed domestic requirements and exports by about five million metric
 

tons annually. If there are no particularly poor crop years over the next
 

decade, this will allow,for . substantial rebuilding of stocks.
 

When projected grain consunmption in the developing nations in compared 

with projected production, it is seen that a substantial gap of 35.2 million 

metric tons exists. This breech will have to be filled by imported grains, 

mainly wheat. If imports fill the projected 1980 deficit, they will account 

Ir 8 percent of LDC consumption. In quantity terms, LDC imports will double 

over the projection period. LDC imports of wheat iill be particularly impor

tant, accounting for nearly one-fourth of their total wheat consumption by 

1980. In dollar terms, the projected LDC grain imports represent a staggering
 

financial burden. At expected prices, this could amount to 2.5 billion
 

dollars yearly. It is a moot question whether poor nations will be able tO
 

expend this level of foreign exchange. In my judgment they will not, and if
 

this magnitude of grain transfers between the "have" and "have iot" nationi 'is 
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reallied, it will,16e'aa a result of concessional sales by the developed. 

nations. If subsidized exports are not availaCle, I feel that consumption of 

grains in the LDCs wil fall significantly 'elo', the level projected. 

Grain Demands in Communist Bloc!: Countries:
 

The largest unknovn in future world grain trade is the posture taken by
 

the Soviet Union. Until recently when poor weather lowered Soviet grain
 

production, they tiChtaned their belts and reduced livestock numbers rather
 

than turning to the world warlet. 
Last year the Soviets reversed their policy.
 

They had a substantial grain shortage, but elected to hold livestock numbers
 

constant and imported nore than 20 million metric tons of grain. 
The Soviet
 

Union has a huge grFin acreage, and even a reduction of two or three bushels,
 

of wheat per acre results in a very substantial drop in total tonnage produced.
 

If the Soviets stick to their policy of increasing domestic livestock produc

tion, they may be the most dominant factor in the demand for developed country
 

grain exports and hence the availability of grain for the LDCs. Should the'
 

demands of the Soviet Union and LDCs coincide in any single year or sequence'
 

of years, we may have a repetition of the 1972-73 situation.
 

Another factor importantly influencing tha availability of grain imports 

by the free world LDCs, is the action of Mainland China. A grain shortfall 

in this huge nation of over 850 million people would have important implica 

tions, should they elect to increase imports. For many years, Mainland China 

has asserted its self-sufficiency in grains. This attitudemay have changed,
 

for China has mde repeated 'purchases from Canada' and' Australia -in recent 

years, and in 1973 Unitd States iiheat ioved to China for the firs time iri" 

over'tW-o dechd~gt. 

A final factor bearir g the avai .i.. bUlb ty of .ut.. . . 4 the 

LDCs is the attitude and demands of the wealthy nations. Baldly put, 'riil the 



This questiQndividesv.itself

developed .natibns release: theirl surplus,grains? 

into'two parts: First, will -the'developed,natios,give up the grain or will 

- . 
they elect:to consume-it in the form of.increased 

livestock products?-


Secondly, will the developed nations be 
willing to subsidize grain exports to
 

nations unable to pay comercial prices?
 

Grain Demands in Industrial Countries: 

,:During the 1960s, the world food problem 
u" perceived as a population 

.. 

At the end of each year analysts critically compared 
rates ofg1..oth


.problem. 

in food production and population to see if the 
situation-hadieproveor
 

During the 1970s, world population will continue to mount, 
creating


worsened. 


a rapid increase in demand for food, but, in addition, 
rising affluence has
 

emerged as a major claimant on worldfood resources. 
At the global level there 

-,-population, and 
two factors contributing to the demand for food 

are now 

may divide the nations of the world into two 
consumption,


rising income. We 


those who use nearly all of their grain production 
directly as
 

categories: 


human food, and those who convert most of their ,grain
into meat, eggs and
 

In the poor nations, annual availability of grain 
per person


dairy products. 


Nearly all of this small amount is,.onsumed
 averages only about 400 pounds. 


In the United States, per

directly to meet minimum energy requirements. 


Only about 150
 
capita grain consumption is approaching one ton 

per year. 


pounds of this grain is used for direct human 
consumption. The balance is .fed
 

The total quantity of grain consumed directly 
and
 

to livestoct and poultry. 


as livestock products, continues to rise rapidly 
as per capita income climbs.
 

The impact of rising vertlth on the consumption 
of livestock products is
 

Our per capita consumption of beef
 typified by trends in the United States. 


climbed from 55 pounds in 1940 to 117 pounds in 1972.
 



*,P~r capi~a~p~ultryr 9onsption rose from 18 to ,51pounds over the same 
period. Europe, Great Britain, Scandinavia, Japan andthe Soviet Union have 
a comb ed opulation,.otf nearly 800 million people. Future increases in the 

eplthoof .thpse patlons vill put intense pressure on the demand for grains to 

be converted into llvestqck.products. We need.not prolong the argument. It 

is,possible that rising,affluence in the developed nations may cause their 

internal dmand for grains to rise more quic'!ly than the projections indicate. 

If hge irancase far less may be available for export to nations who
 

are struggling for mere subsistence.
 

L::Grgiht Trafsfers to.:Devbloping Countries ::,. 

.2,Thnb 5ecodt proposition forwarded is that-developing nations will be, 

unablebito pay.competitive 'torldpricesfor grains, and taxpayers in %te 

wealthy-nations .will be;un illing to subsidize exports s This hypothesis is,
 

fortified: by the' observation, that concessional 
sales to LDCs willreduce com

mercial exports 4These ,'re difficult questions to tackle.. As to the asser: 

tion _that concessional bales will- not be funded, little can be said. 
We masy:
 

make the observation that even though they are expensive, concessional-sales.
 

will be.worthy to:,the; extent that they contribute to peace and reduce costly 2 

military invol*ementiv A myriad of factors bear on the ability and willingness 

of LDCs to pay hard cash for grains they import. Perhaps the,mOst important
 

of these :is',Ahe .iate ofZ gtowth.in per- capita.income of the'poor, nations. 

clSome&:-experts :argue'that- increased technical aid ahd concessional food 

sales by. the United 'States, have: been the catalyst which,purs economic' develop

ment 'and' leads to 'later cash food purchases.) There, seems to be some basis in 

theory anid perhaps some historical -evidence to,:support 'this'proposition. If
 

the LDCs import grain at concessional prices, they are able to conserve
 

valuable foreign exchange and enhance domestic capital formation. The funds
 

http:gtowth.in


so conserved may be used to increase domestic industrial production. This
 

provides jobs and stimulates a rise in per capita income.
 

In low income countries, wage rates are closely tied to food prices.
 

Food imported at concessional prices may dampen an upward spiral in wage rates
 

and, hence keep low an important cost of industrial production. This allows
 

the developing nation to be more competitive in production of labor intensive
 

If exports of labor intensive manugoods for both domestic use and export. 

factured goods are increased, the developing country can use the funds to 

import food on a cash basis. 

Rising per capita incomes in: a developing nation may stimulate imports 

of food The higher level of affluence may create a demand for traditional 

cereal grains beyond what can be produced domestically. Rising levels of 

incohe also create a demand for livestock products, fruits and vegetables. 

Low-income nations suffering from severe land shortages cannot afford to con

vert food grain acreage into the.production of these "luxury" foods. As a 

group the developed nations have the comparative advantage in producing' live

stock products and the feed grains they consume. It may then be reasoned that 

higher levels of living in the low-income countries may create a demand for
 

commercial sales of feedgrains and livestock products from the United States 

and' other developed nations. 

In summary the sequence is as follows: Concessional grain sales to a 

low-income nation can stimulate a rise in its level of living and ability to 

export industrial goods. The higher standard of living in turn creates a 

demand for foods which cannot be produced at home. The proceeds of indus

trial exports may be used to purchase foods from the very nations which initi

ated the concessional sales. 
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What is the evidence? Since 196% United States oonoessional sales to 
developing nations have dropped substantially while at the same time our oca 

mercial food sales to the LDCs have increased sharply. (See Figure 2) Note 

particularly that betw;een 1970 and 1973 commercial sales to LDCs more than
 

doubled, rising from about $i billion to 
over $2 billion. During the same
 

time period, concessional sales declined by approximately $100 million.
 

Nations which appear to have used initial import of concessional grain to
 

stimulate domestic growth and later expand commercial imports from the United 

States include Taiwan, South Korea, Brazil and Nigeria. It is a very puzzling
 

question whether nations with huge agricultural populations such as India,
 

Pakistan and Indonesia can or should employ this strategy. The inherit danger
 

in this method of achieving higher levels of living is two-fold. First, a
 

developing nation may presume that concessional imports will be continued
 

indefinitely, and neglect domestic agriculture which in many cases employs
 

more than seventy percent of the labor force. Secondly, the wealthy nations
 

may become hostile to the importation of industrial goods produced in low wage
 

rate countries thereby denying them the opportunity of earning vital foreign 

exchange. 

The Green Revolution
 

If I were to ask you to cite the most significant scientific advancement 

of this century, surely most would suggest man's conquest of the moon. I 

would forward as my candidate the work of a dedicated group of plant breeders 

and agriculturalists who spawned what has come asto be known the Green Revolu

tion. Certainly if your criteria of importance is the number of lives affected, 

the Green Revolution must rank as science's greatest contribution. The new 

fertilizer-responsive varieties of rice) wheat and corn have touched the lives 

of hundreds of millions. 
Much has been written about the Green Revolution. 
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It has been forwarded as the panacea of man's problems, and has been maligned 

as socially and politically disruptive. Is the Green Revolution a cornucopia
 

or a Pandora's box? No sequence of changes this far-reaching is entirely guod 

or evil, and we do not have time to unravel much of the evidence here. I
 

would like to discuss briefly: the nature 'fthe Green Revolution, its
 

successes, and some potential problems associated with its spread. New
 

varieties of rice and wheat form the vortex of the revolution. Agricul

turalists concentrated on improvements in the cereal grains because of their
 

importance in the diet of low income people. In less developed countries
 

approximately 60 percent of man's calories are derived from grains. For
 

thousands of years, and hundreds of generations man has been improving rice by
 

selecting seed from the most desirable parent plarts. Hundreds of indigenous
 

varieties were developed to meet local conditions. A typical rice variety
 

grows rapidly to keep its head above the water of the paddy. It has long 

drooping leaves to shade out competing weeds, and it is relatively resistant 

to local pests and diseases. When fertilizer is added, particularly nitrogen, 

thi rice plant grows taller and taller, eventually toppling from its own 

weight. The precious rice is lost in the mud of the paddy. This is called 

lodging. If a variety is moved very far from its home base, it does poorly; 

usually because it is sensitive to differences in day length which mark
 

latitudinal changes. What did plant breeders have in mind as they started
 

their quest for improved rice strains? They wanted to combine all of the
 

good characteristics of natural varieties with wide adaptability and the
 

capacity to respond to fertilizer. As a bonus it uould be desirable if it
 

had good cooking qualities and flavor, for not all rice cooks or tastes like
 

"Uncle Ben's.,
 

At the International Rice Research Institute in the Philippines, a large
 

bank of rice varieties collected throughout the world had been assembled.
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They were catalogued by characteristics, and place of origin. In 1962, an
 

American Plant breeder, Peter Jennings drew on the bank. lie placed the 

pollen of a tall Indonesian variety called Pr:;a on th5 pistil of a short stiff 

strewed variety from Taiwan. This short apecim-n carried the unusual name of 

Dee-Geo Woo Gen. Jennings planted he seeds frcm the cross, and multiplied
 

the seeds from the best looing plants which they produced. Hence the birth
 

of the much heralded IFR. In 1565, :R8 was entered in field trials in 

several Asian countries. It consistently outyielded other varieties often by
 

a factor of two or three.
 

Scientists had long kno:n that some rice varieties carried a mutant gena 

which resulted in a diarf plant. !R8 assumed tha short stiff straed charac

teristic of Lee-Geo Woo Gen, end most of Cha good features of its tall parent 

Peta. The secret of the new variety was its ability to utilize fertilizer for 

added grain production.
 

Figure h/3 illustrates the response of IR8 to various levels of nitrogen 

application as compared vith three other rice vrrieties. IR8 reached a maxi

m= yield of 8,450 lbs. per vcre with 107 lbs. of nitrogen added per acre. 

Taichun (N) /1l, a widely used variety, reached e maximum cf abeut 6,700 lbs. 

of rice per ecre vith en application rate of 80 lbs. of nitrogen. Peta, the 

tall parent of IR6, reached r maximum yield of ,5C0 lbs. per acre when 27 lbs. 

of nitrcgen were added. Vhen 107 lbs. of nitrogen is added to Peta, its yield 

falls to 2,320 lbs. per ecre. W;hile not illustrated in Figure 13, yield 

response data for several other varieties vas tested in the same experiment. 

Maximum yields for most varieties were obtained at nitrogen levels between 

27 and 55 lbs. per acre. 

As a result of severe lodging, yields of tell rice varieties decline at 

higher levels of fertilizer application. Studies by plant physialogists have 

definitely shown that lodging with resultant low yields are associated with 

a deficiency of carbohydrates in the stem of the rice plant. Plant breeders 

have found in IR8 a veriety with a carbohydrete-nitrogen metabolism which 

allows it to remain upright at high levels of fertilizer applicaticn. 

It is argued that the high yields o.f !R8 havw been obtained under systems 

of management which Pre not widely practiced in the Asian tropics. Seed beds 

have been carefully prepared, fertilizers have been applied, weeds have been
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controlled, and the crop-.have been protected from insects and pests. This
 

iS true, but what IR8 does provide is a variety 'ihich has the capacity to
 

take advantage of these improved practices. .]Zisting tall tropical varieties
 

are inherently incapable of high yields even when carefully tended.
 

A similar story should be told about wheat. Here, tl~e plant breeder
 

was Dr. Norman Borlaug, who wtas honored with a Nobel Peace Prize for his work.
 

The spread of the new varieties astonished agriculturalists. In 1965, less
 

than 500 acres of experimental grain plots were planted. It is estimated that
 

in 1972 over 52 million Ficres of the new varieties of whent and rice were
 

grown and in 1973 the total was approximately sixty million. What does this
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mean in terms of increased availability of food? This is difficult to quantify. 

If wa assume that the new varieties yield one ton per acre over the level
 

expected from native varieties, the contribiution isbetween fifty and sixty
 

This is a fifteen to eighteen percent increase in the food
million tons. 


Of the estimated seventy-six million
grain production of developing nations. 


people added to the population annually, nearly 70 percent live in the devel

oping nations. This means an additional fifty-three million mouths to feed
 

If each of these requires one pound of wheat
where the problem is most acute. 


or rice per day, then an added eleven million tons is required each year just
 

to hold constant the level of an already inadequate diet. Assuming these
 

very crude calculations are correct, the Green Revolution has clearly in

creased the per capita availability of food in third world countries. I feel 

confident that it has. Nineteen seventy-three is a poor year to talk about 

the impact of the Green Revolution. Present grain shortages are not, in my 

Judgment, an indictment of the Green Revolution. I ask you to ponder what 

would the situation in India have been if the Green Revolution had not pro

vided four million tons of storage grain against such contingencies as the 

present poor crop.
 

Problems of the Green Revolution:
 

The impact of the new package of food grain technologr has been a mixed
 

blessing. I would cite three difficulties or potential problems.
 

When there were thousands of indigenous varieties they served as a
 

barrier to halt the advance of a disease or pest epidemic. When thousands of 

contiguous acrAe are planted to the same variety, such a buffer is lacking,
 

arad the nation is vulnerable to a potrintial massive crop failure. This 

dilemma given plant breeders nightmares, and they are working to broaden the
 

base of new varieties.
 



The Green Revolution has created social unrest, notably in India and 

Pakistan. The landlord class who adopted the new seeds and the costly ferti

lizer, and initiated improvements in irrigation, understandably felt that the 

gains should accrue to them. Landless laborers and tenant farmers who saw 

the enormous increase in yields and the attendant wealth of their more 

fortunate neighbors demanded a share of the rindfall. The Green Revolution
 

may have fomented intra-class feuds, and eroded traditional ways of life.
 

This is a good example of what happens when technical change occurs Bo rapidly
 

that man is unable to evolve appropriate social change.
 

The new varieties may also have altered political alignments and the
 

pattern of international trade. In 1966-67 the United States exported more
 

than ten million tons of food grains to developing nations. Much of this
 

moved under the auspices of P.L. 480. For good or for evil, this gave u4.4.
 

considerable amount of influence in the third world nations. 
As they have
 

becomo increasingly self-sufficient in food grain production our influence has
 

waned. 
At the same time, the Soviet Union is turning outward for an increased
 

quantity of agricultural products. She is purchasing sugar, tea, cotton, jute
 

and a host of other products from the developing nations, thereby strengthening
 

her economic influence. In World War II the Soviet Union sustained severe
 

shortages of food. Her ports were embargoed, and the enemy had overrun the
 

rich fertile triargle. These deprivations contributed to an intense desire
 

to be self-sufficient in food. The Soviet Union also desired to prove to the
 

world that collectivized agriculture could be successful. The Soviet leaders
 

reasoned that to import food would be tantamount to admitting that collecti
 

vized farming was less than fully successful. In a herculean effort, she did
 

become self-sufficient in nearly all foods for over two decades. 
 It would 

appear that the Soviet position has changed. Confident in their military 
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might,the SoViets fesobned thatt there would.be little. rik -otentertg he
 

world food market. Also, she has demonstrated to.thde iorld tiathe dtate &td
 

collective farms were viable These factors, in conjunction with several 


political events, caused her to enter the world food market. She imports
 

sugar from Cuba, cotton from Egypt and Iran, and tea from Ceylon. More re

cently she has purchased wheat from Canada, Australia and Argentina. The
 

Soviets have also apprently bent to consumer pressures, and begun to satisfy
 

mounting consumer demands for light industrial goods and an improved diet.
 

The Soviet Union has vast timber and mineral resources which she can profitably
 

exchange for the industrial and agricultural output of the LDCs. As the Green
 

Revolution proceeds, it is possible that trade and diplomatic relationships
 

between the Soviet Union and many developing nations may solidify while, those
 

between the United States and several LDCs may weaken. We then see another
 

interesting and potentially important change engendered by the Green Revolution.
 

It is ny opinion that the net impact of the Green Revolution is over-.
 

whelmingly favorable to the LDCs. It has bought an all important cushion of
 

time in which we can tackle the central issue -- uncontrolled population
 

growth.
 

Conclusions
 

We have explored the precarious food situation in the developing nations.
 

Production of food per person in these poor nations has increased only slightly
 

over the past decade, and the quality of their diet has probably not improved.
 

It is projected that despite the Green Revolution the developing nations will
 

have a considerable gap between domestic production and required consumption
 

in 1980. The grain imports of developing nations will have to double over the
 

next decade if even modest increases in consumption are to be realized. It is
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most probable that they iill not be able to import this magnitude of grain 

unless the developed nations are willing to provide it at concessional prices. 

Projections indicate that the grains will be available if the wealthy nations 

are willing to release them. Sharp year-to-year fluctuations in the production 

of grain within the LDCs due to weather, will make it necessary for developed 

nations to hold surplus grain stocks and have flexible agricultural programs# 

The future food outlook in the developing nations is admittedly somber. 

One factor may be worthy of note: There seems to be a growing appreciation 

that improved farming practices can be as prestigous as steel mills. Leaders 

no longer view agriculture as an economic backwzater. They are setting into 

motion programs which recognize the role which agriculture must play in 

achieving higher levels of living and improved diets. 




