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Foreword 
Robert C. Seamans, Jr. 

Hunger is the pers is tent enemy of mankind. The O ld 
Tes t ament chron ic les a success ion of terrib le famines . 
Every generat ion in  the c it ie s  of anc ient and med ieva l 
Europe suffered s evere food shortages. Into the 20th 
century , wars , p lagues , and such natura l d isasters as 
drought s ,  earthquakes , and f loods have resulted in 
mi l l ions of deaths from s tarvat ion and ma lnut r it ion. 

After Wor ld War II , however , it seemed at las t that 
man was w inn ing the age -old bat t le aga ins t hunger .  From 
1954 t o  1972 , wor ld food product ion surged by 69 percent , 
exceed ing by far the growth in populat ion . As more land 
was opened to intens ive farming , w ith the introduc t ion of 
such crop -improvement  techniques as  h igh -yie ld ing ''mirac le" 
var iet ies  of grain , heavy doses of chemic a l  fert i l izers , 
irr igat ion , mechan izat ion , and ski l led management , it 
appeared that the nightmares of famine and chronic ma l 
nut r it ion could be avoided . 

Opt imism , then , was t he keynot e  in 1970 when the 
Nat iona l Academy of Eng ineering c onduc ted its S ixth Annua l 
Mee t ing on ''rhe Food -Peop le Ba lanc e" and c onc luded that 
equ i l ibr ium cou ld be ach ieved through t echno log ic a l  inno 
vat ion and res ource cons ervat ion in c omb inat ion with 
popu lat ion c ontro l. In a foreword to  the pub lished pro 
c eed ings of that sympos ium, Richard D. DeLaue r observed 
that ach ieving the food -peop le ba lance f irs t requires 

v i i  
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unde rs t and ing of the t ot a l  sys t em - -ecolog ica l , s oc io log ic a l , 
b io log ica l ,  f inanc ial , cu ltura l , and po l it ic a l ,  as we ll as 
techno log ic a l . 

By the ttme the Comm ittee on Pub l ic Engineering Pol icy 
{COPEP) he ld i t s  s em inar in 1974, des ignated by the Un ited 

Nations as "Wo r ld Popu lat ion Year , " events had s o  a ltered 
the balance - -w ith food in short supp ly , energy enormous ly 
expens ive , and popu lat ions expand ing ne ar ly everywhere -
that the p l ight of some one -fourth of t he wor ld 's people  
was  des perat e . In the c ourse of on ly two years , poor 
harves t s  had reduced wor ld food res erves to a 22 -year low. 

Not surpr i s ing ly , at the Wor ld Food Conference held 
in November 1974 in Rome by the Uni t ed Nat ions, many 
voices  c a l led for s t epping up humanitar ian re l ief ac t iv i
t ie s  and ra is ing yields through approaches l ike the Green 
Revo lut ion . The t roub le is t hat , except for meet ing emer
ge nc ies , re lief  mis s ions can neve r s olve t he wor ld 's food 
prob lems and t hat agr ic u l t ura l s t rategies based  on new 
s eeds , irr igat ion, fert il izers, machines ,  fue ls , and ware
hous es invo lve large cap it al out lays and cr it ical c ult ura l 
dynamic s .  

Many eng ineers only d imly perce ive the opport un it ies 
and l imit at ions for feed ing a hungry, crowded wor ld . Th is 
is why COPEP undertook t he s em inar in the f irs t place - -t o  
create a greater awarene s s  of t h e  tec hno log ic al opt ions 
for coming to gr ips w ith t h is important issue . The par
t ic ipant s rec ognized the vital inte rconnect ion between 
farm produc t ion and soc ial organ iza t i on, between  res ource 
requirement s and trade ba lance s, between the rat ional use 
of the ec osys t em and the we llbe ing of al l peop le . 

What they advocate, it turns out, is a c oord inated 
s t rategy of act ions for ach iev ing wor ldw ide food secur ity . 
Unt i l  s uch ac t ions - -spec if ic a lly requ iring mas s ive infu
s ions of s c ient ific and technological knowhow - -are adopted 
and prac t iced , muc h of the Eart h 's popu lat ion w i l l  be 
l iving on borrowed t ime . 

v i ii 
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Introduction 
Edward Wenk Jr. 

The purpose of this re port is to br ing to  a w ider 
aud ience the is s ues  covered in a seminar of the Comm ittee 
on Pub l ic Eng ineer ing Po l icy (COPEP) of t he As s emb ly of 
Eng ineering . The s eminar was att ended by the Comm ittee 
members and a sma l l  group of  expert s .  They d iscus s ed 
ways in wh ich eng ineer ing res ources and techn iques  cou ld 
be app l ied to improve food produc t ion , proces s ing , s t orage , 
and d is t r ibut ion . The one -day s em inar was he ld on Ju ly 
10, 1974, at the Nat iona l Academy of Sc iences bui ld ing in 
Washingt on , D . C . 

A c omb inat ion o f  unfort unate c ircums tances - -bad 
weather, poor harvests,  shar p ly r is ing pr ices  for energy 
and fe rt i l izer - -prec ipitated a wor ld food c r is is in the 
las t two years . Hardes t  hit were the people in the poor 
e s t  and s ome of the mos t popu lous Third Wor ld c ount r ie s. 
Because of  large gra in purchas es by the Soviet Un ion and 
an ear l ier U . S .  po l icy to reduce its agr ic u ltura l s ur
p luses  to  manageab le leve ls, food s upp l ies  in t he wor ld 
marke t became ins uffic ient and t oo cos t ly for t he needy 
countr ies. 

Looking beyond the need for short -term re l ie f  for the 
hungry , it is c lear that Third Wor ld countr ies mus t b u i ld 
a better marg in of food secur ity . They mus t inc reas e 
the ir agr ic u ltura l  produc t ion and poten t ia l  t o  be better  
pre pared to feed the ir people . How can t hey do  this  
quick ly? What res ources ,  ski l ls , and c ooperat ive meas ures 
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w i l l  it require ? Thes e were s ome of t he que s t ions raised 
in t his seminar . 

The d is cus s ion of s o lut ions ranged from ra is ing crop 
yie lds t hrough better  agr ic u l t ura l and irr igation prac 
t ices, to improv ing foo d tec hnology ,  and bui ld ing more 
e ff ic ient trans port and management sys tems for the de l iv 
e ry  o f  input s t o  farmers and food t o  market. I t  became 
c lear that eng ineers have a c ontr ibut ion to make and that 
opportun it ies for engineer ing innovat ion and ta lent are 
manifo ld. Some of  the s e  oppor t un it ies l ie in d iscover ing 
new agr ic u ltura l prac t ices and t echniques, in de l iver ing 
necess ary quant it ies of vit a l  input s to farmers on t ime, 
in des igning s t orage and trans port sys tems to hand le 
increased out put, in enr ich ing and preserv ing food , in 
deve lop ing new foods , and in packaging and market ing food 
produc ts. At the s ame t ime , the demand s ide of the food 
prob lem - - increased appet ites res u l t ing from h igh growth 
rates in both a f f luence and popu lat ion - -need attent ion 
and cons iderat ion. The ideas and s o lut ions we exp lored 
were by no means exhaus t ive. We hope that th is re port 
w i l l  s t imu late add it iona l thought on how var ious ski l ls 
and approaches can be app l ied tQ increas e food produc t ion 
and as s ure its  distr ibut ion t o  those mos t in need. 

Senator Humphrey opened the d iscus s ion by ca l l ing 
attent ion t o  the pub l ic po l icy aspects of food produc t ion 
and trade. He urged us to seek a be tter  de f in it ion of  
the l imits of t he ecosys tem in order to  he lp determine 
how and whe re to make the best  us e of t he wor ld ' s  natural 
res ources . He s ugge s ted that wh i le cont inuing t he search 
for new energy s ources, we look for new ways t o  produc e 
food with les s ene rgy in the deve loped c oun t r ie s  as we l l  
as in the deve loping .• For the Un ited States , which sup 
p l ies  60 percent of t he internat iona l t rade in feed grains , 
Senat or Humphrey proposed two key measures: a c oherent 
nat iona l food p o l icy that inc ludes  bui ld ing food res e rves 
and in it iat ing a wor ldw ide informat ion and data network 
on crop produc t ion and reserves --both promis ing safeguards 
in a food secur ity system. 

F o l lowing th is, John Me l lor as s e s sed the potent ia l 
for agr ic u ltura l growth in deve loping c ountr ie s  t hrough 
the appropr iate  app l icat ion of re search and techno logy . 
Part icu lar cond it ions of  s o i l  and c l ima te in d i f fe rent 
c ountr ies, he observed , demand s pec ia l methods of c u lt i 
vat ion , s t ra ins o f  s eeds , and othe r s pec i f ic input s and 
prac t ices. Moreover, the abundance or scarc ity of labor 
and capita l w i l l  often determine the methods, the 
mac h inery , and the markets.  The organ izat ional and ins t i 
tut iona l ne twork required t o  s upport a l l  th is  needs to 
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be created where none now exis ts and s t rengthened where 
i t  does. 

Prac t ic a l  les s ons based on t he expe r ience of United 
S tates agr ic u ltura l research and extens ion services cou ld 
bene f it the deve loping countr ies, s a id Profe s s or Me l lor . 
He favored greater integrat ion of reg iona l and nat iona l 
food research int o an internat iona l sys tem as a s ign if i 
c a n t  way f o r  d is s eminat ing know ledge about more e f f ic ient 
techn iques to increas e out put and for encourag ing nat ions 
to  adopt s uch pract ices . 

Care mus t be taken, Don Paar lberg observed, to  con 
s ider loc a l  c us t oms and infras truc t ures . I n  deve loping 
new foods , des ign ing new mac h ines , and int roduc ing new 
techno logies , the e fforts  o f  sc ient ists  and eng ineers mus t 
be "soc ia l ly acceptable . "  New me thods o f  food process ing, 
s t orage , trans port , hand l ing , and marke t ing bulk quant i 
t ies  have res u lted i n  s ubs tant ial  s avings in deve loped 
c ountr ies. However ,  the int roduc t ion of s imi lar techno lo 
g ies in deve loping countr ies frequent ly requ ires bet t er 
warehous ing , roads, and mach inery , for a s tart , be fore 
s ignificant bene f its  can be rea l ized. Dr . Paar lberg urged 
engineers to accept t he cha l lenge of improv ing the food 
sys tem of the  Th ird World and des ign ing s o lut ions appr o 
pr iate to the ir part ic u lar economic and s oc ia l c ond it ions . 

As part of  t h is e f fort, Char les Denn is on pointed out , 
engineer ing know -how is c r it ica l in overcoming the pre s ent 
wor ld short age of  fert i l izers . He s e lected the fert i lizer 
prob lem as an examp le of the way that techno logy could 
increase c rop y ie lds and, at t he s ame t ime, c ontr ibute to  
mak ing deve lop ing count ries s e lf -s uffic ient . Bu i ld ing 
fert i l izer p lant s in developing areas , he pointed out , 
would strengthen the loc a l  indus t r i a l  infrastruc t ure , 
c reate jobs , s t imu late ma rket ing and d is t r ibut ion chan
ne ls , and improve fore ign trade ba lances . 

The presentat ions by Char les Carg i lle and Pe ter Cott 
are inc luded as s pec ia l  advocacy pos itions on t he s ubjec t .  

The array of  i s s ues explored at the s eminar conf irmed 
COPEP ' s  expec tat ion that sys t ems e ng ineer ing input s ar e 
impor tant in attacking the age -old prob lem of world hunger. 
COPEP , for it s part , is pre pared t o  apply the prob lem 
s o lv ing capab i l it ie s  of  engineers t o  se lected is s ues. 
Unt i l  June 30, 1974, jus t 10 days be fore the s eminar , 
COPEP was part o f  t he Nat iona l Academy of Eng ineer ing, 
and s ince then it is a c ons t it uent of t he Ass emb ly of 
Engineer ing , Nat iona l Research Counc i l. It is ab le, 
the refore , to c a l l upon a c ommunity of d is t inguished 
e ng ineers , as we l l  as other c once rned sc ient is ts  and 
experts, to mee t  this  c r it ica l cha l lenge . 
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On beha l f  of the Committee , I want t o  thank the 
s peakers and gue s t s  at t he seminar for the ir va luab le 
cont r ibut ions. COPEP staff, par t icu lar ly Barry Barr ington 
and Micah H .  Nafta l in ,  who organ ized the sem inar , and 
Pushpa Nand Schwart z  who pre pared this  doc ument, are 
commended for the ir f ine e f forts. 
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A National Food Policy -
Why We Need One 
U.S. Senator Hubert H. Humphrey 

I t  is fortunate that the National Academy of 
Engineering is addressing this very important problem-
one we all ought to have been working on years and years 
ago . 

Our government today is without a national food 
policy . We have been operating within what we call free 
market forces , regardless of what these market forces may 
do to the population , to hunger , to satisfying human 
needs. We have tended to ignore the basic needs of mil
lions of people on this plane t .  I do not believe that 
this policy can be pursued for long . 

It is no problem at all for this government to 
support massive programs of military aid and justify them 
in the name of national security ,  but we quibble over 
whether we can afford a billion dollars a year to provide 
the needed supplies for an international food program . 
We fail to understand that there is no security in hunger 
and want , and there is no security for a country that has 
no national food policy . 

We depend on good luck most of the time . A massive 
crop failure in the United S tates is highly unrealistic-
that is , on a total basis--but we can have sharp drops in 
production in cer tain years . If  we should have this 
happen now in the absence of  food reserves , we will face 
serious conditions . 

We have not really planned a policy for food , a 
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policy that includes basic nutrition , adequate supplies , 
incentives for producers , reasonable systems of distri
bution, processing , and s torage .  These elements are all 
interrelated . There is no use talking about increased 
production if we cannot move i t  to market , or about pro
duction and opening up millions of additional acres i f  
farmers cannot get the needed finance . American farmers 
today cannot afford addi tional production at prime 
interest rates of 12 percent . 

We have ignored most  o f  the basic inputs that go 
into making possible a national food policy . Our rural 
transportation system is outmoded and inadequate. The 
railroads have one way of solving their problems--that is 
to quit railroading . We built interstate highway systems 
for huge trucks , but we forgot to build the feeder roads 
for the 10-ton trucks . In my par t  of the country we now 
have 8-ton and 10- ton dairy trucks . That is the only way 
that the dairy cooperatives can keep in business , and 
make any money , because transportation is part of the 
production cost. Unfortunately , we use mainly 4-t on 
roads. In certain par ts of  Wright County , Minnesota , i t  
takes miles of circui tous travel to find the right kind 
of concrete and blacktop highways to handle the big 
trucks . 

Most people planning these things in Washington are 
urbanized specialists who have forgot ten their heritage 
and do not know what is happening in rural America . We 
constantly hear about the urban problem. The o ther side 
of the coin is the real problem: rural decay and rural 
obsolescence . These are the major contributing factors 
to the urban problem of today. The answer is to modern
i ze rural America in terms of all the technology 
available in a modern society. 

A national food policy is not possible without 
considering international implications--the impact of our 
food policy on o ther people and countries. We now have 
to think about commodities in international terms , and 
this applies also to transportation and other aspects of 
food production . 

At present there are only four food reserve 
countries in the world: the Uni ted States , Canada , 
Australia , and New Zealand. Eastern Europe is a food 
deficit area , as are Western Europe , Latin America , and , 
of course , Asia . We have in our hands , in the Anglo
Saxon world , the greatest single source of power--namely , 
food . I t  is more important than oil because people can 
get by wi thout oil , at  leas t in par t , but they must have 
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food to s tay alive . The major food reserve and producing 
countries must have a concerted , coordinated policy and 
not work a t  odds with each o ther . I t  is very important 
that we set . the world an. example on trading, and on the 
social , poli tical patterns in the use o f  food . 

It is only in the last two years that the media, 
which is the great educational arm of the American people , 
has at las t begun to acquaint the public with some of  the 
dimensions of  world food and population problems . Many 
citi zens are raising their voices , and i t  is out of this 
concern that new ideas come forth and that  national policy 
is made . 

WHAT CAN NAE DO? 

How does this Academy fit into some of  these con
cerns ? You can offer your judgments , particularly on a 
number of technical questions which relate to the whole 
cluster of issues in the food area . Two related problems 
need be considered .  

1. Define Ecological Limits 

What are the present limi ts of our ecological system 
in terms of supporting a population constantly expanding 
in size and in the scope of its demands? We have seen 
the impact of affluence on food supply jus t  in the las t  
four o r  five years , even though there were some bad 
weather condi tions and poor crop yields . The people of  
both Western and Eastern Europe began to want more animal 
protein . They wanted to get away from just eating grains 
and to add dairy , poultry ,  and animal products to their 
daily diets . 

Interestingly enough , even in the communist
socialist societies , public opinion has forced central 
governments to make decisions to feed people increasingly 
bet ter rather than cut back consumption levels . This is 
one of the mos t  significant political developments of our 
times, for never before. have these governments bowed to 
domestic public opinion. When Mr. Brezhnev promised the 
Communist Par ty Congress his new program of more consumer 
goods and food supplies , he had to keep his word . This 
also happened in Poland after Mr. Gomulka was ousted . 
Everywhere food production and market outlook depend today 
upon political decisions . Even our market conditions are 
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heavily influenced by decisions in the controlled 
economies . 

2. Expand the Limits 

Can the limits of the ecological sys tem be expanded? 
What s teps should we take to expand these limits ? These 
questions put the problem in a universal perspective-
the interdependence of our world socie ty and our role in 
it . In looking for the answers we cannot ignore other 
people in the world .  

I am reminded here of the words of Adlai S tevenson : 
"We travel toge ther , passengers on board a small space 
ship ,  dependent upon its vulnerable reserves of air and 
soil , all committed for our safety to its security and 
peace; preserved from annihilation only by the care , the 
work, and, I will say the love we give our fragile craf t . 
We cannot maintain it ,  half- fortunate ,  half-miserable , 
half-despairing, half-slave--to the ancient enemies of 
man--half-free in this day .  No craft , no crew can travel 
safely with such vast contradictions . On their resolution 
depends the survival of all . " 

While teaching at the University of  Minnesota and 
Macalester College , I used the perilous Apollo 13 exper
ience as a way of describing the interrelationship between 
people and the di f fe rent sources o f  supply in the world . 
You may recall that there were three men aboard the space
craft. Had there been five , they would have perished 
because their system did not have sufficient food , oxygen, 
or water , to support five . I also pointed out to the 
young s tudent group the importance of  experience from down 
on the ground . Veteran astronauts on the ground shared 
their experience with those in space who were learning 
while in danger. 

The space program has taught us as much about the 
relationship between resource supply and people demand , 
or , to  put it  in the t erminology of this discussion, 
between food and population,  because we created , in real
ity, little worlds inside these space capsules .  Just so 
much supply was there , and it  could only take care of just 
so many people . Some s tretching is perhaps possible , as 
was done during the emergency in Apollo 13. 

My firs t question concerning the limi tations of our 
sys tem is a relatively new one for all of us . Malthus 
tried to bring it  to our attention years ago , but we 
ignored him and only recently has he become popular . 
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Until recently we assumed an unending supply of minerals, 
petroleum, soil, and water. Americans now are becoming 
aware of the limited supply of petroleum and the future 
scarcity of many important minerals. 

Engineers can play a very critical role in answering 
my second question about stretching the present limits of 
our resources. Are we using what we have for maximum 
benefit and are we doing it in a way that does not destroy 
the resource? One of the most important areas of concern 
in food production is energy supply. Energy is critical 
to producing fertilizer and powering machinery. We must 
find new sources of energy to enable the developing 
countries to increase their food production. 

Our agricultural methods require great amounts of 
energy and are not always appropriate for the developing 
countries. We must find ways to produce food with less 
energy for ourselves and also for the developing countries. 
We have operated too long on the assumption of an unlimited 
supply of cheap energy. 

Another area where engineers can play an important 
role is to improve soil and water management, nationally 
and internationally. This is a vital concern to countries 
such as India and Pakistan that need to increase output 
from dry land farming and existing irrigation systems. 
Improved management of soil and water resources could lead 
to a several-fold increase in the food output of these 
countries. The United States alone cannot feed the world. 
But we can help others feed themselves. We can help them 
by providing assistance to improve their technology. But 
they must make a strong effort to increase their own agri
cultural production. 

Engineers can make other important contributions 
too--from developing improved techniques of food process
ing to designing new approaches to food storage and 
planning new and better methods of transportation. If we 
are creative, we can stretch the benefits of our resources. 
For example, research must continue for developing new 
seed varieties. We have had breakthroughs in corn pro
duction, but our soybean productivity has changed very 
little in 25 years. Soybeans fix their own fertilizer 
and it is a wonderful crop. I have already proposed a 
U. S. -Sino soybean research project. This is one way to 
secure a breakthrough in soybean production. 
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BUILDING FOOD SUPPLY AND RESERVES 

Some people have noted that most of the world's best 
land is now in production. In the last two years the 
United States has returned most of its usable land to 
production. That was the basic reserve we had. Even 
though we had reserve supplies in granaries, our biggest 
reserve was this usable land. We have returned about 65 
million acres to production. We have a little available 
beyond that, but it is not very productive land. In 
addition, water supplies are severely limited. 

The late Robert Kerr, when he was chairman of the 
Senate Public Works Committee, did a study on the water 
supply situation. We have paid no attention to it at all, 
just as we paid no attention to a study in the 50s on 
energy supply. We are intellectual squirrels. We accu
mulate these reports and we file them away. Little is 
done to translate the findings into public policy. I was 
always amazed that so little was done about the White 
House Conferences that were held while I served as Vice
President. I tried to get action in Congress, to create 
an ad hoc committee to follow-up the recommendations of 
these conferences. Nobody wanted to pay any attention to 
that. We conducted the studies, and people who parti
cipated were excited about what they were doing. We had 
a week's publicity and printed a lot of copies that nobody 
used . This has been basically true of issues of land use, 
water supply, and mineral resources. 

We have depleted another important resource which 
Americans have taken for granted for many years--i. e. , 
ample food reserves, which have meant plentiful supplies 
of food at very low prices for a long period of time. 
These reserves of food gave the international community 
some degree of security and, from an economic point of 
view, some degree of stability. We need to remember that 
in most countries of the world the major cost item for a 
family is food, not a night club, country club, or an 
automobile, not even a home, but food. 

It will be difficult to rebuild reserves in face of 
a growing population and sharply increased demand from 
developed and developing countries. Fortunately, however, 
food reserves, as contrasted with the nonrenewable minerals, 
can be rebuilt if we plan properly and have the will. 

There is a big argument going on in this government 
about food reserves. I am on one side of it and a lot 
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o f  other peop le are on the other s ide. I hear people say 
that we cannot build a food reserve program w ithout de 
press ing the marke t . I d i sagree. I have never unders t ood 
why we demand t hat the Federa l Reserve Sys tem have res erve 
requ irement s for our monetary sys tem, wh i le we ignore 
re serves for our food sys t em .  How can we ask other nat ions 
to bu i ld food res erves and leave the matter to  the food 
t rad ing companies ? Why shou ld they ma int ain a food reserve 
sys t em to prov ide s ome degree of price s tab i l ity? 

I be l ieve we need a nat iona l agr icultura l po l icy that 
re late s not on ly to domes t ic consumpt ion and commerc ia l 
exports, but a ls o  to internat ional  human itar ian needs. We 
ought to  p lan for it and f igure humanitar ian needs into  
our crop project ions. The gove rnment ought to  set  as ide 
a certa in amount every year jus t as ind iv idua ls set  a 
certa in amount away to  buy bonds. 

The Un ited States recent ly d iscovered that it  was a 
l it t le short of p lutonium ,  but that d id not s top the 
Atomic Energy Commis s ion and the De partment of Defense 
from want ing to  upgrade nuc lear weapons. The re was never 
a word of object ion that we were s hort of p luton ium and 
we ought t o  cut back on weapons. I unders tand s omething 
about the wor ld in wh ich we l ive and the need for wea pons. 
But when we get to other crit ic a l  areas, s uch as food, we 
s ay we cannot es tab l ish  eve n a mode s t  program because we 
are a l itt le s hort. 

To obt ain suffic ie nt food for res erves, we mus t have 
an incent ive sys tem for the Ame rican farmer so that he w i l l  
fee l s ecure i n  produc ing abundance . He has been burned 
in the pas t by excess ive supp l ie s . Some way mus t be de 
v is ed to s e a l  of f reserves from the marke t . The re mus t 
a ls o  be w i l l ingne s s  to share the r isk with  the farme r. 
To a l low a reas onab le return, we mus t have some bas ic 
f loor that farm pr ices do not fa l l  be low. 

We fac e d ifficult choices on the is sue of l imited 
res ources in the face of increas ing demands. We face a 
great moral  c ho ice this  fa l l: Wil l we us e scarce energy 
to produce food or to power our aut omob i les? Are we 
prepared to cut back s omewhat on ava i lab le s upp l ies of 
food for ourse lves so t hat other  peop le may surv ive? I f  
the American peop le were rea l ly asked the s e  que s t ions, 
they wou ld res pond affirmat ive ly. They wou ld say that we 
ought to share. We d id it before under t he Food for Peace 
Program, and the Amer ican people s t i l l  s upport inte rna 
t iona l food ass is tanc e. 

Many peop le are pes s imis t ic about the future , but I 
am not without hope . We are not go ing to be the v ic t ims 
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necessarily of an international crash or crisis, because 
of the relationships of food and population. Engineers 
can play an important role in resolving this present crisis. 

THE NEED FOR NATIONAL PLANNING 

We are our own worst enemy because of our failure to 
look ahead and plan. We are the only industrialized 
country in the world with absolutely no national planning 
at the governmental level. A country with a national bud
get of more than $300 billion a year can hardly afford not 
to plan for the future. What our government does in the 
money markets and how we spend our money is critical. The 
Office of Management and Budget is not a planning office; 
it is a bookkeeping office. It has no sense of vision, 
and it is not equipped for long-�ange planning. 

We must have a program of national planning for devel
opment and growth. This also fits into the most important 
issue of planning our food production and its distribution 
and use. If the Department of Agriculture has a three, 
five, seven, or ten year projection, it is one of the best 
kept secrets in the world. Only two agencies in the gov
ernment have any plans and they get the money: the 
Defense Department and the Highway Administration. When I 
was Vice-President, I saw the Pentagon people come in with 
those long lead time items and their long-term plans. The 
Highway Trust Fund and the Highway Administration have long
term plans and they know how to use the money. But there 
are no plans for health, education, or food. 

FOOD INFORMATION SYSTEM 

I would hope that engineers will respond to the 
challenge of developing an improved food information sys
tem. With the threat of scarcity before us, we will need 
the best possible and most timely information on the 
world's food supply and demand. I am confident that if we 
had had more timely information about the Soviet food 
situation, we would have handled the wheat purchases dif
ferently. The information that we were getting was 
reaching the Department of Agriculture two or three weeks 
late, because there did not seem to be any hurry or any 
great need. We must have a better system than that. On 
two occasions during the time that Orville Freeman was 
Secretary of Agriculture, he called on American farmers to 
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produce more and they did. But, then we ended up with a 
huge market surplus because the Russians decided not to 
buy some of our increased production. 

When we had ample reserves, we could be casual about 
crop and food information. But with world food reserves 
down to between three and four weeks, we do not have that 
luxury. The World Food Conference undoubtedly will direct 
itself to this problem. I am pleased that our government 
is taking an active role in the World Food Conference. We 
must, in fact, play a major role. 

This concern over sharing information is why I 
recently urged President Nixon to take up the subject with 
the Soviet leaders during his trip to Moscow. I know we 
signed an agreement with them, but I want to be sure that 
it is being implemented properly. It is hardly unfair 
to ask the Soviet Union to warn us if they expect a poor 
harvest and plan to buy heavily on the world market. We 
have a right to know. I would suggest giving priority in 
our exports to long-time reliable customers. That should 
encourage other countries that they too should show some 
reliability and share food information with us. 

LONG-TERM APPROACH 

In the long run we need to bring population increase 
in line with food and other resources. We can hardly ex
pect parents in developing countries to accept Western 
notions of family planning when surviving sons represent 
the only available form of social security. We have to 
look at the population problem in developing countries as 
an economic development problem. It is somewhat like the 
early days of the American frontier when large families 
were a needed source of labor. We need to emphasize the 
total development for these countries in whatever area 
we work, whether it is through the World Bank or Asian 
Development Bank or through our own foreign assistance 
programs. We must shift from building cement or steel 
plants as the first item of business and do what needs to 
be done first--i. e. , develop the essentials of an economy 
--food, employment, health care, housing and education. 

We have tried to emphasize this in the new Foreign 
Assistance Program, but it is hard to get people to do 
things to which they are not accustomed. When these basic 
conditions are established, population growth will begin 
to decline, as it has in other countries. We cannot expect 
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success or an appreciable impact on the population with 
the new contraceptive devices in developing countries where 
there are high rates of illiteracy and inadequate medical 
and professional personnel. In countries where manpower 
or childpower is critical to economic survival, I doubt 
that we can do much about population growth until we have 
total development. 

We must not expect miracles or shortcuts. My sug
gestions are modest proposals that you can and should be 
interested in tackling. Beyond your professional inter
ests, you are, above all, citizens with the accompanying 
rights and responsibilities. We, Americans, have begun 
to realize that a chaotic world with one-half affluent 
and well fed will not long survive while the other half 
faces starvation and malnutrition. I hope we are begin
ning to realize this, but I worry that we are beginning 
to turn our back on it. Whether we call it isolationism 
or selfishness or self-protection, our interests have 
changed a great deal in the last 10 or 15 years. We have 
expected too much to be done in too short a time. We 
built up people's hopes and dreams beyond what was 
realizable or achievable. This turns people off. That 
is why planning both domestically and internationally is 
so vital--to place goals within a time-frame, to allocate 
resources, and to set achievable goals and benchmarks so 
that people know what has yet to be achieved. 
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Technology to Increase 
Food Supply 
John W. Mellor 

Growth strategies of the last two decades have done 
little to increase employment and participation of the 
poor. However, when increased employment and participa
tion of the poor in growth is achieved, it greatly 
increases pressure on food resources. As the poor gain 
employment and higher incomes, they spend a high propor
tion of additional income on foodgrains and other 
agricultural commodities. In India, the lowest two decile 
income groups spend about 60 percent of added income on 
foodgrains and 85 percent on agricultural commodities in 
total. In contrast, the income group in the top 5 percent 
spends only 2 percent of income increments on foodgrains. 
Efforts to include the poor in growth may be quickly 
stifled unless there is a rapid increase in food produc
tion. Without commensurate increases in supply, rising 
demand for food will raise food prices and thereby directly 
reduce incomes of the poor, and it will mobilize the polit
ically potent urban middle classes to take measures to 
reduce those inflationary pressures--measures that will be 
effective only if they reduce income and employment of the 
poor. 
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TECHNICAL CHANGE TO INCREASE AGRICULTURAL YIELDS 

In the classical view, agriculture, dependent on a 
limited land area, encounters rapidly diminishing returns 
with additional production inputs, including labor and 
even fertilizer. The consequent increasing costs of pro
duction necessitate higher agricultural prices to provide 
incentives for increased production. But higher prices 
discourage labor-intensive production and economic growth. 
The economist Ricardo, in the early 19th century, recog
nized these forces as retardants to industrial growth and 
advocated food imports from the New World to relieve 
Britain's problem of limited land. The "new world" of the 
20th century is technological change that increases yield 
per acre. New technologies of the Green Revolution break 
the diminishing returns bottleneck by developing new 
plants that produce much greater yields by using vastly 
greater quantities of inputs, such as labor and fertilizer. 

To overcome the diminishing returns of traditional 
agriculture and to support employment-oriented growth 
strategies, science and technology have a key role in 
agriculture. To play this role, complex science and tech
nology systems must be built. 

SCIENCE AND TECHNOLOGY SYSTEMS FOR AGRICULTURE 

Three key characteristics of agriculture influence 
the nature of an optimal science and technology system. 

First, agriculture is comprised of myriad small-scale 
units. The individual farm cannot economically support 
or justify a large-scale science and technology system. 
An effective system usually requires a large-scale private 
sector (which either does not exist in low-income countries 
or lacks means to pay for science and technology services) 
or a public sector system of science and technology to aid 
small farmers. Most countries, including the United States, 
have developed large public sector research systems to 
service agriculture. Without such systems to reduce pro
duction costs, agriculture remains inefficient or is 
forced to organize in large units to the detriment of 
employment. 

Second, agriculture varies greatly under different 
conditions of production--i. e. , physical, economic and 
cultural--so that the transferability of research results 
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from high-income to low-income countries is greatly 
limited. Also, an intricate system of research stations 
is required to service a wide range of conditions within 
low-income countries. Wheat production has increased much 
more than rice under the Green Revolution. This is due 
substantially to the markedly greater heterogeneity of 
production conditions for rice in Asia, and the rice 
research system's inadequacy to fill this larger and more 
complex requirement. 

The close relationship between rural development pro
grams and income distribution means that areas which do 
not have vigorous science and technology based rural de
velopment will remain or become areas of intense and 
entrenched poverty. 

Third, because of its size, dominance as an employer, 
and potential for intensification through technological 
change, agriculture itself must provide a major portion 
of future employment growth in low-income countries. 
Technological change must be tailored to this employment 
need. Because of the larger labor force in low-income 
nations, the research effort may need to be directed, 
staffed, and organized differently to meet employment 
needs. 

THE TECHNOLOGICAL NEEDS 

The Biological Sciences 

The potential for improving agriculture is immense 
and varied. It includes plant breeding to develop 
appropriate new varieties with greater yield, shorter 
growing-seasons, and more resistance to disease and pests. 
With increasing concern over the environmental effects of 
chemical pesticides and their very high cost in the humid 
tropics, pressure mounts to find biological means of pest 
control. The peculiarities of tropical soils and the 
long concentration of soil research in temperate latitudes 
now calls for a wide-ranging agronomic research effort. 

Under appropriate conditions, new high-yielding 
varieties produce double or triple the normal yield. 
Manipulation of crop-growing season lengths has enabled 
double and triple cropping. Where the right technologies 
are combined under favorable conditions of sunlight, tem
peratures, water control, and fertility, vast production 
increases--even as much as four-to six-fold--are possible. 
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Bangladesh, which suffers intense population pressure, has 
half the population per cultivated hectare as Taiwan, and 
yet Taiwan supports a much higher per capita food con
sumption and income from agriculture. The difference lies 
largely in the adaptation of science and technology to the 
respective conditions. 

The Mechanical Sciences 

Biological breakthroughs create a demand for sharply 
increased research in the mechanical sciences. Increased 
marketable outputs and inputs such as fertilizer to 
farmers need to be transported. They require improved 
roads, and rural development being a nationwide process, 
the road requirements are massive. New ways to reduce 
building costs, improving low-load capacity roads, and 
doing both efficiently, must be found. Similarly, in
creasing demand for rural electrification creates demand 
for low-cost transmission. As food storage requirements 
rise, particularly in rural areas, the scope for devising 
low-cost, efficient, small-scale storage increases. 

The yield increases from new seed varieties in
crease labor requirements for harvesting and threshing, 
and justify more intensive weeding, seed bed preparation, 
and insect control--all likely to produce seasonal labo.r 
bottlenecks, even in regions of large total labor surplus. 
New seed varieties increase the returns to water and 
justify new irrigation systems. Change to double and 
triple cropping greatly exacerbates these tendencies to 
create labor bottlenecks. The high cost and limited 
availability of capital demand that such mechanization 
be low-cost. The general labor surplus requires that 
mechanization be keyed specifically to periods of labor 
shortage. Engineering research must be appropriate to 
these specific local needs, and it will inevitably in
clude systems to raise water, provide insect protection, 
improve threshing and tillage, and so forth. 

Finally, vast increases in the use of such purchased 
inputs as fertilizer--a necessary part of the Green 
Revolution--mean that these must be produced in large 
quantity without increasing the relative cost. Currently 
the optimal means of producing these inputs are highly 
capital intensive. Can engineering research develop 
lower cost production methods, including smaller scale, 
less complex plants, more suited to the conditions of low
income countries? 
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THE ORGANIZATIONAL NEEDS 

Increasing food supplies through technological change 
requires (1)  complex interrelated systems of research, 
education, input supply, and marketing, and (2) an insti
tutional base for recognizing and handling important 
issues of prices, land use, and resource allocations. 
Since agriculture requires an accelerated rate of growth 
over time, a system is needed that constantly generates 
new technology and implements it, not just a "once and for 

all time" boost in production to a new plateau. 
A blueprint for a complex system is not enough. The 

scarcity of trained manpower requires a careful setting 
of priorities phasing the building of the system to max
imize short-run returns, as well as building the various 
sub-systems for the long run. 

BUILDING A RESEARCH SY STEM THAT WORKS 

The research system is most fundamental, and in 
developing countries especially, it must come to terms 
with particularly severe problems of communication be
tween user and scientist, variability in conditions, and 
interactions of social and growth policy. 

Small-scale production units have an immense advan
tage in tapping entrepreneurial sources not appropriate 
to large units or government bureaucracies. Small entre
preneurs often have substantial business acumen, but 
little formal education, and this can result in a commu
nications problem between the research establishment and 
the productive user. Communication is crucial to the 
success of research in agriculture and industry; most 
important is a channel that takes problem-definition from 
the user to the researcher and provides feedback from the 
initial research efforts. In agricultural research this 
feedback occurs by close contact between research institu
tions and extension organizations. In Japan and Taiwan, 
farmer organizations have been predominantly used in this 
context. 

The common complaint in low-income countries is that 
agricultural research is irrelevant to local needs, that 
foreign-trained researchers work on problems irrelevant 
to local conditions. The problem is basically one of 
communication and clientele, and the institutional 

19 

Copyright © National Academy of Sciences. All rights reserved.

World Hunger: Approaches to Engineering Actions : Report of a Seminar
http://www.nap.edu/catalog.php?record_id=18516

http://www.nap.edu/catalog.php?record_id=18516


structure is the key to this problem. The foreign
trained researcher may well have a clientele in foreign 
journals, an orientation to international conferences, 
and he may work under an incentive system that encourages 
cultivation of an international clientele. What is 
needed are incentives that make the researcher service a 
domestic-productivity-oriented clientele, and that co� 
pensate him as he benefits those users. 

The variability in agricultural conditions requires 
a widely dispersed system of research. Individual re
search stations serving specific adaptive needs must be 
tied to sources of more basic research. The one requires 
many small stations, the latter large integrated units. 
The solution lies in coordination between central stations 
and field stations, a complex institution building 
problem. 

Small-scale industries based on natural or agricul
tural raw materials, such as gems, forest products, 
fibres, vegetables and fruits probably require similar 
research support. Without such support the ability of 
small-scale firms to compete against large-scale firms as 
well as in foreign markets will be lessened. This, in 
turn, will hurt the efforts to move to higher employment 
strategies of growth. 

The impact of science and technology on social pol
icy is particularly great in agriculture because of the 
large absolute number of people and the very large pro
portion of total population in this sector. A technology 
which changes income distribution between laboring classes 
in rural areas and peasant farming classes, or between 
small and large farms, has major impact on the social 
objectives of society. Hence, society must be very much 
concerned with the nature of the technologies being cre
ated and their impact--i. e. ,  the choice of technology and 
the way it is applied. It should also determine the 
institutional organization of science and technology that 
largely determines the options. The choice between work
ing on yield increases through biologically-oriented 
innovations as opposed to labor-saving and mechanically
oriented innovations is a simplistic example because some 
mechanical innovations can break seasonal labor bottle
necks that, in turn, may allow major yield increases. 

The problem is even more complicated when we deal 
with regional allocation of science and technology re
sources. For example, to what extent should one take a 
particularly high risk on the rate of return from re
search resources by allocating them to backward sub-regions 
that seem to have poor development prospects but where 
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s oc ia l  prob lems are part ic u lar ly ser ious? Such prob lems 
a ls o  oc c ur in the deve lopment of a res earc h s t ruct ure t o  
serv ice t h e  sma l l -sca le indus t r ia l  sector . Dec is ions 
mus t be made about which produc t s  t o  emphas ize , about 
the locat ion of s tat ions , and about the labor int ens ity 
of part icu lar un it s . Agr icu lt ure a l s o  i l lus t rates the 
comp lex ity of the prob lem of s e t t ing research object ives . 
Whe re s oc ia l  and economic cond it ions have determined the 
research thrus t , in iso lat ion from techn ica l sc ient ific 
cons iderat ions , the res u lt has often been an ins o lub le 
prob lem de f init ion . What is neces sary is the interac t ion 
between the s oc ia l object ives and phys ica l rea l it ies - -an 
exe rc ise in the art of the pos sib le. 

Pub l ic Sector Organizat ion 

Organ izat ion of a sc ience and techno logy sys t em 
large ly in the pub l ic sector raises d iffic u l t  prob lems 
of s e t t ing and enforc ing pr ior it ies. The pub l ic sec t or 
object ive s  are l ike ly to be d ivers e ,  t he po l it ic a l  pro
cess  may inh ib it an exp l ic it s t at ement of objectives ,  and 
the bureauc rat ic procedures may make it d ifficu lt to  
a l locate  re s ources cons is tent w ith uns t ated object ives . 
This raises  ques t ions  about t he extent to wh ich resea rc h  
shou ld b e  organized in ins t i tut ions large ly aut onomous 
of po l it ica l processes  so that objec t ives may be dea lt 
with more exp l ic it ly ,  wh i le r isking les s  contact with 
and res pons ivene s s  t o  soc ie t a l  needs. 

In s c ience and technology sys tems the key a l locat ive 
dec is ions are: pers onne l and inc ent ives . Thes e are im 
portant  to  the tota l s ize and e ffect ivenes s  of the 
research effort. Part ic u lar ly in ex -c o lon ia l ,  low - inc ome 
c ount r ies , the administrat ive and sa lary s t ruc t ures in 
the pub l ic sec tor often favor a s t ab le admin is t rat ion and 
the gene ra l is t  adm in ist rat or. Change may be needed to  
g ive emphas is to techn ica l ly t ra i ned pers ons for research 
through a s h ift in re lat ive s a larie s and pre s t ige. Such 
c hange is difficu lt to  ach ieve . The prob lem is exacer
bated in mixed economies , where the pr ivate sector is 
l ike ly to  adjus t more rap id ly by draw ing on t he bes t  
techn ica l manpower to the det r iment o f  work best done in 
the pub l ic sector . Th is has been part icu lar ly det r iment a l  
to agr ic u lt ure , sma l l  ind us t r ies , and pub lic we l fare 
programs . 
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Integrated Interd is c ip l inary Approach 

App l ied prob lems in agriculture have been s o lved 
bes t by integrated res earch and ins t itut ions that cut 
acros s d is c ip l inary l ine s . For examp le , crop yie lds re 
duced by apparent d is ease or insect pes t s  may rea l ly be 
due to a t race e lement defic iency dea lt w ith by agronomy , 
rather than ent omo logy , p lant patho logy , or p lant breed 
ing . Un less  the prob lem is examined by pers ons from 
s evera l f ie lds , the optima l s o lut ion may not be found . 

Coord inat ion acros s  s evera l f ie lds may be more 
d ifficult  in pub l ic re s earch ins t itut ions becaus e of 
c lose re lat ionsh ips with academ ic inst itut ions and s trong 
t ie s  t o  d isc ip l inary organ izations . The prob lem is how 
to ma inta in a s t rong t ie with  the e f f ic iency-increas ing 
log ic and me thodo logy of the academic d isc ip l ine and a l s o  
deve lop a capac ity t o  constant ly regroup along prob lem 
or iented l ines in the face of cons tant ly chang ing prob
lems . The c los er the t ie w ith the c l iente le , the greater 
the press ure to  f ind produc t ive patterns of ins t itut iona l 
organ izat ion . 

Integrat ion of Bas ic and App l ied Research 

I t  is  not c lear how and at what leve l bas ic res earch 
needs to be integrated to  appl ied res earch . Nor is it 
c lear the ext ent to which t he ret urn to such integrat ion 
occurs by inc reas ing the e f f ic iency of research through 
the d irec t  uti l izat ion of bas ic research or by prov id ing 
greater  upward mob i l ity of res earch staff  to pot ent ia l  
nat iona l and inte rnat iona l ins t itut ions . I t  seems that 
nat iona l research systems have a l l  t oo often erred on 
the s ide of inadequate support in bas ic sc ience . Eff i 
c iency can b e  inc reased b y  se lect ive app l icat ions o f  
bas ic theory and soph is t icated methodology. Much o f  the 
cr itic ism of bas ic research is , in fac t , based on exam 
p les of poor ly defined and irre levant app l ied res earch. 
In genera l ,  res earch res ults  have been s parse whe re 
research is done in h igh ly app l ied s tat ions with l itt le 
int egrat ion w ithin a larger sys tem and when it is c on 
ducted ent ire ly b y  people w ith on ly a pp lied training . 

22 

Copyright © National Academy of Sciences. All rights reserved.

World Hunger: Approaches to Engineering Actions : Report of a Seminar
http://www.nap.edu/catalog.php?record_id=18516

http://www.nap.edu/catalog.php?record_id=18516


Interregional and International Research Grids 

The need for complex mixes of disciplines--and of 
basic and applied science--poses problems of scale in 
small countries that necessitate integration into a 
larger research system. In recent years international 
research systems in agriculture have been created that 
provide a prototype for other research systems. These 
international institutes provide : (a) major centers for 
interdisciplinary interaction to which less fully staffed 
stations can relate; (b) the communication and institu
tional base for developing a core of basic research; 
(c) a quality level that sets a desirable standard of 
problem definition; (d) an apex to integrate country re
search stations. Through these institutes complex 
problems have come to the attention of the international 
agricultural research system. Initially, support funds 
came largely from private U. S. foundations; recently, 
international and bilateral aid agencies have played a 
growing role; in the future low-income nations themselves 
may provide financial as well as intellectual support. 
Nevertheless, it is still not clear how they will be 
financed in the long term. This question relates to the 
role of these institutes, whether they should exist as 
separate operations to provide complete solutions or as 
part of a total research complex fully integrated with 
national systems. 

FUTURE NEEDS 

There are clearly visible potentials for increasing 
food production that can provide breathing room for a 
pattern of economic and political development , which in 
turn can bring birth rates and population growth under 
control. To realize these potentials there must be a 
major reallocation of resources toward rural development 
and the building of a complex institutional structure with 
an international research system as a key component. 

The American science and technology establishment 
can play a major role. Integrating this research estab
lishment into the international system can contribute 
directly to knowledge, strengthen the institutions of the 
international research system, and orient American research 
more toward certain aspects of food production problems 
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faced by poor countries. Financial assistance to the 
international system can be massive and effective if 
given with the backing of u . s .  knowledge and experience 
in building such systems. A flow of American researchers 
and technicians to field stations in low-income countries 
can significantly add to the volume of research output 
as well as assist institutional development and the 
training of people in developing countries for productive 
effort. 
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Technology to Im prove 
and Deliver Food 
Don Paarlberg 

A re port a s s e s s ing the wor ld food s it uat ion was pre 
pared by the Food and Agr ic u lt ura l Organizat ion (FAO) of 
the United Nat ions as a background pape r fo r the November 
1974 Wor ld Food Conference in Rome . The as s e s sme nt 
covers three t ime pe r iods: the near term re lated t o  the 
1974 crop , the next decade or so , and the long term .  

I n  th� s hor t term ,  c over ing the crop year 1974 ,  the 
p ic t ure is a mixed one. In the food export ing count ries , 
food produc t ion is inc reas ing marked ly. In the U . S. this 
year we wi l l  harves t  an a l l  t ime record crop of  wheat and 
very l ike ly of corn a ls o .  Canada and Aus t ra l ia are 
expand ing the ir output . In the food impor t ing c ount r ie s , 
however ,  part ic u lar ly in South As ia and a ls o  t o  s ome 
extent in Afr ic a ,  the s it uat ion is precar ious. The ir 
reserves are dep leted and , in v iew of t he c urrent h igh 
price of food , their capac ity to import food is l imited . 
They are shor t of fue l and fert i l izers . They are more 
than ord inar i ly dependent on a good c rop this  year . If 
the mons oon is good , and if a good crop comes a long , they 
w i l l  be a l l  r ight . If no t ,  t hey w i l l  be in ser ious 
d if f ic u lty . 

In the next decade or so FAO ant ic ipat es that food 
produc t ion in the export ing count r ies w i l l grow rapid ly 
and supp l ie s  per c a p ita w i l l cont inue to inc reas e at a 
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rate of about 1 . 5 percent a year , wh ich has been the 
growth rate for s ome  t ime . In the less  deve l oped coun 
t r ie s  the project ion i s  that aggregat e produc t ion wi l l  be 
a l it t le ahead of the rate of populat ion inc reas e and per 
capita s upp l ies wi l l  r ise  about 0 . 5  percent per year . 
This average wi l l  cover some very grave difficult ies in 
d is t r ibut ion ; there wi l l  be large populat ion sectors that 
wi l l  exper ience no improvement and perhaps a worsened 
s it uat ion . On the whole s ome improvement is expec ted 
even in the less deve l oped c ount r ies , but there wil l be a 
widening of t he gap between the deve loped and the les s  
developed c ountries i n  per capita food s upply . Subs t an 
t i a l  prob lems i n  the trans fer o f  food s uppl ies both from 
the deve loped to the less  deve loped countrie s  and with in 
the latter can a l s o  be expected . 

In the long run , project ing int o t he 2 1 s t  cent ury , 
un less there is some check on the rate o f  popu lat ion 
growth the re wil l  be no s o lut ion to the wor ld food prob 
lem . If present rates of populat ion growth are proj ected 
into d is t ant per iods , they s imply run off the chart . Not 
on ly prob lems of food supply , but others - -de p leted 
natural resources , excess ive crowd ing , c ongest ion , po lit 
ica l and s oc ia l  d is turbance - -are l ikely to  be enc ountered . 

We have est imated the United States ' capac ity t o  
produce food b y  t he year 1985 . Making certa in as s ump 
t ions - - ( ! ) reas onable weather , (2)  farmers wi l l  have 
ac ce s s  to  the ir land and will  not be l imited on the 
amount of land they can cult ivate , and (3) reas onab ly 
attrac t ive pr ices for farm produc e - -we ant ic i pate that 
product ion of feed grains could increas e about 50 percent , 
wheat about 40 percent , and s oybeans about 30 pe rcent 
over present leve l s . The re appears to be cons iderab le 
latent capac ity for inc reased food produc t ion here and 
also  abroad . 

TECHNOLOGICAL OPPORTUNITI ES IN FOOD AND NUTRITION 

Turning now t o  techno log ical  opportunit ies for main 
tenance and d is t r ibut ion of foods tuffs , this is the area 
of food techno logy that is great ly inf luenced by engineer 
ing . One import ant topic here is food fort i f icat ion to  
s upply the nutr ient e lements lacking in  food in  its 
natura l s t ate . One of these  often l acking , part icular ly 
in gra in , is amino ac id lys ine that c an be added at a 
moderate c os t .  Lys ine add it ion great ly improves the 
nutrit ious qua l ity of cerea l gra ins for humans , and adds 
2 to 10 percent to the cos t ,  depend ing on how much , and 
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which kind of amino acid is added. We know how to do 
this. We know that the effect is to greatly improve 
nutrition. However, some people have reservations about 
food additives, or about any kind of food engineering, and 
so we have the very human problem of food acceptance. 

Another promising development is textured soy pro
tein.  After oil is extracted from soybeans the meal that 
is left is very high in protein. With the application of 
food technology it can be made into textured soy protein 
and fashioned into a grea t variety of flavors , shapes and 
colors. Soy protein costs from 12 to 14 cents per pound , 
a fraction of what animal protein costs. There are some 
problems here again of taste and aesthetics, but the 
acceptance of this product is advancing , and it is one of 
the most promising areas in the whole food field. 

The case of soybeans illustra tes the interrelated
ness of engineering, economics, aesthetics, food habits , 
and tradition. Soybeans have been a food product in Asia 
for thousands of years. The soybean plant was imported 
into the U. S. about 100 years ago on an experimental 
basis. We were reluctant, a t  that time, to consider it a 
food crop, because we did not want to eat what the Chi
nese were eating ! Initially we used it as green manure 
and plowed it under. It was rather expensive though to 
grow it and then plow it down, so we decided to plant it 
as a hay crop. We noticed that cattle would eat it; but 
all the leaves would fall off before it could be brought 
into the barn, so we soon gave up its use as cattle feed. 
Then Henry Ford recognized its potential for industrial 
use; the soybean could be utilized as an industrial raw 
material. We discovered, however , that petroleum was a 
much more economic source of industrial plastics. Next 
we found the oil in the soybean. We squeezed the oil and 
used it for human food. We called it an oil crop and 
still do. We discovered later that the meal left after 
oil extraction was a very valuable livestock feed and 
worth more than the oil. So it became a food crop. 
Finally , we have discovered that the meal is an excellent 
human food. One hundred years later, we are back to 
where the Chinese were 1 , 000 years ago ! 

There are other very promising food products that 
require engineering. However , they also encounter prob
lems of aesthetics and acceptance. One is fish protein 
concentrate (FPC).  Fish is processed and made into a 
highly nutritious fish meal. It is an excellent human 
food additive. It can be made very bland so that the fish 
taste is not noticeable. But people have an aversion to 
it and will not use it as a human food. As a matter of 
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fact , we have some rules that out law this as a human food . 
We feed it to chickens . We know technic a l ly now how to 
get anima l feed from a lgae grown on s ewage was t es . 
Indeed , we might in t ime get human food that way . The 
extrac t ion of prote in from green leaves , and s ing le -ce l led 
prote in are other pos s ib i l i t ies . We have come a long way 
in eng ineer ing food products , but our e f forts wil l not be 
enough unless  we can overc ome the human prob lems o f  aes 
thet ic s  and acceptance , and the prob lems of economics . 

INSTITirriONAL IMPACT AND ACCEPTANCE 

I am c onvinced that eng ineers a re far ahead of  the 
soc ial sc ience d isc ip l ines when it  c omes to the capab i l ity 
of so lving the wor ld food prob lem . There is a long , c on
t inuing argument between eng ineers and s oc ia l  sc ient is ts . 
The eng ineers bel ieve that techn ical  change ia good , that 
more technical  change is better , and the bes t  thing would 
be the mos t rapid technical change that is pos s ib l e . For 
them the re lat ionsh ip between the pub l ic good a nd the rate 
of  techn ical  advance is pos it ive , l inear and stee p .  The 
soc ial sc ient is ts , on the other hand , be l ieve there is an 
opt imum rate of t echnical change that the ins t itut iona l 
arrangement can as s imilate and accept without tear ing it 
s e l f  apart . They have doubts about generat ing technica l 
changes fas ter than the s oc ie ty can c omfortab ly acc ept . 
For examp le , if  agricul ture were mechanized in s ome less 
deve loped c ount r ies , the resultant unemployment of  a great 
number of people might br ing about s oc ia l unres t  and , 
indeed , disas t e r .  We d id it in this country when we 
mechanized our cotton produc t ion at a very rapid rate and 
caus ed the unemployment of  mi l l ions . We had not ant ic i 
pated this fac t and had made no plans t o  acc ommodate the 
new s ituat ion that came about . The unemp loyed people went 
to the c it ie s  in great numbers and had d if f iculty be ing 
accepted there . 

Therefore , as we dea l with engineer ing s olut ions to 
wor ld food product ion , we need to  keep in mind that soc ia l  
ins t itut ions mus t keep  pace with them , and that there is 
a maximum rate of acceptance of wh ich these ins t itut ions 
are capab le .  To push beyond that rate may perhaps be an 
engineering triumph , but it c ould be a s oc ia l  disas ter . 

TRANSFER OF FOOD SUPPLIES : COST AND EFFICIENCY 

When we s peak about moving our increas ing abundance 
of food to  the poorer countr ies  an overrid ing factor to 
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be c ons idered is the c os t . The techno logy we now have or 
wi l l  deve lop cannot a lways be trans ferred eas i ly to the 
les s  deve loped wor ld . However , people l ike you are in a 
pos it ion t o  he lp the poorer c ountries better feed them 
se lves and become better cus t omers of the u . s . farmer . 
This e ffort wil l  require s ubs t ant ial inves tment of know
how and money . It wi l l  take fore ign inves tment in modern 
iz ing overseas port fac i l it ies  and bui ld ing roads in the 
interior to  get the food to the peop le who fac e  the great 
est  danger of s t arva t ion .  But perhaps as important as 
money is t he ava i lab i l ity of  technic ians . This is where 
eng ineers and other s pec ia l is t s  are vita l ly needed . 

The devel opment of larger bulk cont a iners for ship
p ing farm goods in  this  country has  s ignif icant ly lowered 
the c os t  per unit of product . This appl ies to ocean 
t rans port as we l l .  Shipping in bulk reduces  the hand l ing 
t ime at the port and s treaml ines the whole distribut ion 
sys t em .  

Containerizat ion has been one o f  the greatest  innova 
t ions in our marke t ing sys tem in years . The b ene f its , 
however , have been l argely reaped by the indus t r ia l ized 
c ount r ies . Conta iner sh ips are heavi ly p lying the ocean 
lanes be tween Europe and the eas t  c oast of the u . s .  

But what about Indone s ia ,  for example ? I t  has few 
ports for s uch ves se ls . Container ships require a b ig 
investment . Each c rane needed to remove the cargo from 
the ship costs a m i l l ion dol lars or more . Trucks are 
needed t o  t ransport the cargo to dest inat ion points , and 
h ighways are needed for the trucks . The coas t a l  reg ions 
usua l ly have the roadways for f ood trans port , yet the 
interior reg ions are often more in need of food . Without 
the r ight equipment to hand le the c ommodi t ies  dis patched 
from the modern sh ips , one ends up with the o ld sc oop 
shove l ,  and thereby loses a l l  the e f f ic iency that could 
be gained from us ing the larger bulk carriers . 

Part of the prob lem of send ing vas t s uppl ies of  
grains t o  fore ign c ountries is  that it  takes thes e coun 
tr ie s  a long t ime t o  bu i ld the port c apac ity t o  hand le 
what is landed on their shores . Bes ides , they do not have 
the fac i l i t ie s  for sh ipping food inland . At pres ent , we 
are sending s orghum to Africa under P . L .  480 .  Exc ept for 
Dakar , mos t  of the Afr ican ports cannot t ake cargo from 
our newer sh ips . After leaving the ports , the s it uat ion 
becomes even more d isma l . Ra i lroads cannot hand le the 
load . As for trucks , they trave l on what we would con 
s ider tra i ls which become lob lo l l ies  of mud when i t  ra ins . 
It is fortunate that mos t of our donated gra ins arr ived 
in Africa s oon enough to be moved to the Sahe l be fore the 
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ra iny season ,  but much of  the grain from other countr ies 
cou ld deter iorate .  

Even i f  the food does get in , s torage pre sents a 
prob lem- -not j us t  in Africa but in many parts of the 
deve loping wor ld . Ind ia , for example , has had s evere 
prob lems in s toring food . As much as 20 percent of the 
food sup p ly is los t to rodents . In parts of Afr ica , t he 
s t orage fac i l it ies are s o  bad that the ships often have 
to fumigate the grain--at a c os t  of around $25 , 000 - -before 
it is taken ashore . On the br ighter s ide , t he introduc 
t ion of lash ves s e ls wi l l  lower the c ost  of fumigat ion , 
s ince the ship  wi l l  be able to  leave the ves s e ls and 
ret rieve them later . 

The cond it ion of  the waterways in many deve loping 
nat ions hinders food shipment to them . In Bang ladesh , the 
ship  Manhattan - -one of the b igges t ships then afloat - -
was used as a warehouse . Th is proved expens ive becaus e  
the s h ip rema ined i n  Bangl adesh f o r  more than 6 months . 
It was unab le to leave due t o the low water leve l .  Bang 
ladesh is j us t  one example of a needy c ountry t o  wh ich 
food cannot be de l ivered economic a l ly .  

Market ing o f  food costs  money , but the c os t  may be 
sharp ly reduced by increas ing vo lume . The unit trai n , for 
examp le , goes from produc t ion point to consuming point 
c arrying a c ommodity , but it  c annot make money un less  it 
moves a l l  the t ime . And that means somebody on the other 
end has to unload a lot of grain . Because they lack 
transport fac i l it ies , the deve loping countr ies often have 
no one ava i l ab le to move the grain . What we cons ider pro 
gress  in market ing is not nece s s ar i ly viewed that way in 
the deve loping countr ies , becaus e the end result is a 
h igher price for the produc t . By that I mean packag ing 
and qual ity maintenanc e - -plas t ics , and wrappings that pro 
tect the products . These  s avings are res is ted by many 
countr ies because of the cos t . We s pend 8 c ents of each 
market ing do l lar in the u . s . just for packag ing to pro
tec t the product ; but  in the les s  deve loped c ountr ie s , it 
is s ome t ime s  cheaper to  los e  the product than t o  package 
it . 

The picture is not as b leak as I have painted it .  
The u . s . has a tremendous capac ity to produce food to 
avert wor ld shortages .  It is true that many o f  the nat ions 
mos t in need of food are i l l -equipped to rece ive it at the 
ports , to s tore it , and to trans port it to the hungry . 
But people l ike you have the know-how to  he lp c orrec t the 
c ondi t ions that make it  impos s ib le for s ome of  the world ' s  
needy t o  get the food that we can provide them . This wi l l  
take money , but without expert ise that money wil l  b e  wasted . 
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The crux of  the prob lem is expert ise , in growing the 
farm c ommod i t ie s  the rest  of the wor ld requires , and in 
gett ing this food into the mouths of thos e who need it . 
This means des igning sh ips that can s a i l  int o ports that 
are now inadequate by our s tandards , he l p ing fore ign coun
tries  to des ign ports that can hand le the  ships , and 
des igning s torage fac i l i t ies and in land roads to move our 
great agr icu l tura l abundance . 
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Planning Implications for 
Increasing Food Supplies 
Charles S. Dennison 

The wor ld s oc iety today is very different from what 
we have known in the pas t .  Conservat ion of materia ls , and 
a tota l ly new c oncept ion of waste  and of cons umpt ion , as a 
l inear increas e must  f igure in a l l  our th inking . We mus t 
a lso  face the que s t ion of how we are go ing to  d ivide up 
and use the resources of this f inite p lanet . These are 
quest ions in which the engineer , a long with h is sc ience 
and soc ia l  sc ience c o l leagues must be deep ly invo lved . 

On the subject  of increas ing food product ion in 
deve loping count ries , one cruc ia l area we c ou ld focus on 
is fert i l izers . The comp lexity of th i s  sub j ec t - -the need 
for management and feedback--wi l l  require ski l ls that l ie 
s ubs tant ial ly but not exc l us ive ly in the eng ineering 
sector . 

FERT ILIZ ER NEEDS OF DEVELOPING COUNTRIES 

Approx imate ly 85% of wor ld fert i l izer produc t ion is 
c onc entrated in the deve loped wor l d . Fert i l izer cons ump 
t ion in the deve loping c ountr ies is expec ted to increase 
from 5 . 8 mi l l ion me tr ic tons of nitrogen nutr ients (N ) in 
197 1 -72 to  15 . 5  mi l l ion me tric tons by 1980-8 1 ,  and phos 
phate nutr ients (P)  from 2 . 7  to 7 . 1  mi l l ion metric tons 
over the same period . In aggregate terms , N&P nut rient 
consumpt ion is expected to grow from 8 . 5  to 22 . 6  mi l lion 
metric tons . 
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This rate of increase in fert i lizer use is cons istent 
with an average annual growth rate of 3 . 3%-3 . 5% in food 
and total agr icultura l product ion . Much of this increased 
fert ilizer consumpt ion can and should come from increased 
indigenous produc t ion in deve loping countr ies . This 
c ourse ,  despite certain ec onomic disadvantages ,  wi l l  con
tribute to overa ll  economic deve lopment , employment ,  tech
nological  and management advance and insure a s table and 
secure supp ly of a vital  e lement in food produc t ion . 

Wor ld fert ilizer product ion grew sharply dur ing the 
firs t  half  of the 1960s geared large ly to expected demand 
increase in the deve loping wor ld . Failure of this market 
to  materialize caused sharp price drops in the second half  
of the 1960s and a marked drop in  new fert i lizer inves t 
ment . This restric t ion of fert ilizer supp ly had a marked 
effect on the price and availab i l ity of fert i l izers now 
urgent ly needed by food -deficit  developing c ountries . Pre -
1973 urea c os t  averaged $ 90 -$ 100 per metric ton ,  C&F at 
As ian ports ; by mid - 1 974 this cost had risen to $270 and , 
in the future could go up to $350 . Higher prices and 
increased demand should enc ourage subs tant ial investment 
in fert i l izer produc t ion capac ity . However , it is most 
unlike ly that this wi l l  oc cur quickly enough to  meet the 
needs of the poorer countries . 

Es t UDates of the investment required for fert il izer 
produc t ion in deve loping countr ies range from $6 to $ 10 
b i l l ion between now and 1980 -8 1 .  Some o f  this may come 
from private enterpr ise ,  but not enough , because private 
inves tment f lows to stab le , as sured markets chie f ly in the 
deve loped wor ld . It  does not read i ly enter high-risk,  low
marg in operat ions in the deve loping countries that most 
need the fert il izer . 

AN ACTION STRATEGY : A FOUR-POINT PROPOSAL 

What can be done to al leviate this s ituat ion? I have 
a four-point act ion proposal  to sugges t ,  but firs t I would 
like t o  ment ion s ome of the assumpt ions bas ic to the pro 
posa l .  

1 .  Populat ion control  on a nat ional and g lobal scale 
is a vital  and necessary c ons iderat ion in any food produc 
t ion s trategy . Unless mankind grapples with its growing 
numbers , a l l  strateg ies , programs and projects wi l l  be 
reduced to fut ile pal l iat ives . 

2 .  The food prob lem is global , and its s o lut ion wi l l  
require c ooperat ion among indus trial , soc ialis t ,  and 
deve loping economies . Yet effect ive act ion requires a 
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c ompetent , neutra l ,  central authority--one that can mea
sure , manage and execute po licy , exerc ise objec t ive but 
pos it ive leverage on individual c ountries , fol low up pro 
grams and evaluate the ir results . The engineering pro
fess ion has an important role to play in creat ing and 
operat ing such an author ity . 

3 .  The private fert il izer industry with its suppor t 
ing and outreaching auxi l iaries has demons trated exce l lent 
technical and managerial capability for produc ing and 
market ing its produc t .  Therefore , it should be involved 
whenever poss ib le , and a l l  fertilizer supply programs 
should be coordinated with its norma l market processes . 
However , private indus try is respons ib le for earning a 
return on inves tment and for maintaining a competit ive 
share of the market . These pressures serve the deve loped 
countr ies wel l  but usua l ly do not s erve the poorer , less  
deve loped nat ions ' farm populat ions we l l .  Hence there is 
a need for a stab le , c ontinuing supply sys tem for the 
poorer nations --one that wil l  compensate for the dras t ic 
r ises in energy and fert il izer costs . 

4 .  Food product ion must be cons idered within the 
context of balanced , overa l l  deve lopment . Fert il izer has 
been se lected as the "critical path" item in the fo l lowing 
proposal , but it is essent ial that other inputs in the 
"agro-indus try" comp lex--seeds , chemicals , imp lements and 
pest ic ides --be brought together at the country and farm 
level . 

The four-point proposal  that is suggested here is 
based on a new concept of the role and respons ib i l ity of 
the engineer in internat ional deve lopment . It out lines 
very broad ly the des ign of an internat ional act ion program 
to deal with a cr it ical element in the present wor ld food 
s ituat ion . In this f ie ld , severa l stud ies , ana lys es and 
computer -mode l building exerc ises have been done , and 
others are in process under the direc t ion of internat ional 
or nat ional agenc ies in deve loped and deve loping c ountr ies , 
univers ities , and private foundat ions . Howeve� , they are 
large ly concerned with defining and measuring the food 
populat ion-growth "prob lemat ique . "  My proposa l ,  on the 
other hand , sugges ts a sys temat ic , urgent , engineering 
management action sys tem to deal with the food produc t ion 
prob lem . This wi l l  require mobilizing investment and 
techno logy for fert i l izer product ion , trans por t and distr i 
but ion for on-farm use i n  developing c ountries . The 
approach cons t itutes a "cr it ical path" effort t o  mob il ize 
fert ilizer supply and produc t ion where and when it is mos t  
needed . 
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The four point s of my proposa l  for COPEP and other 
appropr iate organizat ions are : 

1 .  COPEP shou ld beg in to make an immed iate appra isa l  
o f  the ro le that e ng ineer ing and eng ineering -based manage 
ment can p lay in devising and executing s t rateg ies and 
act ion programs in  the world food-population • ituation at 
the internat iona l macro - leve l ,  and at the compleme ntary 
nat iona l or micro - leve l .  Such an appra is a l  should use , 
but not re ly entire ly on sys temat ic a pproaches and tech 
niques . 

2 .  Se lect a c onc rete and urge nt e lement for act ion 
in food produc t ion , and formulate and rec ommend , for 
examp le , a t r ia l  e f fort to provide adequate s uppl ies of 
chemical fe rt i l izers , in suffic ient t ime and over t ime ,  at 
cos ts  deve loping nat ions can afford . S uch a fert i l izer 
s upply effort s hould be internat iona l , be t ied to  a program 
of emerge ncy and reserve food s upp lies , and be a imed at the 
poorest  40% in t he deve loping world . 

3 . Co l laborate in this fert i l izer supply study pro 
gram with other d isc ip l ines --agr icu lt ura l sc ient ists , 
deve lopment economists , financ ia l  and trans portat ion 
s pec ia l is t s - -to deve lop a systemat ic management approach 
that could be applied to  other equa l ly import ant as pect s  
of  the food and popu lat ion s it uat ions such a s  popu lat ion 
c ontro l ,  food s t ocking and dis tribution , water use and 
conservat ion , energy , chemica ls , and other inputs , was te 
contro l ,  environmenta l  protect ion and improvement , etc . 

4 .  Exp lore with other profess ional  organ izat ions 
s uch as ICSU , FAO , IBRD , IIASA, * and the fert i l izer indus 
t ry ,  the spec i f ic arrangements for imp lement ing a food 
populat ion strategy . 

COPEP act ion shou ld be g ive n impetus by the impact of 
the e nergy c r is is , the sharp inf lat ion of fert i l izer prices , 
d is rupt ion of wor ld fert i l izer s upp l ies , and result ing 
hardsh ip for the poorest  countr ies and farmers . 

Elaborat ing further on point 2 ,  my suggest ion is that 
we start with nat iona l food -fert i l izer needs and work back 
to the requirements for raw mater ia l  input s ,  techno logy , 
trans portat ion and investment . Such food and fert i l izer 
needs wi l l  have to be ca lcu lated for now to the e nd of the 
decade , and to 1985 -86 , with concentrat ion on the mos t 
needy countr ies (es t imated t o  number 26 -30 with a probab le 

*Icsu 
FAO 

IBRD 
IIASA 

(Internat iona l Counc i l  of S c ient ific Un ions ) 
(Food and Agricultura l Organ izat ion of the Un ited 
Nat ions ) 

(World Bank)  
( Internat iona l Ins t itute for App lied Sys tems Ana lys is ) 
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populat ion of 350-400 mil lion by 1985 ) . These c ountr ies 
are to be l isted in pr iority according to : ( l ) need ; 
(2 ) government recept ivity and wi l l  to act ;  (3 ) agr icul 
tura l ,  logis t ical , and environmenta l abs orpt ive capac ity ; 
(4 ) water availability ;  and , (5 ) popu lat ion control po l icy . 

An international managing and financ ing author ity 
should be created with the support of internat ional organ• 
izat ions in the food and ec onomic deve lopment f ie ld . Such 
an author ity would respond to the sys tems -defined pr ior ity 
needs at the country level with a four -phase synchronized 
program : 

1 .  Provide emergency food suppl ies and build better 
food s t ocks as already proposed by PAO . 

2 .  In c lose coordinat ion with th i s  wor ld food reserve 
system, create a complementary pool and supp ly sys tem for 
fert ilizer and other food produc tion inputs . The fert i l i 
zers and inputs would b e  purchased on the open market in 
large quant it ies and at competitive wor ld market pr ices 
thus providing a quick and substant ial demand to encourage 
increas ed fert i lizer produc t ion in deve loped and certain 
deve loping c ountr ies . The poo l fertil izer wou ld be sup
plied to prior ity-need countries at concess ional prices 
to offset the inf lat ionary impact of sharply increased 
petroleum costs . Countries receiving such supp lies would 
meet the criteria lis ted above , thus providing a measure 
of internat ional leverage to ensure improved agr icultura l 
policy and practice in rec ip ient countr ies . The supp ly of 
poo l fertil izers and other inputs would work as a "s eed ing 
program" intended to create and tes t a fert i l izer log is 
t ics  system ,  inc luding shipping , harbor unload ing , s torage , 
rai lroad , road and barge movement to farm areas , provis ion 
of credit to cultivators , extens ion services for cult iva 
tion and post -harvest ing processing , s torage and d is tr ibu-
tion to market . 

· 

3 .  Concurrent ly with the operat ion of the emergency 
food -cum-fertil izer and requis ites supp ly sys tem out l ined 
above the international author ity wou ld devise a program 
with governments for indigenous fert il izer produc t ion in 
certain suitab le prior ity c ountr ies that would be hos p i t 
ab le t o  such operat ion . This would entai l expans ion , 
modernizat ion , and ful l  capac ity us e of exis t ing fert ilizer 
fac ilities as we l l  as construc t ion of new fac i l it ies 
appropr iate for the market . The fol lowing would be as sessed 
in planning produc t ion fac ilities - -indigenous resource 
availability , energy and fos s i l  fue ls or subs t itutes , 
phosphate , potash , and sulfur as raw mat eria ls , transport 
and log ist ical fac i l it ies , environmenta l  carrying capac ity 
and constraints , and water availab i l ity . 
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4. Finally the authority would create an inter
na tional support base for the planned indigenous plant 
network. This would cons ist of locating , mob ilizing and 
channelling the raw material supplies--petroleum or gas 
(with particular emphas is on using flared gas in the 

Middle Eas t and elsewhere) , as well as the phosphate , 
potash , sulfur required--at the most favorable terma 
possible . Much of this supply operation could be handled 
by the world market but the authority would have to inter
vene to supplement the marke t ,  to adjust prices to ensure 
continuity of supply and to compete effectively with the 
usually favored indus trial country users . 

The authority would expedite and collaborate in the 
provis ion of the required technology and management draw
ing upon private industry , consulting engineers , govern
ment and international agencies . It would also assis t in 
providing ocean transpor t ,  including specially designed 
carriers for ammonia , phosphoric acid , etc . 

The financing of a fer tilizer supply program would 
have to be cons idered as an integral part of the financing 
of a food supply and buffer s tock program. The purchase 
of fertilizers at competitive world market prices would 
come from funds that might be added to those provided for 
food supplies . Financing of the long-term indigenous 
fer tilizer facilities would have to come from a vas t  new 
reservoir of development fund s ,  including OPEC . Core 
funding of about a billion dollars could s tart the indi
genous fertilizer produc tion program with additional fund
ing being supplied as viable proj ects begin to develop 
both at the country and materials supply level . 
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A Call to Engineers 
Peter Cott. 

The prob lem we have explored is immense and complex , 
and the need for responses and s o lutions is greater than 
ever before . Two essent ia l things mus t happen if what we 
have been d iscus s ing is to have any policy impact .  One 
of them is a recognit ion of the need for struc tures both 
within the NAE and outs ide , in organizat ions to which 
those present here belong . The other is a larger ro le 
for engineers as s oc ietal leaders . we have spoken of 
engineers in two capacities - -as profess iona ls , and as 
soc ietal leaders . It is in the latter role that more 
act ion is needed . 

Engineers have a capac ity for much greater inf luence 
over policy than they are aware of or have chosen t o  
exerc ise h is t orically .  They mus t intrude themse lves 
act ive ly in structures , in macro -and micro-systems through 
out the wor ld ,  and contribute to  po licy formu lat ion in the 
areas of populat ion , food , and resources . They should be 
on the boards of every organizat ion address ing these prob 
lems . My organizat ion , like s ome others in the popu lat ion 

, fie ld , has good people who are c oncerned , but we do not 
have a great deal of author itat ive knowledge or pos ture . 
Engineers c ould provide that e lement of authority and per 
ception . I t  i s  unfortunate that eng ineers are not usua l ly 
members of the u . s .  delegat ions at wor ld c onferences . 
Perhaps it is because they do not make the ir presence 
adequately fe lt so that they have the opportun ity to be a 
part of these de legat ions . 
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I want to make some sugges tions for your serious con
s ideration . Firs t ,  there are areas where engineers mus t 
play a role--in public policy ,  the private sector, and 
funding . In a speech before the World Population Society 
in February 1974 , Pres ident Seamans ident if ied the Congres 
s ional Office of Technology Assessment as a maj or 
mechanism wherein the knowledge and percep tions of engi
neers might be heard and be useful . I t  is equally 
obvious that such an off ice mus t be estab-lished at the 
Executive level and that engineers should be in the fore
front demanding it . Second , there is a real need for the 
NAE to amplify and energize its own s tructure to deal with 
the urgent problem of population and food imbalance . I t  
should be the priority concern today for this organization 
and its sister organization, the National Academy of 
Sciences . Unless tha t s truc ture is developed , this urgent 
issue will not be addressed as it should be and as it has 
been expressed here . Ins tead , i t  will be business as 
usual , s tarvation as usual , toppling governments as usual , 
and so on . 

Another matter needs emphasis . While engineers can 
identify the poss ibilities , probabilities , and the prag
matics of the technology of population and food balance , 
they mus t also identify its limitations . Here again , I 
speak to engineers as members and leaders of society , and 
not as professionals . Without their authoritative defini
tion of the limits , societal changes that are imperative 
to save spaceship earth will not be facilitated . Without 
new perceptions Americans will no t feel compelled to 
reduce their consump tion of food , energy or anything else . 
There is an obvious want of leadership in political cir
cles today . It will take other circles that society has 
his torically relied upon--academic and professional cir
cles--to provide the leadership , and to provide this 
outcry . And , finally , to build bridges between the pro
fessional and societal roles , engineers mus t function 
fully committed in both roles . 
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Charles M. Cergllle* 

Excessive population growth--along with its many 
deleterious consequences--is the world ' s  most critical 
long-term problem. Put ting a man on the moon was s imple 
.compared to the problem of world population growth . Its 
solution will require more people , more computer support , 
more ins titutional s trength , and more money and resources 
than were needed for the NASA space program. 

If COPEP wants to take a long- term view about 
potential food shortage beyond the next s ix to sixty years , 
then it mus t ask whether engineers can help to limit ex
cessive population growth and how this ought to be done . 
The present annual world population growth ra te of 2 per
cent means that more than 76 million people are added to 
our planet each year. Each new person requires the basic 
necessities for life suppor t ,  such as food and housing , 
from the earth ' s  dwindling resources . 

The population problem is a far more complex issue 
than any other your profess ion has faced before . Medi
cine has failed to respond adequately to the population 
problem. Phys icians and biomedical research scientis ts 
have failed no t only to provide new, suitable , and safe 
contracep tives , but have failed to provide leadership . 

*The views expressed here are Dr . Cargille ' s  personal 
views and not those of his organizations . 
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The public health profession should have recognized long 
ago that population size is a principal determinant of the 
future s tate of the public health . So-called population 
research is behind the times , and it seldom deals wi th 
critical issues of  papulation dynamics . Little attention 
is paid to non-demographic variables . 

In recommending what engineers and the NAE should do, 
I express hope in engineering as a problem-solving dis ci
pline . I offer three recommendations as part of a sys tems 
and engineering analysis approach to the population proble�. 

Firs t ,  the NAE should document the fact,  and convince 
the public , that population size is a maj or de terminant of 
the quality of our future exis tence . Second , the NAE 
should document that the present population research and 
adminis trative es tablishments are inadequate , and it 
should propose specific and sufficient changes to make 
these ins titutions adequate to solve population-related 
problems . Third , the NAE should devise a s trategy to 
ob tain large and sufficient resources for new talent , new 
ins titutions , new funding, and new obj ectives to deal with 
the population problem. 

More specifically , the above will require : ( 1 )  New 
definitions of population s cience and population research 
that are broader than those currently used in federal 
population research programs ; (2)  A technological assess
ment of the tools and adequacy of methods used in the 
population field . A sys tems analysis of the population 
es tablishment , its funding , and its deficiencies , could 
definitively document the reasons for i ts present in
effectiveness ; ( 3) A multi-disciplinary approach to 
population research and programming ; (4)  An adequate 
population and environmental information gathering , re
trieval, analys is , and dissemination sys tem; (5) New 
curricula in population education ,  multi-disciplinary in 
scope and management-oriented in context ; (6) Multi
billion dollar funding for the population field in all of 
its aspec ts ; ( 7 )  The selection of new and internationally 
accep table goals . For example ,  one might cons ider that 
food,  shelter , and other bas ic human needs should be 
provided at a sufficient level to each person to ensure 
his well-being and dignity . Another goal might be that 
man ought to survive , and in order to minimize the risk 
of extinction, he should take special s teps to preserve 
the genetic pool which assures the well-being of future 
generations ; and (8) An ethic of unity between all peoples 
to reduce and replace cut- throat competition that threatens 
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famine and death for millions while the affluent become 
ever more rich . 

While recommending an active and principal leadership 
role for engineers and the NAB. in the population field , I 
must caut:i.ou that population is .a sensitive science policy 
issue and that ves ted interes ts will oppose new initiatives . 
Engineers , bo th as individuals and through active partici
pation in NAE, can provide new leadership , but they should 
prepare for a long and difficult effort in the search fot 
solutions--rational and humane solutions that will ensure 
the survival and dignity of man. 
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Discussion 

QUESTION: Senator , how can you get the American farmer 
in the Midwes t interested in the realities of what is 
happening to people in far away places , in the dis tricts 
of India or Africa ? When he is preoccupied with his own 
prob lems , how can he be persuaded to show compassion or a 
willingness to help people he does not know? 

SENATOR HUMPHREY : If the u . s .  Government announces it 
will buy $3 b illion worth of foodgrains , the farmers will 
produce them, exactly as tanks are produced when the gov
ernment says it wants to purchase 1 , 000 of them for 
security purposes . The problem is one of leadership . We 
have a presidential system and it requires s trong leader
ship--moral leadership ,  political leadership , a design 
and programs . If you have this , people will respond . If 
the government says we mus t produce 2. 5 billion bushels 
of wheat next year , and we will put 500 million bushels in 
an international emergency program, and we are going to 
buy it from you, Mr. Farmer , he will produce it . The 
American people are perfectly willing to see that people 
in India or Ethiopia have food , and those who produce it 
want to sell it . If they cannot sell it commercially , 
they would like to sell it to their government . Then the 
government can make concessional arrangements with some
body else . 
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The American farmer is s till concerned about sur
pluses , depressed prices , and overabundance .  That is 
why the government has to design a program with target 
prices . These mus t be raised above $2 a bushel for 
wheat .  We are s till dealing with our farmers as if diesel 
fuel cos ts 12 cents a gallon and they can get all the 
barbed wire they want ! 

QUESTION: Senator Humphrey mentioned the need for a food 
information sys tem to help predict the supply of food 
crops . Is there any ready and easily unders tandable in
formation available that shows for each country and 
population the amount they raise domes tically ,  the amount 
they usually import ,  and how this has varied over time ? 

DR. MELLOR: The answer is yes , but there are some diffi
cul ties in this , and they are of two types : Firs t ,  the 
demand for food is very much a policy variable that is 
related to the dis tribution of income , which is a func
tion of national policy .  In order to proj ec t the demand 
for food we mus t know what some of the national policies 
will be . These policies in turn have to be framed in 
terms of what the supp ly will be.  It is a very complex 
interaction . On the supply s ide , the bas ic means of 
increasing agricultural production beyond the minimal 
amount to keep up with population growth is new technol
ogy , which is a very opportunis tic issue . 

Second , and the greates t prob lem for countries that 
today are press ing on world food reserves , particularly 
India , is simple unwillingness to face reality as to 
where they are going . They face a "political" problem 
because the government does not want to admit that it 
will be dependent on food imports for a considerable 
period of time . This makes it very difficult for them 
to frame a sensible long-run import policy which will 
mesh in with policies of other countries . This dif ficult 
political prob lem, in some respects , transcends the 
technical problem of making supply and demand es timates . 
It will require some complex nego tiations in the context 
of good faith. 

QUESTION : Senator , you spoke of something we might call 
"FPEC"--an organization of food producing and exporting 
countries , similar to OPEC in the petroleum field . What 
mechanism will be required to bring this about--j us t  
leadership on the part o f  the Adminis tration , o r  would 
legis lation be necessary? As far as I know about export/ 
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import shipment licens ing , the government does not influ
ence prices , as , for example , the las t big Soviet wheat 
deal . If our government had sufficient information about 
demand and supply , under what aspects of the law could it 
s tep in , control,  influence , or otherwise modify the terms 
of the agreement between the Russians who are buying and 
the people who are selling ? You commented that we need 
to be concerned with prices . 

SENATOR HUMPHREY : We need dip lomatic and political 
cooperation with other food exporting countries--Canada , 
Aus tralia , and New Zea land , for examp le . We ought to 
work together in the international market . I am not advo
cating that we gang up on the rest of the world in the 
food area . 

The problem with the Russian wheat deal was basically 
a lack of information at the time and the nature of our 
trading system. We do not have s tate trading. We do not 
even have a wheat board as the Canadians do . We deal 
through private firms and they are expected to share 
information with the government on a timely basis . This 
information mus t be compiled quickly so that it can be 
useful in telling us what the demands will be upon our 
supply . We have learned a lo t in the las t two years , but 
there is room for improvement . When our reserves are low 
at the end of the crop year , good reporting information 
is critical . We had a carryover of about 175 to 200 
million bushels of wheat at the end of the crop year on 
June 30th , and that is a low reserve . When you get down 
to that point , I think that the Secretary of Agriculture 
should monitor exports very carefully and we should have 
a better system of control . Perhaps we ought to have an 
expor t  licensing sys tem .  This is highly controversial , 
but we ought to take a good look at it . 

We need an improved inf�rmation sys tem and we are 
working on it in the Office of Technology Assessment . We 
need a sys tem that alerts us to a short supply situation 
without putting on export controls . Unless we plan and 
prepare accordingly , we will have some serious political 
repercussions at home , such as a tremendous backlash 
agains t rural America . That mus t not happen . 

We certainly need legislation to set up a reserve 
sys tem. For 25 years we had what we thought was the 
curse of food surplus and the idea was to get rid of it . 
We mandated the Department of Agriculture to dispose of 
it, and the Public Law 480 program was designed to do 
this . Having gotten rid of the surpluses , we now find 
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that we need to get back some of those reserves . 

DR . MELLOR: From the vantage of low-income co\Dltries 
there would be cause for concern about an organization 
like the "FPEC''--e . g. , wh·o would nm it , for what rea
sons , and the political implications of it . It is 
probably a good idea , but mos t  Asian and African co\Dl
tries are not sure about it and would not know how to 
approach it.  I expect they would treat it with great 
delicacy . 

QUESTION: We are told that if more food were available 
to the poor, say in India , that this would in some way 
have an effect on population growth, that it would de
crease because not so many sons would be needed to help 
feed the family . We are also told that population be
havior is primarily related to customs . Both may be 
correc t .  The cus toms might change as the quantity of 
food increases , and this would induce a b ig trans ient . 
But ,  if you increase the food supply , population would 
go up and then you would again get a decrease in the 
food supply . Has anyone estimated the size and length 
of this transient? It might be very , very serious be
cause 50 percent more food may be required . In ten years 
the food may not be there ,  and the situation will be a 
lot worse . 

DR. PAARLBERG : In the developed countries , Western 
Europe and the U . s .  , the transi.tion from high birth 
rates to relatively low .rates . and a reasonable stabili
zation of population took 150 years . The developing 
co\Dltries do not have that much time to make this tran
sition , and I am not sure that the historical experience 
of the western world is applicable to the developing 
world today . That is why the effort to increas e food 
production mus t be accompanied by a s trong program to 
limit the population growth rate . 

DR . MELLOR: An increase in food supplies and incomes of 
poor people is a necessary but not a sufficient condition 
for lower birth rates . I emphasize the necessary aspec t 
of it because it gets glossed over too often . 

I would argue for getting on with economic develop
ment , but through a process that ensures participation, 
and then adding a really vigorous program to lower birth 
rates . Raising incomes and participation of the poor 
brings down b irth rates much more rapidly nowadays than 
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it used to . The reason is due in good part to the kinds 
of population programs we have been applying in these 
countries . Birth rates went down faster in Japan than in 
the U . S .  and Wes tern Europe , and fas ter in Taiwan than in, 
Japan . They have been coming down faster s till in South 
Korea . The b irth rate is clearly coming down extraordi
narily rapidly in Singapore and in Hong Kong . These 
countries , except for Japan, were all considered low
income or underdeveloped countries ten or fifteen years 
ago . 

I want to re-emphas ize the point that the measures 
needed to get participation of the poor and bring birth 
rates down over time mus t cope in the short and inter
mediate term with an accelerated rate of growth in demand 
for food . I suspect that institutionally we have better 
means to deal with the food supply problem than we have 
for the population problem, but they have to be consider
ed together. 

DR. WILCOX: My concern is how you adapt engineering to 
the social ins titutions . The real question is : How can 
we adapt our food production technology so that we can 
make use of it in other countries ? I am thinking now, 
for example , of  irrigation and water supplies . How can 
we take .an irrigation plan that will work with the ins ti
tutions of a c�untry when these ins titutions vary from 
country to country ? 

Another example is fertilizers . We have the compe
tence to produce fertilizer and the elements we need are 
there . It is a matter of institutionally organizing our
selves to produce it and make it available in countries 
that need it . Again, this requires a country-by-country 
adaptation of the engineering capability in fertilizers 
to the institutions of these countrus . 

Another im�ortant topic is weather modification 
technology . A different range of institutions is invol
ved here , because it is something new. But , it may be 
a great possibility if we can continue to improve our 
knowledge . From a report of a Woods Hole research pro
gram I learned that was tes of cities along the seacoas t 
were being used for fish development . Greater use of 
was te recycling is a real possibility even in the poor 
countries . However ,  I would re-emphasize that these 
possib ilities must be fitted into the ins titutional 
situations that exis t  there . 
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MR .  NEYLAN : The area we do not unders tand we l l  a nd have 
not looked at enough in th inking of the prob lems of the 
deve lop ing wor ld is the area of ins t itut ions . Mr . 
Denn ison re ferred t o  th is in s peaking of  the d i f fic u lt ies 
of gett ing a project moving in a deve loping country . One 
of our prob lems in unders tanding the ir ins titut ions is 
that we look at the deve loping c ount r ies with the pre j u 
d ices of  our backgrounds , de pe nd ing o n  whethe r we come 
out of economic s or out of technical  eng inee ring or 
sc ience . Deve lopment is not j us t  economic deve lopment 
or j us t  technic a l  deve lopment ; it has to be a marriage 
between these two . 

DR . HURRAY :  I have l is tened to comments on what is need 
ed to  increase food produc t ion : p lant breed ing , mach inery , 
etc . It is my observat ion that i n  many parts of the 
deve lop ing wor ld mos t of the energy and labor for agr i 
c u lture cons ists o f  women and chi ldren and that the mos t 
s ign ificant advance might  be a longer hoe hand le . Women 
in Kenya , for examp le , are working with a hoe hand le that 
is t oo s hort . What does it take to get acceptance of 
sma l l  changes such as a longer hoe hand le ?  

DR. MELLOR : I n  a Kenyan rura l deve lopment project  a ided 
by the World Bank about 40 percent of the hous eho lds are 
headed by wome n .  Essent ia l ly ,  a l l  of the farming and 
food produc t ion is done by women . Western extension pro 
grams which were introduced , work on ly with the men . This 
re f lects a ve ry substant ia l and d i f ficult prob lem of t ra 
dit iona l cu ltura l at t itudes o f  western peop le about how 
to deve lop agriculture , rather than the problem of t rad i 
t iona l ism among peop le in the deve lop ing countries . 

We are too prone to th ink that Ind ian or Kenyan 
farmers are backward because they do not accept a new 
technology . we shou ld rec ogn ize that it is not suited 
to the ir set of c ircums tances . They are as interes ted 
in iuc reas ing the ir produc t io n  and inc ome as the American 
farme r .  Cultural hangups that impede rura l deve lopment 
often exist a lso with in the Wes tern-educated midd le 
c lasses in deve loping count ries who have great d i f f icu lty 
understand ing how the ir own farmers think and operate . 
They have great d i ff icu lty , the re fore , bu i ld ing suitab le 
inst itut ions to br ing techno logy , in format ion , and phys i 
c a l  inputs t o  the ir farmers . In  the U . S . ,  too , the urban 
midd le c las s does no t unders tand the prob lems of our own 
farmers . 
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into a country like Bangladesh or Indonesia means inves t
ments in an indus try that is extremely capital- intens ive , 
the wors t kind of indus try for countries with limited 
capital resources and one that creates very little employ
ment and , therefore , very little participation . The 
international community would have to put in subs tantial 
cap ital, which again raises a complex question about poli
tical relationships . 

MR. DENNISON : A fertilizer plant in Bangladesh does not 
have to be huge unless it is built for extens ive exports . 
The Chinese have shown us this . Also,  the number of 
people employed in a fertilizer plant represents a frac
tion of the total that could be involved . There is the 
whole distribution system and a whole network could be 
created if this is comb ined with a public works program 
to build access roads , bunding water and irrigation . 
Such a program would emp loy many more than, say ,  the 850 
people working at the ac tual plant s ite . 

MR. PIKARSKY : Senator Humphrey said it takes leadership 
to trans late what we are dis cus sing here into action in 
the political and legislative process . This seems to be 
rather lacking here because we do not have people from 
the White House lis tening.  I do not see the bridge from 
this type of group to public decision-making and policy . 

DR . SEAMANS : Both Academies fully recognize this . We 
have been tes tifying about the need for a council on 
science and technology at the pres idential level . The 
neares t thing to it today is the Pres ident ' s  Science 
Advisor , who is also the head of the Nat ional Science 
Foundation . We invited his right hand man to be with us 
today . We recognize that at this time we have limited 
influence over some of these political and policy matters . 

QUESTION : Are the international agricultural research 
centers really multinational in operation ? Where can one 
f ind information about how they are run and managed ? 

DR . MELLOR : The Rockefeller Foundation has a publication 
on th is subj ect . The centers have international staffs 
and international boards of directors , though people in 
the low-income countries would probably say that they are 
run by the u . s . ,  other high- income countries , and the 
World Bank . In the long run we mus t have more participa
t ion of low- income country nationals in the centers ' 
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I agree that there are many small things that can 
be done to improve farming , but I am not very optimis tic 
about the small changes in technology that could have 
been expected to be conceived within the rural society of 
the developing countries . They have oeen. experimenting 
for thousands of years , and I do no t think they have 
developed the wrong kind of hoe for themselves--though it 
may seem so to us . 

MR . DENNISON :  When I spoke about a new ethic for the 
profession , I meant that it should be part of a new ethic 
for our society . How can we in every conceivable way 
begin to get maximum eff iciency , to recycle , and find new 
uses and new means for our resources ,  including fertili
zer ? A good deal of fertilizer is was ted . We know this 
and agronomis ts . agree . 

The great thing about the engineer is that he func
tions not only as a profess ional , but als o  as a manager ; 
he gets feedback and develops action against the feedback . 
An active engineering process is a cons tantly correcting 
process . It is an extremely important process to bring 
into the world food s ituation , along with other disci
plines , no t as a panacea but as a dynamic and controlling 
factor . 

MR. RODDIS : I share the concern over gas being flared 
off in the Middle Eas t .  We have a real need for energy 
to produce fertilizer , and this was te is a great tragedy 
for mankind . If we can find a political mechanism to do 
something about this , we could also do a great deal to 
relieve the food situation and other prob lems associated 
with population . We should do something about this . 
Cyclical over-production/under-production takes place in 
almost any competitive indus try . It happens in the paper 
business , the same as it does in fertilizers , and I could 
name others . 

DR. MELLOR: The flared gases are located mos tly in Third 
World countries , in the Middle Eas t ,  Indones ia , and Bang 
ladesh . I see two problems here from the United States ' 
point of view. 

Firs t ,  do we want to help bring about a massive shift 
in the world ' s  fertilizer production to countries that are 
no t very much subj ect to our control ,  and with which we 
are likely to have substantial differences of interes t 
in the future? There is some reluctance to do this . 
Second , putting massive fertilizer production facilities 
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policy-making process . 

DR. LEOPOLD : Some people have spoken of the need for 
systems analys is in approaching the food-population pro
blem. You will be interes ted to know that there are two 
computer models of world food and population in exis tence 
in our off ice (and probably a third one in process ) . 
Access to them can be arranged through Dr . Wade Blackman 
in the Science and Technology Policy Off ice of the Nation� 
al Science Foundation . 

MR. BAXTER :  The problem of food is probably one of the 
mos t important issues facing us . But we have a whole lot 
of problems and programs in this country , and many people 
think we are not doing enough about them--e . g . , pollution 
abatement, welfare funding , veterans ass is tance , and 
mass transportation.. Where does this particular problem 
fit on the scale of priority problems we mus t set our 
minds and hands to ? This is one ques tion that COPEP and 
each one of us here will have to answer . 
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