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(an anyone feed a faml{y
of eight billion?




(14 By the year 2010 the world’s population will double. Eight
billion people who will share one thing in common—we all must eat
in order to live.

If there’s hope for the future, it’s improved technology.
That’s where Olin can help. Working jointly with our affiliate,
North American Plant Breeders, Olin is developing genetically
superior plants. Impressive results have already been achieved with
two vital crops—barley and alfalfa. New alfalfas just released have
conquered three major plant diseases for the first time by breeding
resistance into the seed.

Olin is also a leader in producing more food through chemis-
try. We introduced high analysis pelletized fertilizers in this coun-
try. (About 30% to 35% of our present food production in the
United States is due to the use of fertilizer.) But seed-borne and
soil-borne fungi are an area that remains a limiting factor in food
production. Olin is leading the attack on fungi, being thelargest pro-
ducer in the world of soil fungicides and one of the largest pro-
ducers of seed treatment fungicides.

Olin’s expertise will be helping to feed the world for a long
time to come. But we know technology is not enough. So we’ll also
be praying for sunshine, warmth, and rain.9 9

says 1IN
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No bowl can be filled until
the food is at hand.

To keep your family and the world’s families fed, two things are required.
Someone must produce food. Someone must process it.

FMC is involved with both needs. Agriculturists in more than 50 nations
are improving food production with the aid of FMC’s technical counsel, its
pesticides, mechanical cultivators, sprayers, and harvesters.

Processors are achieving better utilization of both fresh and preserved
foods with FMC engineered systems which automatically perform critical
operations all the way from washing and sorting to juicing, peeling, pitting,
canning, cooking, packaging, and labeling.

Tell us your needs. FMC serves worldwide markets for food and agricultural
machinery, transportation equipment, petroleum and fluid control equipment,
industrial and agricultural chemicals. FMC Corporation, 200 East Randolph
Drive, Chicago 60601.

+MC
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FOOD AND AGRICULTURE, by Sterling Wortman

An issue on the food problem. The outlook is hopeful, if development stresses agriculture.
THE DIMENSIONS OF HUMAN HUNGER, by Jean Mayer

The number of poorly nourished or undernourished people is roughly an eighth of mankind.
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Man and the plants and animals he has domesticated in 10,000 years are now mutually dependent.
AGRICULTURAL SYSTEMS, by Robert S. Loomis

What crops are grown where is set by a combination of ecological, economic and cultural factors.
THE AGRICULTURE OF THE U.S,, by Earl O. Heady

Its productivity is the result of development policies that have been pursued for two centuries.
THE AGRICULTURE OF MEXICO, by Edwin J. Wellhausen

The country where the ““green revolution” was begun is trying to extend it to the poorer farmer.
THE AGRICULTURE OF INDIA, by John W, Mellor

It does better than one might think, but development may need more agricultural emphasis.
THE RESOURCES AVAILABLE FOR AGRICULTURE, by Roger Revelle

The physical resources of earth, air, fire (energy) and water are far from being fully exploited.
THE AMPLIFICATION OF AGRICULTURAL PRODUCTION, by Peter R. Jennings
The green revolution rests on the breeding of crops adapted to the needs of intensive agriculture.

THE DEVELOPMENT OF AGRICULTURE IN DEVELOPING COUNTRIES, by W.
David Hopper It needs additional technology and capital from the developed countries.
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Bad sound

iIsan

unnecessary
evil.

To hear music beautifully repro-  generally a blight on the ears.
duced in the home is one of lifes most Some people pick up nifty all-in-one
pleasurable experiences. stereo compacts they believe will give
Its also a pleasure  them good, high-fidelity sound. But
that 8 out of 10 a visit to a reputable high-fidelity dealer
Americans have never will quickly shatter that belief. Because
] experienced. only there will you hear true high
Unfortunately. fidelity and come to realize just how
paSo0d for news.  most people still inadequate everything else is.

o e listen to music The simple truth is that only real
played through dinky high fidelity will give
kitchen radios that you real high-fidelity
weren't intended % % sound.That means
for accurate pide PR ] g separate component
music reproduc- Vg | o pieces; receivers,
tion 1n the first turntables, tape
place. decks and speakers,

Or they each designed to do
invest in its job perfectly.
“magnificent Pioneer makes
mediterranean more different
fruitwood stereo
consoles” which The $900 worth of
may be easy on fruitwood looks good.The

$200 worth of electronics
sounds bad.

the eyes but are
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Avoid buying cheap “no-name”

ig
stereo in a place like this Meoe's “ RI FT HIIFI
or you'll end up with no-quality sound.

high-fidelity components than anybody.
In fact, weTe the leading high-fidelity
manufacturer in the world today.

If you don’'t own some Pioneer
components, or some of similar quality
(such as that made by Marantz,
Kenwood, Sansui and a handful of other
dedicated companies) youre probably
listening to bad sound. And its so
unnecessary. Today., in 1976. good hi-fi

U.S. Pioneer Electronics Corp.,
This may be stereo. 75 Oxford Drive, Moonachie, New

But it’s not high fidelity.

Jersey 07074.

For a brochure describing the full
line of Pioneer high-fidelity components
and their capabilities, write us. To hear
our sound with your own ears, visit your
Pioneer dealer.

components (as opposed to bad M plONEER

“no-name” stereo systems which are Anyone can hear the difference.
ridiculously low-priced and provide

sound to match) cost no more than
many unsatisfactory alternatives.

True, you can assemble a super
Pioneer system that costs more than an
automobile. But thats equipment
designed for the high-fidelity purist to
whom expense is no object.

On the other hand. the Pioneer
receiver, turntable and speakers shown
here cost about the same as the console
pictured at left. And when it comes to
sound, theres no comparison.

Pioneer also makes equipment that
costs still less. So for a few dollars more
than a plastic compact. you can have
life-size and life-like sound the compact
could never deliver.

You see. bad sound is not only
unnecessary. Its unjustifiable.

© 1976 SCIENTIFIC AMERICAN, INC == R - .



The Nutritional
Valuve of

Supplementary
Foods for
Infants

Foods which supplement milk,
formulaor breast milk play a vital
role in meeting infants’ nutri-
tional needs. Commercial baby
foods are not only convenient
and safe, but also adequately
serve the nutritional purposes
for which they are designed.

Precooked, ready-to-serve cere-
als are vitamin- and mineral-
enriched, low-moisture foods
designed to provide a supple-
mentary source of calories,
B-vitamins and iron for infants
whose needs for these nutrients
are not met by milk alone.

Strained meats are high-quality
protein foods which effectively
supplement the protein of milk,
rounding out the amino acid pro-
file and increasing the efficiency
of protein utilization, while con-
tributing iron and trace minerals
to the diet.

Strained vegetables and fruits,
in variety, have both early ac-
ceptance and supplementary
nutritional value—making signifi-
cant contributions of vitamins
(particularly provitamin A) and
trace minerals, as well as ac-
quainting infants with a wide
variety of taste experiences.

Full-strength fruit juices are vita-
min C-fortified, and are generally
prescribed at the start of formula
feeding to provide a reliable
source of this labile vitamin,
which is often in short supply.

For more detailed information,
write on your letterhead to:
Professional Communications
Department, Gerber Products
Company, Fremont, Michigan
49412,

)

Babies ane oun busineas...
Gerber Products Co., Fremont, M1 49412

THE COVER

The picture on the cover symbolizes the theme of this issue of SCIENTIFIC
AMERICAN: food and agriculture. It is a detail of a special computer-en-
hanced satellite image of a scene in the Imperial Valley in southern California;
the dark, seemingly jagged line running diagonally across the picture is an irri-
gation canal along the border between the U.S. and Mexico. The image was
made by researchers in the Federal Systems Division of the International Busi-
ness Machines Corporation who are working under contract with the Nation-
al Aeronautics and Space Administration on the development of a new digital-
processing technique for generating precisely corrected false-color composite
images from data obtained by the multispectral scanning system on the LAND-
SAT earth-resources satellites. In such false-color composites healthy vegeta-
tion is usually shown in red. Differences in patterns of land ownership and
other agricultural practices are evident in this particular view, made from
data obtained by LANDSAT 2 in May, 1975, from an altitude of 570 miles.
A LANDSAT photograph of the entire Imperial Valley appears on page 30.

THE ILLUSTRATIONS
Cover photograph courtesy of IBM Federal Systems Division
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There are three sides
to every question:

the pro side,the

and theinside.

If you're in business
and you're reading about
something important to |
your business, you don’t |
want to know what some- |
body thinks has happened.
You want to know what
has in fact happened.

We want you to know
that, too.

That’s why The Wall
StreetJournalgoestosuch | _.——
lengths to insure that its < e
news columns are unbiased. We're not for or
against anything—not in our news columns,
at least. As far as we are able, we give you
the straight story...the unvarnished who,
what, why, where, how, when and so what
of anything that happens anywhere in the
world that may affect your decisions about
your business. If you want to know what we
think, read our editorials.

This let-the-chips-fall-where-they-may
attitude has helped The Journal to grow
from 785,000 circulation to over four and a
half million readers* It has won Journal

writers and editors five Pulitzer Prizes for
*W.R. Simmons, 1974/1975.

|
ey

con side

reporting (and two
Pulitzer Prizes for edito-
rial writing—which
proves that The Journal
isn’t afraid to take a stand
where a stand should be
taken).

Try The Journal on
our special introductory
offer. Just 86¢ a week will
get it delivered to your
home or office. Fill out

- - and mail in the attached
card. If someone else has already used the
card, just write The Wall Street Journal, 200
Burnett Road, Chicopee, Mass. 01021.
Take us up on our 86¢-a-week offer, for any
period from 13 weeks to a year. You won't
get just the pro side of business news, or the

o e foul . The
Wall Street
Journal

Price good in United States and possessions.
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RAVEN PRESS

HUNGER: Basic Mechanisms
and Clinical Implications

Edited by Donald Novin,
Wanda Wyrwicka, and
George A. Bray

This volume is a comprehensive survey
of basic and clinical research on hun-
ger. Hunger mechanisms are treated in
depth including neurochemistry and
neuroanatomy, the role of nutrients and
energy metabolism in the control of
food intake, developmental and moti-
vational properties of hunger, set point
theory and the relationship of weight
regulation and food intake, short-term
regulation of feeding with respect to
patterning, peripheral and visceral
mechanisms, and hunger and obesity
in humans. 510 pages, $28.75 (1976)

NUTRITION AND THE BRAIN
Volumes 1 and 2

Edited by Richard J. Wurtman
and Judith J. Wurtman

The first two volumes of this new series
consider the physiological mechanisms
that provide the brain with compounds
that it needs but cannot make, and the
disease states resulting from the failure
of these mechanisms. They focus on
two questions: What mechanisms nor-
mally control the amounts of certain
key nutrients that are available to the
brain, and what changes in brain struc-
ture, composition, and bebavior result
from protein or protein-calorie malnu-
trition? Vol. 1: 402 pages, $25.00; Vol.
2: 408 pages, $25.00; Introductory of-
fer: both volumes, $40.00

MALNUTRITION AND THE
IMMUNE RESPONSE

Edited by Robert M. Suskind

Written for the immunologist, nutrition-
ist, and clinician, this volume summa-
rizes the current state of our knowledge
of the interactions between nutrition
and the immune response. Subjects re-
viewed include the effect of malnutri-
tion on the cell-mediated immune
response, the polymorphonuclear leu-
kocyte, immunoglobulin and antibody
synthesis, the complement system, and
nonspecific factors. approx. 600 pages,
$35.00 (1976)

RAVEN PRESS

1140 Ave. of Americas, New York 10036
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LETTERS

Sirs:

Neal P. Cochran’s summary of coal
gasification and liquefaction technology
[*Oil and Gas from Coal,” by Neal P.
Cochran; SCIENTIFIC AMERICAN, May] is
avaluable contribution to the energy de-
bate. However, the complete omission
of water from the mass balance implies
that water is a resource limitless enough
to leave out of consideration. We all
know that, in the Western states at least,
this is far from being true. Using Coch-
ran’s figures I estimate that a plant con-
suming 25,000 tons of coal per day will
require the hydrogen atoms from 4.5
million gallons of water. That must be
only a fraction of the total water con-
sumption, about which no estimates can
be made from data in the article.

Cochran would serve us all by giving
realistic estimates of the water con-
sumption, and also by responding to the
suggestion, made by others, that it is
economically preferable to burn the
coal to make electricity (under condi-
tions where pollution can be controlled)
for our principal energy source, and to
save crude oil for those industries that
require it as starting material.

ALLEN C. WEST

Associate Professor
Department of Chemistry
Lawrence University
Appleton, Wis.

Sirs:

In reference to Neal P. Cochran’s Oil
and Gas from Coal” you may be inter-
ested to know that a fairly advanced and
sophisticated technology existed in Ger-
many between the two wars that al-
lowed internal-combustion engines to
be run directly on powdered coal.

The most famous of these devices was
the RUPA engine developed by Ru-
dolph Pawlikowsky, a co-worker of Ru-
dolph Diesel’s, who perfected Diesel’s
efforts to use coal rather than oil in the
engine that bears Diesel’s name.

Commercial production was begin-
ning in the late 1920’s and early 1930’s,
with serious consideration being given
to coal-diesel trucks and cars. Contem-
poraneous articles in the various naval-
design journals indicate that the British
Admiralty was seriously thinking of
converting from oil, with its foreign
sources, to home-mined coal.

When Hitler came to power in 1933,
Pawlikowsky fell into disfavor for a va-
riety of reasons. That, combined with
the location of the RUPA works in the
path of the fiercest fighting of World
War 11, guaranteed the near-total de-
struction of coal-diesel technology.
Currently a group at the Energy Re-

© 1976 SCIENTIFIC AMERICAN, INC

search and Development Administra-
tion (ERDA) is attempting to compile a
data bank on all coal-internal-com-
bustion information.

FRANZ ZRILICH

Bowling Green, Ohio

Sirs:

I have the comments of Dr. West and
Mr. Zrilich, and I offer the following:

1. The water requirements of coal-
conversion plants are not large, even in
the semiarid West, compared with the
quantities devoted to irrigation. Ac-
cording to a 1973 publication of the Of-
fice of Coal Research titled Clean Energy
from Coal Technology, a coal refinery
processing 75,000 tons of coal per day
would need 15 million gallons of water
per day. This comes out to less than
15,000 acre-feet per year, an amount of
water available at almost any location in
the U.S. A supply of water, like a supply
of coal, must clearly be taken into con-
sideration for each plant.

2. Work over the past 15 years strong-
ly suggests that it is far better to inte-
grate power production with coal “frac-
tionation” than to burn coal at about 40
percent efficiency. Conservation of re-
sources is important. Conservation is as-
sumed to mean intelligent utilization. In
addition, burning coal rather than oil
will not relieve our dependence on oil
imported from other countries.

3. It is true that Rudolph Diesel origi-
nally developed his engine to operate
with coal. Like others who followed
him, however, he found that the work-
ing of an internal-combustion engine
is not compatible with coal ash. I fre-
quently tell people that I will accept a
coal-fired diesel engine when Detroit ac-
cepts adding sand to crankcase oil.

NEAL P. COCHRAN

Energy Research and Development
Administration
Washington

Sirs:

Your interesting article on the Galile-
an satellites of Jupiter [“The Galilean
Satellites of Jupiter,” by Dale P. Cruik-
shank and David Morrison; SCIENTIFIC
AMERICAN, May] contains, in the histor-
ical narrative at the beginning, an error
introduced by Alexander von Hum-
boldt a century and a half ago that is still
perpetuated in the Encyclopaedia Britan-
nica. Hence no blame attaches to the
writers, but a few remarks are in order.

Simon Mayr published in 1614, four
years after Galileo's Starry Messenger
and two years after he had published the
periods of the four satellites, a book pro-
claiming on its title page that he had
detected those bodies in 1609. He allud-



TR7 WINS AT
CHARLOTTE,
LIME ROCK,
BRIDGEHAMPTON,
POCONO AND
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UPA SPORTS CAR
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It’s better than speed reading. ..

p——
i ok -
8 legr

3

It’s Speed Learning!

Have you ever wished you could read and
learn faster? Do you have too much to read
and too little time?

Speed Learning can teach you to read and
learn better. the average person becomes
108% more efficient. The ability to read-
comprehend-remember and use twice as
much knowledge and information is very
important to you.

Speed Learning has been approved with
highest honors and used by schools, col-
leges, universities, corporations and
branches of the U.S. Government.

A ‘teacher-on-cassettes’ and excitingly dif-
ferent study books will teach you a com-
pletely new way to read and think. You'll
learn, step-by-proven-step, how to increase
your reading skills and speed so that you
understand more, remember more and use
more of everything you read.

Whether you're 17 or 70 you'll find Speed
Learning exciting because it's easy to
learn, logical, practical and the benefits
last a lifetime. Within two weeks you'll be
truly impressed with how much you've
learned and how differently you read.

Program includes:

* 4 casseltes
* 3 study books
= 5 practice books

P.O. Box 2245
Princeton, N.J. 08540

lear

INCORPORATED

[JYES! Ship one Speed Learning program
at $69.95 plus $3.00 for handling and in-
sured delivery.
| understand that, if after 10 days FREE
examination | am not delighted in every
way, | may return the materials and all
money will be refunded or credit card
charges cancelled.

[OJCheck or Money Order Enclosed

[OCharge my Credit Card:
Bank [OMaster []Diners [JAmerican

ed to an observation on December 29,
1609, Julian style, which was the same
day as January 8, 1610, the date of Gal-
ileo’s second observation, Gregorian
style. Mayr’s description was identical
with Galileo's for that date: three bodies
equally spaced to the west of Jupiter.
Since the fourth body would have been
visible to the east, Mayr would have had
to have made the same oversight that
Galileo had on the same night, if Mayr’s
claim were true. The fact is that no tele-
scopes other than Galileo’s that would
have been capable of revealing the satel-
lites are known to have existed until
months later. Kepler (who was a friend
of Mayr’s) had to wait to see the satel-
lites until one of Galileo's telescopes
was brought to Prague, and the Jesuit
observers in Rome reported that they
did not see the satellites until the fall of
1610. Mayr’s story was that he had seen
them earlier in December, 1609, but did
not record any observations until the
one mentioned above. He also remarked
that he was not sure there were four sat-
ellites until the end of February, 1610.
The absurdity of his account is evident
from an investigation by a modern as-
tronomer, Jean Meeus, into why it had
taken Galileo an entire week to discover
all four satellites. Meeus calculated the
positions of the satellites for all Gali-
leo’s recorded times. Meeus’ interesting
account, published in Sky and Telescope
for February, 1964, shows that Galileo's
diagrams were remarkably accurate.
Meeus explains the lapse of a week in
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terms of eclipses and the resolving pow-
er of Galileo’s instrument. Mayr’s lapse
of three months, however, is preposter-
ous. Moreover, this one observation de-
scribed by Mayr in his book was sepa-
rated by three years from any others he
dated, of which there were a total of
only three or four over a period of four
years. It seems likely that Mayr made
many observations of the satellites but
that he did not start making them before
Galileo had published Starry Messenger.

There is much more to the story of
Mayr’s impostures, but this should suf-
fice. Anyone interested in reading
Mayr's book will find an English trans-
lation of it in the journal Observatory for
September, 1916. Galileo’s remarks
about it are in my Discoveries and Opin-
ions of Galileo, page 233.

STILLMAN DRAKE

University of Toronto
Toronto

Sirs:

We thank Professor Drake for his in-
cisive comments in the matter of May-
er's (or Mayr’s) priority in the discovery
of the four bright satellites of Jupiter.
From our reading of the literature on
the controversy, and particularly in
view of Galileo’s not altogether dispas-
sionate statements in the Saggiatore of
1623, we had allowed that Mayer might
have at least seen the satellites before or
contemporaneously with Galileo, al-
though it is clear that he did not recog-
nize their significance before the middle
of 1610, by which time he may have
seen the Sidereus Nuncius (Starry Mes-
senger). Mayer states in his Mundus Jo-
vialis that he and his patron Philip Fuchs
met a Belgian with a telescopelike in-
strument at the Frankfurt fair in the fall
of 1608. Although Mayer and Fuchs
were unable to duplicate the device,
they maintained they had got one from
the Netherlands in the summer of 1609.

We refer the interested reader to two
useful papers on the controversy sur-
rounding the discovery of the satellites
and the determination of their orbital
periods, the first by J. H. Johnson (Jour-
nal of the British Astronomical Associa-
tion, Vol. 41, page 164; 1931) and the
response by Pietro Pagnini (Journal of
the British Astronomical Association, Vol.
41, page 415; 1931).

We neglected to acknowledge in our
original article that the quotation from
Galileo’s Dialogue was taken from Pro-
fessor Drake’s translation (University of
California Press, 1953).

DALE P. CRUIKSHANK
DAVID MORRISON
Institute for Astronomy

University of Hawaii at Manoa
Honolulu



Astronaut-style life-
support suits used by
surgeons lower the
risk of infection
during operations.
Developed for self-
contained life support
systems. It is widely
used by hospitals
around the country.

The NASA Space Shuttle,
space system of the future, re-
usable manned space vehicle
for a wide variety of uses:
civil or defense, domestic or
foreign, environmental or
energy seeking. To be
operational in 1980.

L \]

Firefighters lightweight breath-
ing system. Developed from
aerospace technology. Produced
by Scott Aviation Company.

Il A unit that recharges pace-
maker batteries through the
skin reduces the need for
repeat surgery. Developed
Y% by Johns Hopkins University,
W  itis produced by Pacesetter
Systems, Inc.

Can NASA helpyouexpand
vour R&D capability?

As a businessman, you know
the importance of research and
development to the growth of
your company.

What you may not know is
that NAgA has a Technology
Utilization Program created to
share its research and tech-
nology with private enterprise,
the public sector and the social
sciences. This storehouse of
information can, in effect, be-
come an extension of your own
R&D efforts.

Since the inception of this
program, several thousand new
commercial and industrial
products and processes have

NASA

National Aeronautics and
Space Administration

Exploringthe universe Improving life on earth

come into being with the help
of NASA research and
technology.

Technical assistance
from NASA

NASA research and technical
thinking have influenced the
solution of innumerable com-
mercial technological problems
at important savings to com-
panies of all sizes. NASA pos-
sesses one of the world’s largest
data banks of technical knowl-
edge. More than eight million
scientific documents, related
to both space and non-space,
are available to you and your
company.

NASA also maintains a net-
work of Industrial Applications
Center at universities across
the nation. Staffed by profes-
sionals, they can provide you
with technical information to
help you overcome knotty

© 1976 SCIENTIFIC AMERICAN, INC

problems. These services are
yours at a nominal at-cost fee.

To learn more fully how the
National Aeronautics and
Space Administration can assist
you in transferring new space
technology to your own indus-
trial or commercial use, send
for the free 16-page color
booklet, “Technology Utiliza-
tion at Work:" Mail the coupon
today.

Mr. Louis Mogavero

Director, NASA T.U. Office
Box 8757

B.W.I. Airport, Maryland 21240

Please send me the free booklet.
“Technology Utilization At Work.”

Company.

Address
City

State

Zip
Typeof Business____

Your Title _

| |
| |
| |
|
| |
| |
| |
|  Name :
|
| |
| |
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A two-Plenco

(PLENCO 557 AND 509 MOLDING COMPOUNDS)

two-part

(PRESTOLITE DISTRIBUTOR CAPS AND COIL TOPS)

tory.

Familiar story. Plenco thermosetting compounds,
used here for these two ignition parts manufactured
by The Prestolite Company, Toledo, Ohio.

The distributor caps. Molded of our Plenco 557 Black.
An electrical-grade one-stage phenolic made with a special
resin for high dielectric strength at elevated temperatures
and good permanence of electrical properties. *’The
compound provides arc-resistance,’’ reports Prestolite,
“and ability to withstand severe temperature changes,
destructive carbonization, thermal shock,

and flashover."”

The coil tops. Molded of Plenco
509 Black, also an electrical-
grade phenolic. Made to with-
stand high voltage. Has good
dimensional stability, heat
resistance, fast cure. Performs
well in compression, transfer or
injection molding methods.

Get going on your own molding needs.
Give Plenco a call and more than likely
we can give you a start, one part or more,
to a happy ending.

PLENCO

THERMOSET PLASTICS

PLASTICS ENGINEERING COMPANY
Sheboygan, WI 53081

Through Plenco research ... a wide range of ready-made
or custom-formulated phenolic, melamine-phenolic and
alkyd thermoset molding compounds, and industrial resins.
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50 AND 100
YEARS AGO

| SCIENTIFICAMERICAN

SEPTEMBER, 1926: “Tennessee for-
bids the teaching of evolution in state-
supported schools. The Florida House
of Representatives passes a resolution
with similar aims. Kentucky barely de-
feats an anti-evolution bill; another is
threatened. In North Carolina the High
School Textbook Committee removes
two school books from the list—they
contained matter on evolution. In Loui-
siana an anti-evolution bill passes the
lower House, but the Senate postpones
the issue. And now comes Texas, whose
State Textbook Commission draws a
black line through every mention of the
word of evolution in biologies, substi-
tuting therefor the word ‘development.’
What next? They say that in these states
people who never before heard of evolu-
tion are inquiring into it, finding it inter-
esting. Boys; denied the forbidden sub-
ject at school, furtively read about evo-
lution from booklegged treatises, down
behind the barn, where their fathers
once read ‘Pluck and Luck,” ‘Fred Fear-
not’ and ‘Diamond Dick,’ the while
smoking cigarettes concocted of corn-
silk. To forbid is to recommend. These
state legislatures are doing a great work
for evolution.”

“The most valuable constituent of
crude oil is gasoline. At the present time
the greater part of the gasoline is recov-
ered by distillation, but of late years
there has been an increasing develop-
ment of a method of recovery known as
‘cracking,’ in which a larger percentage
of the valuable contents of the oil is re-
covered than is possible by simple distil-
lation. In the distillation process the oil
is kept in circulation through a series of
stills, and during its progress it is sub-
jected to various and increasing degrees
of heat, the different fractions being
thrown off successively as the oil is
raised to their temperature of volatiliza-
tion. In the cracking process the mole-
cules of the oil are broken up by quick
changes of temperature under pressure,
and by chemical action a larger percent-
age of gasoline is recovered than is pos-
sible by simple distillation. Today the
amount of gasoline recovered by the
cracking process represents 26.5 per
cent of the total output of gasoline.”

“Could a huge telescope, far exceed-
ing anything that now exists, be built? A
very definite answer to this question has
just been given by Mr. F. G. Pease,
whose extensive experience in connec-



tion with the design and construction of
the 100-inch telescope makes his judg-
ment second to none. According to Mr.
Pease, ‘Anything up to a telescope 100
feet in aperture can be built, provided
one wants to pay for it.” In putting his
dreams on paper he has been more mod-
erate and has made a serious and de-
tailed study of the problems presented
by a reflecting telescope 300 inches—25
feet!—in aperture. Mr. Pease estimates,
on the basis of present prices, that the
great telescope, with dome and accesso-
ries, would cost some twelve millions of
dollars. This iscertainly a great sum, but
the half million that has actually been
spent on the 100-inch telescope would
have seemed equally impossible of at-
tainment a generation or two ago. The
investment, from the standpoint of sci-
ence, would be a permanent one and
would bring in large dividends of in-
creased knowledge. One is tempted to
reflect, too, that could some future con-
ference of the great powers see its
way clear to some mutual international
agreement involving the construction of
one less battleship all around, and could
this saving be devoted to science, we
might see one such great telescope in the
United States, another on British soil,
perhaps in South Africa, and a third,
perchance in French Algeria.”

“The controversy between the respec-
tive merits of air-cooled and water-
cooled engines seems to be rapidly clos-
ing in favor of the air-cooled type. The
new ‘Wasp’ engine, built by the Pratt
and Whitney Aircraft Company, is a
case in point. The famous Liberty wa-
ter-cooled motor, which is rated at 400
horsepower, weighs 837 pounds. The
D-12 water-cooled 12-cylinder engine
delivers 425 horsepower at 2,100 rev-
olutions per minute, weighs only 720
pounds and is a marvel of engineering
skill. The ‘Wasp’ also delivers 425
horsepower at 1,900 revolutions per
minute, yet only weighs 650 pounds.
When we consider that the water-cooled
type needs a radiator, water in the cylin-
der jackets and the radiator, and a sys-
tem of pumps and piping, the whole
weighing between 150 and 200 pounds,
it can be seen that the advantage in point
of weight for the air-cooled type be-
comes very important. So far the air-
cooled engine has not achieved its full
possibilities because the designers have
not known how to cool it sufficiently for
higher compression ratios and speeds of
revolution. As its cooling becomes as
simple a matter as that of the water-
cooled type, we may expect its weight
per horsepower to go down further.”

SEPTEMBER, 1876: ‘“Professor
Graham Bell has succeeded in transmit-
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LET HIM GROW WITH A QUESTAR

A child’s wonder at the world about him can hold a promise, for many
a scientist can remember that his' present preoccupation with the uni-
verse began with an intense curiosity early in life.

Such a child will learn to master many tools, and the telescope, that
prime tool of science, should be the first. A flawless tool is an exten-
sion of the mind and hand, and a fine telescope should combine such
mechanical and optical perfection that it can serve for a lifetime and
never become a frustration whatever the critical job at hand. Questar,
the very finest, is such a tool and its lovely versatility adds an extra
dimension to many fields: astronomy, of course, but also to disciplines
that are terrestrial in nature. Whether it will be used for research, or
simply for the pure enjoyment of natural phenomenon, even indoors,
perhaps, where its high powers can focus on the web-spinning of a
house spider at a distance of ten feet, it is a gift for ever. And its easy
portability can take it wherever one travels.

What other tool could you buy a child that not only would enchant
and amuse him in his early awakening, but would continue to serve

him all his life?

© Questar Corporation 1976

The Standard Questar with its beautiful star
chart is shown above; at right is the Duplex
in the leather carrying case which complements
both models.

QUESTAR, THE WORLD’S FINEST, MOST VERSATILE
TELESCOPE IS PRICED FROM $865. SEND FOR OUR
BOOKLET IN FULL COLOR WITH 150 PHOTOGRAPHS
BY QUESTAR OWNERS. $1 COVERS MAILING ON THIS
CONTINENT; BY AIR, TO SOUTH AMERICA, $3.00;
EUROPE AND NORTH AFRICA, $3.50: ELSEWHERE, $4.

QUESTAR

Box 20G. New Hope, PA 18938




...the ideal way to buy
your presents from
The Metropolitan Museum

Every three months—four times a year—the Museum will announce
by mail remarkable new replicas—exact copies of Museum originals:
sculpture, decorative objects, tableware, and ornaments.

R The variety will be extraordinary: ancient jewelry in gold and sil-
ver; Oriental and European porcelain; early American glass in crystal
and rare colors; bronze from Egypt, Greece, China, and the medieval
world; silver, pewter, brass, and pottery from Colonial America.

%8 These copies, often produced by the same techniques used for
the originals, are made by artist-craftsmen working under the Mu-
seum’s direct supervision. The care taken in production frequently
limits the quantity, and the majority of replicas can be bought only by
mail or at the Museum. (Above: Hippopotamus, brilliant blue faience
decorated with lotus flowers. Length 8”, $19.75 plus $1.25 shipping.)

J& To receive all of the advance announcements to be issued during
the next year, send the coupon below with one dollar to cover mailing.

)‘d, On September 1, you will receive the first of these, the 116-page Christmas
Catalogue. A brilliant array of new presents includes jewelry with scarabs of
lapis lazuli and rock crystal; a medieval ivory hand mirror; early American
flowerpots; 1g9th-century glass in emerald, canary yellow and peacock blue;
a silver brandy warmer and cordial tumblers; a rare French coffee cup; a
quiche dish; art nouveau placemats; stars, snowflakes, hearts, bells and a
treetop ornament in gold and silver; a silk scarf with Chinese butterflies and
another with flowers from a Persian garden; a collection of Museum needle-
work patterns and a new cookbook, To the Queen’s Taste. In addition, there
is an unparalleled selection of Christmas cards.

THE METROPOLITAN MUSEUM OF ART
255 Gracie Station, New York 10028 1516
Please send me all advance announcements and catalogues of replicas to be

issued by the Museum during the next 12 months. One dollar to cover mail-
ing costs is enclosed.

NAME

ADDRESS

Zip
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ting the tones of the human voice by
telegraph. The apparatus used by Pro-
fessor Bell is thus described: Two single-
pole electro-magnets, each having a re-
sistance of 10 ohms, were arranged in a
circuit with a battery of five carbon ele-
ments, the total resistance being about
25 ohms. A drum made of goldbeater’s
skin, about 2%, inches in diameter, was
placed in front of each electro-magnet,
and a circular piece of clock spring was
glued to the middle of the membrane of
each drum head. One of these tele-
phones was placed in the experimental
room and the other in the basement of
an adjoining house. Several familiar
questions were, it is said, understood af-
ter a few repetitions. The vowel sounds
alone are faithfully reproduced; diph-
thongal sounds and rotund vowels are
readily distinguished, but consonants
are generally unrecognizable. Now and
then, however, a sentence comes out
with almost startling distinctness, the
consonants as well as the vowels being
clearly audible.”

“The redwood tree is a peculiarity of
California forests. Oregon, in all her
splendid groves, has none of it, nor can
Nevada boast of a single one. It belongs
to the Golden State alone, and is a dis-
tinctive resource of her fast-accumulat-
ing wealth. No other lumber splits so
true to the grain, and no other can ever
supplant it as perfectly in the uses to
which it is now devoted. For fence-posts
and railroad ties it is the most durable
wood ever found, resisting the action of
both air and water with unparalleled
stability. Santa Cruz and San Mateo are
the only counties that have an average
growth of it, and the rapid improvement
of elegant farms in those counties is fast
thinning out the towering forests. The
question is, ‘How will these forests be
replaced when they are thinned out by
the insatiable demands of a growing
commerce?’ In Japan every man who
cuts down a tree must plant another in
its stead, but no such stringent legisla-
tion prevails in this country.”

“Careful researches made by Profes-
sor A. W. Wright have shown that the
spectrum of the zodiacal light varies but
little, if at all, from the spectrum of the
sun. The conclusion is that the zodiacal
light must be that of the sun, probably
reflected from numerous small meteoric
bodies revolving around that luminary.”

“Our attention has been drawn to a
curious weapon, made for the first time
during the Franco-Prussian War and de-
vised by the celebrated iron founder,
Herr Krupp, at the request of Field-
Marshal von Moltke. It was intended to
stop the balloon post, which it will be
remembered was the only means of
communication between Paris and the
outside world during the protracted
siege of that city. The weapon is an over-



If you're an inveterate book-reader, you're prob-
ably also an inveterate book-browser who enjoys
wandering through bookstores, even library stacks.
That’s why you should know about an informative
catalog published by the Quality Paperback Book

Club.

It’s called the QPB Review and fifteen times a year
a brand new issue is sent, without charge, to QPB
members (and to no one else). Each issue features a
main Selection which members may buy at a dis-
count of 20% of an established publisher’s list price,
followed by page after page of alternate choices —
around 100 or more books in all —many of which are
also available at marked savings. QPB books are im-
portant new paperbacks, fiction and non-fiction alike.
Some are literary classics you've been promising
yourself to read. And some are hard-to-find edmons

Bonanza for browsers

Use this money-saving catalog to shop
for distinguished paperbacks.
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$1), you earn at least one Bonus Point and the
Bonus Points you accumulate entitle you to free
books and sets. (You pay only shipping charges.)

4. Return privilege. If your Review is delayed in
the mail and therefore you receive the Main Selec-
tion without having had ten days to notify us if
you did not want 1t, you may return that Selec-
tion at our expense



MATERIALS
RESEARCH
CENTER

REPORTS. .. On Photoelectrolysis:
A method for using sunlight
produce hydrogen.

Dr. A.]. Nozik and his group at the Materials Research
Center have been exploring the liberation of hydrogen from water.

The liberation of hydrogen by photoelectrolysis of water is
particularly interesting because hydrogen is valuable both as a
chemical and as a fuel, Indications are that photoelectrolysis may
represent an economically feasible alternative to present hydrogen
production techniques which involve reacting methane or coal
with steam.

Photoelectrolysis uses photoactive semiconducting electrodes
arranged in an electrochemical cell. A successful process will
require semiconducting electrode systems that respond efficiently
to sunlight, that require no external electrical bias and that are
both stable and inexpensive.

Very recently and for the first time the Nozik group has
achieved photoelectrolysis of water into hydrogen and oxygen
using simulated sunlight without the need for any external bias.
To do this a cell was made with stable n- and p-type semi-
conducting electrodes illuminated simultaneously. Theoretical
analysis of this n-p cell suggests that high conversion efficiencies
using sunlight may be possible,

Photoelectrolysis has been achieved with polycrystalline
(sputtered) semiconducting electrodes. The results compare
favorably with those obtained from cells using single crystal
electrodes. The latter are considerably more expensive.

Photoelectrolysis of H, S into hydrogen and free sulfur has
also been demonstrated. Investigations of other electrode systems
and cell reactions are continuing,

Allied Chemical Corporation/Materials Research Center
P.O. Box 1021R, Morristown, New Jersey 07960
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grown musket arranged and balanced
on a standard so as to have free vertical
as well as horizontal sweep, so that the
artillerist can easily direct it toward any
point in the sky. It was mounted on an
artillery wagon, which was very strong-
ly constructed and to which fast horses
could be attached, so that the course of
the air-ship which formed the target
could be swiftly followed, or its path
intercepted.”

“Nearly three-fifths of Photographic
Hall at the Centennial Exhibition is
filled with American photographs, and
when we cast a look over the same, we
notice instantly a great difference be-
tween the American and the European
pictures. Europe has sent, nearly exclu-
sively, plain photographs (negative re-
touches not excepted), whereas America
has exhibited a great number of life-size
pictures, executed in crayon, pastel and
oil. We see at once that the position of
the American photographer is entirely
different from that of the European one.
From him the people expect work that
in Europe would belong to the artist.”

“Arecent lecture was given by Profes-
sor Carey Foster, F.R.S., at South Ken-
sington on °‘Electricity as a mode of
power.” Dr. Siemens, F.R.S., took the
chair. Professor Foster first showed with
a number of experiments that by very
simple arrangements light bodies can be
moved by electricity. A magnet placed
vertically on pivots was made to revolve
by galvanic electricity. When a current
sets up a motion in a revolving magnet,
however, the magnet also sets up an op-
posing current. Professor Foster gave
the formula for calculating the inverse
current set up. Although we can not say
what remains to be invented, we can say
that, so far as is presently known, there
seems no reason to believe that electrici-
ty will be used as a practical mode of
power. There is always power lost by the
inverse current. Work of some kind
must be done to produce electricity, and
this can more economically be done by
employing that power directly.”

“In New York, in Philadelphia, in
Newark and in many other of the large
populous centers, the abnormal specta-
cle is now being witnessed of working
men standing together and marching in
procession to demand of the authorities
an opportunity to earn an honest living.
It is impossible not to feel the greatest
commiseration and concern for men re-
duced to this predicament. On the other
hand, the working men have nothing to
gain by closing their eyes to the truth,
namely that the terrible financial stress
of the past three years has affected ev-
eryone. It seems to us that the only sensi-
ble course at hand is for the men to bear
their misfortunes patiently and to be
content with any wages that will afford
support.”
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Our
Resident
Artist

“Back of this wine is the vintner
and his years of skill, and back of
it all are the vines, the sun, the
rain and the Master’s will.””

| This inscription was carved on an old

| 500-gallon oak cask by Earle Brown,
resident artist at our Sonoma winery.

ws " just one of our collection of over
35 carve® _J wine casks and barrels — the
| largest in the United States. Carving is
a tremendously demanding and time-
consuming art . .. like the art of making
fine wine. Each is the result of hours of
dedicated work, and the final product is
a beautiful thing to enjoy. At Sebastiani,
we are constantly striving for this kind of
beauty.
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Another of Earle Brown’s creations is

a series of carvings on a high redwood
wine vat. It tells the story of the Fran-
ciscan Fathers in the vineyards at the

| Sonoma Mission a century and a half
ago. My grandfather’s original vineyard,

| across the road from the winery was the
| first to be planted in Northern California

by the Franciscan Fathers
in 1825. We grow fine "

quality wine grapes on this
same rich land today.

Another embellished cask
includes the legend, “When
one glass invites a second,
the wine is good.” My
grandfather said that ...
and it’s the way we try
to make all of our wines.

Try our Sebastiani Zin-
fandel, and see if you
don’t agree.

Please write for our free
monthly newsletter.

AL iz

- Sebastiani

s
Sebastiani

VINEYARDS
EST.1825

P.0. Box AA, Sonoma, California 95476

18

THE AUTHORS

STERLING WORTMAN (“Food
and Agriculture”) is a vice-president of
the Rockefeller Foundation. A plant ge-
neticist by training, he holds degrees
from Oklahoma State University and
the University of Minnesota. Since join-
ing the staff of the foundation in 1950 he
has worked as a corn breeder in Mexico,
a pineapple breeder in Hawaii and a rice
breeder in the Philippines. He has been
based at the foundation’s New York
headquarters since 1966, when he be-
came director of its agricultural-sciences
division; he took up his present job four
years later. Wortman currently serves as
president of the International Agricul-
tural Development Service and as a
member of numerous boards and com-
mittees, including three for the National
Academy of Sciences: the Board on Sci-
ence and Technology for International
Development, the Committee on Schol-
arly Communication with the People’s
Republic of China and the Steering
Committee of the President’s Study on
Food and Nutrition. In past years he has
been a trustee of the International Rice
Research Institute in the Philippines,
vice-chairman of the board of trustees
of the International Maize and Wheat
Improvement Center in Mexico and a
member of the World Bank Advisory
Panel on Agriculture and Rural Devel-
opment. Among his many honors he
was the recipient last year of the Ameri-
can Society of Agronomy’'s award for
international service in agronomy.

JEAN MAYER (“The Dimensions of
Human Hunger”) is the new president of
Tufts University. Before taking office in
July he was professor of nutrition at
Harvard University. Born and educated
in Paris, Mayer served with distinction
in both the French Army and the Free
French forces during World War II. Af-
ter the war he resumed his studies at
Yale University, where in 1948 he re-
ceived a Ph.D. in physiological chemis-
try. Two years later he was awarded his
second doctorate (in physiology) by the
Sorbonne. He joined the Harvard facul-
ty soon afterward. An expert on the
problem of human obesity and the
mechanism by which the body regulates
its food intake, he has published some
650 papers and several books (the latest
of which, 4 Diet for Living, appeared in
1975). Over the years he has served as a
consultant to several United Nations
agencies, including the Food and Agri-
culture Organization and the World
Health Organization; at present he
heads the UN Task Force on Child Nu-
trition. As chairman of the National
Council on Hunger and Malnutrition in
the U.S., he played a major role in call-
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ing the nation’s attention to the nutri-
tional problems of the poor in America.
In 1969, as a special consultant to the
President, he directed the First White
House Conference on Food, Nutrition
and Health. He has since served as
chairman of the nutrition division of the
White House Conference on the Aging,
and he currently heads the health com-
mittee of the President’s Consumer Ad-
visory Council.

NEVIN S. SCRIMSHAW and VER-
NON R. YOUNG (“The Requirements
of Human Nutrition”) are members of
the Department of Nutrition and Food
Science at the Massachusetts Institute of
Technology. Scrimshaw, who holds the
rank of Institute Professor at M.I.T., has
been head of the department since 1961;
before that he served for 12 years as
director of the Institute of Nutrition
of Central America and Panama (IN-
CAP). A graduate of Ohio Wesley-
an University, he has three advanced
degrees from Harvard University: an
M.A. in biology (1939), a Ph.D. in
physiology (1941) and an M.A. in
public health (1959); he also holds an
M.D. from the University of Roch-
ester School of Medicine and Dentistry
(1945). He continues to serve as a con-
sultant to INCAP and travels frequently
to Asia to advise on nutrition and health
problems there. In addition he is a mem-
ber of a variety of advisory committees
to Government departments, interna-
tional agencies and private foundations.
Among his present posts he is chair-
man of the World Health Organization’s
Advisory Committee on Medical Re-
search, chairman of the International
Nutrition Programs Committee of the
National Research Council’s Food and
Nutrition Board and first vice-president
of the International Union of Nutrition
Sciences. Young, who is associate pro-
fessor  of nutritional biochemistry at
M.LT., was born in Wales and received
his bachelor’s degree in agriculture from
the University of Reading. His Ph.D., in
nutrition, is from the University of Cali-
fornia at Davis. Since joining the faculty
at M.I.T. in 1965 his research has tended
to concentrate on the effects of old age
on nutrient requirements and on the
question of how lifelong nutrition might
influence the rate at which the body
ages.

JULES JANICK, CARL H. NOL-
LER and CHARLES L. RHYKERD
(“The Cycles of Plant and Animal Nu-
trition”) are on the faculty of Purdue
University’s School of Agriculture. Jan-
ick, who received his Ph.D. from Pur-
due in 1954, is a professor in the horti-



| moved my company out of London because | felt we
would be happier and more productive in Warrington.

In today’s Europe, with modern transportation and communications, | realized
that the location of my company was no longer tied to the past — we could be
anywhere we chose to be.

Warrington has attracted other technology companies such as Engineering Polymers (a General Electric
affiliate), Motorola, Racal, and DuPont. We now know why.

From the day we moved into Birchwood Park, things began to go better. Perhaps it is the landscaped setting
of our new offices or the pleasant commuting through the lovely Cheshire countryside. The pace of new
ideas from my scientists and executives has quickened and our plant output has increased.

Some of the other factors that have made our move into Warrington successful are:
Easy recruitment of a workforce, with electronics know-how, from a suburban area of over 150,000 people.

A planned New Town community with housing, shopping facilities, and a well developed school system,
located half an hour’s drive from the metropolitan centres of Manchester and Liverpool.

An international airport within 20 minutes drive, that makes the occasional morning’s business in London a
short flight away.

Easy-to-work with New Town officials who provided both startup and continuing assistance to us.

n Hha L
3

Birchwood Park at Warrington — the Common Market’s newest technology centre

Warrington is at the intersection of Britain’s major north-south and east-west
motorways and railways and is served by the modern seaports of Manchester,
Liverpool and Hull. Close by are the United Kingdom Atomic Energy Authority, the
Department of Radio Astronomy at Jodrell Bank, the University of Manchester
Institute of Science and Technology, Manchester Business School, the University of
Liverpool’s School of Dental Surgery and School of Tropical Medicine. Direct flights to
all of Europe and North America are available from Manchester International Airport.

For full details on Birchwood Park at Warrington, contact Brian Standivan, Chief Estates Officer,
Warrington New Town Development Corporation, P.O. Box 49, Warrington, England WA1 2LF.
Telephone: (0925) 51144, Telex: 627225. For U.S. inquiries, please contact Graydon Associates,
Inc., P.O. Box 566, Red Bank, N.J. 07701. Telephone: (201) 741-2690 Telex: 132449

Birchwood Park, a Crossover site at Warrington, England

This material is prepared, edited, (ssued or circulated by Graydon Associates, Inc., Box 568, Red Bank, N.J. 07701, which is registerad under the Foreign Agents Registration
Act as an agent of Warrington New Town Development Corporation. This material s filed with the Department of Justice where the required reg o s lab
for public inspection. Registration does not indicate approval of the contents of this material by the Unitad States Government
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SR-52 $238.95

Texas Instruments

7]
o .
O SR-56 Hand-Held Programmabie, Magnetic Card Prograr:nnlwable
= 100-step memory .. $99.95 Software: Math, Statistics,
g . : Financial, Elec. Eng.24.95 ea.
S PC100 Printer/Security Cradle for SR-52-56 Blank Cards (40) 14.95
3 .. .14,
9 238.95
< TI-5650M Hand-held Memory Printing Calculator . . . 99.95 -
© sR-50A Scientific, 8-digit; incl. charger & case . . . . . 48.95 |gmyroe| o
SR-561A Scientific with regression & metric Conv. . .68.95
TI1-30 5-digit mant., 2digitexp. . .. ... ...... 22.80

— SEMICONDUCTOR 4%  SCIENTIST PR 4525
Z 100 step programmables with FINANCIER PR 6025

9 scientific notation STATISTICIAN PR 6035—<= $ 59.95
:: MATHEMATICIAN PR 4615 . 49.95
= SUPERSCIENTIST 4640 10-digit, regression, metric conv. . .$ 59.95
SCIENTIST 4520 8-digit mant., 2-digit exp. RPN stack .29.95

Calculators above are complete with Ni-Cd batteries, 110V Charger & Padded C
NOVUS 852 .. $24.95. .. NOVUS 4650 . . . $44.95 . . NO\?US 4620 ° a;g“ 95

Y INTRODUCING THE WORLD’S SMALLEST VIDEO GAME KIT: $64.95
p— Only kit based on a single LS| chip from o oo o . il

plete with all parts on a 3" square
General Instruments, (AY3-8500), the kit P.C. board; small enough to mount inside your
T.V. Includes RF modulator for testing.

Playina 5 games each with 8 difficulty levels
PSW-1 Stopwatch Kit - . . world’s smallest hand-held stopwatch - * + - - - $42.95

Add $2.50 Shipping/Handling; | KIM-T Microcomputer;$245.00 + $.4.50 shipping
Lanadian orders, add $5.|a complete microcomputer, fully tested & warranted

: MA!L ORDERS TO: CREDIT CARD ORDERS,

4 : CALL TOLL FREE 1-800-523-2906
hiladelphia Heritage  ayapa & Pa cALL 215925.4477, 925.9090
P.O. BOX 1770

PSYONIC

any advertised price

. . . simply clip ad
and attach to order.

PHILADELPHIA HERITAGE will match
k PHILADELPHIA, PA. 19105

This is more than
This is a growing
Give it electricity and water
and seed and a pound of plant
food a week, and THE PLANT-
WORKS will feed a famlly of

five all year round . . . easily .
for pennies a day.

\ A€
just a pretty face.
machine'!

useful light so well that no shading is ever required
to protect your plants
Send for a free catalog telling the whole story.

(Some dealerships still available. Write us on your
letterhead.)

® © 0000000060000 0 0 0 0 0
A DIRTLESS GREENHOUSE. PLANT- L] ]
WORKS is weed free, mold free and o SEND TO  THE PLANTWORKS, /
almost work free. It's simple to assemble A Division of Tiffany Industries
simple to operate . . . simple to run. ° 100 Progress Parkway L
[} [ ]
TELL IT WHAT TO DO. The automated St. Louis, Missouri 63043
control panel sets the feeding cycles, [ ] [ ]
heating, cooling, ventilating. Lock it up ° PY
and go on vacation for a week and it will Name
keep itself healthy and well fed. ° °
ABOUT OUR PRETTY FACE: it, too, is ® Address °
part of THE PLANTWORKS growing [ ] [ ]
machine. The heavy fiberglass shell not o City State Zip °
only shrugs off baseballs, hailstones and 6DF0901
tree branches, but filters and diffusesthe ©® @ © © @ © © © © © 6 6 ¢ ¢ 6 © 0 ¢ o
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culture department. A specialist in the
area of plant genetics and breeding
(chiefly fruits), he is the editor of two
professional journals (HortScience and
the Journal of the American Society for
Horticultural Science), author or coau-
thor of two textbooks (Horticultural Sci-
ence and Plant Science: An Introduction to
World Crops) and coeditor of two SCIEN-
TIFIC AMERICAN readers (Plant Agricul-
ture and Food). Noller, whose Ph.D. is
from Michigan State University, is pro-
fessor of animal sciences at Purdue. He
teaches various courses in animal nutri-
tion, with a research specialty in rumi-
nant nutrition. Much of his research has
been in collaboration with Rhykerd on
the soil-plant-animal complex. Rhyk-
erd, a 1957 Purdue Ph.D., started out as
an assistant plant breeder for the De-
Kalb Agricultural Association and Pro-
ducers Seed Company and later became
a soil scientist at the U.S. Pasture Labo-
ratory in Pennsylvania. Since 1960 he
has been a member of Purdue’s agrono-
my department, where he now holds the
rank of professor, working as a teacher
and investigator in crop physiology and
plant nutrition.

JACK R. HARLAN (“The Plants and
Animals That Nourish Man”) is profes-
sor of plant genetics in the crop-evolu-
tion laboratory of the department of
agronomy of the University of Illinois at
Urbana-Champaign. He was graduated
from George Washington University in
1938 and received his Ph.D. in genetics
from the University of California at
Berkeley in 1942. For a number of years
he worked as an agronomist for the U.S.
Department of Agriculture. He later
moved to Oklahoma, where he did re-
search at the agricultural experimental
station of the University of Oklahoma
and taught at Oklahoma State Universi-
ty. He has been a member of the Illinois
faculty since 1968. He is a past president
of the Crop Science Society of America.

ROBERT S. LOOMIS (“Agricultural
Systems”’) is professor in the department
of agronomy and range science at the
University of California at Davis. As an
undergraduate at Iowa State University
he majored in physics and minored in
botany. Deciding to try for a career in
quantitative botany, he went on to earn
his M.S. from the University of Wiscon-
sin for his work on the quantum efficien-
cy of photosynthesis. He then spent two
years in the Air Force, studying atmo-
spheric physics at the Air Force Cam-
bridge Research Center. After that, he
writes, “my wife and I returned to Iowa
for a season’s work on her father’s farm,
where I coped with milking, haying and
feeding hogs, and became convinced
that crop physiology and agriculture
were the way to go.” He went back to
Wisconsin to continue his study of bota-
ny and obtained a Ph.D. in 1956. In re-



cent years, he reports, he and his col-
leagues at Davis have concentrated on
the development of computer-simulated
models of plant growth. Loomis was the
first chairman of the ecology graduate
group at Davis and served for three
years as the director of the university’s
Institute of Ecology.

EARL O. HEADY (“The Agriculture
of the U.S.”) is Curtiss Distinguished
Professor at Iowa State University,
where he also directs the Center for
Agricultural and Rural Development.
Heady was born and raised on a farm in
Nebraska and attended the University
of Nebraska, where he acquired his
B.Sc. and M.Sc. degrees. His doctorate
is from Iowa State. A prolific researcher
and writer, he has authored or coau-
thored 17 books and more than 725
journal articles, research bulletins and
monographs. He currently serves as
vice-president of both the American As-
sociation of Agricultural Economists
and the Canadian Agricultural Eco-
nomics Association; he is also perma-
nent chairman of the East-West Semi-
nars for Agricultural Economists. In
addition to his varied activities as a
teacher, investigator and adviser on
agricultural economics in the U.S., he
notes, “I do a lot of work in develop-
ing countries, consulting with planners,
evaluating policies for economic and
agricultural development and analyzing
development in general.”

EDWIN J. WELLHAUSEN (“The
Agriculture of Mexico”) has played a
key role in promoting the “‘green revolu-
tion” in Mexico as one of the leading
agricultural investigators, teachers and
administrators in that country for more
than three decades. Before his retire-
ment five years ago he served succes-
sively as head of the Rockefeller Foun-
dation’s corn-breeding program in Mex-
ico from 1943 to 1952, director of the
foundation’s overall agricultural pro-
gram in Mexico from 1952 to 1959,
director of its International Corn Im-
provement Program from 1959 to 1963
and director general of the International
Maize and Wheat Improvement Center
from 1963 to 1971. A native of Oklaho-
ma, he was educated at the University of
Idaho, where he received a B.S. in plant
pathology and agronomy in 1932, and
at Iowa State University, where he ob-
tained a Ph.D. in plant genetics in 1936.
He taught and did research for several
years at universities in the U.S. before
joining the staff of the Rockefeller
Foundation and moving to Mexico.
Among his many contributions toward
helping Mexico to reach self-sufficiency
in food production, he has participated
in the development of some 50 high-
yielding hybrids and improved varieties
of corn. In retirement he has continued
his association with the Rockefeller

Little Maria
had been

hungry
all her life.

Maria lives in a slum in Brazil and has
suffered from malnutrition all her young
life. When she was accepted into our
CCF-assisted nutrition program, she was
about five and a half years old but was
unable to walk. She weighed only sixteen
pounds—Iess than half her estimated nor-
mal weight for a child her age.

Little Maria’s home is a four room
shack made of poles, mud and partially
covered with tiles, flattened tin cans and
pieces of scrap lumber. Holes in the walls
are patched with cardboard. She shares
this home with her mother and father, five
sisters, five brothers and a nephew.

While Maria’s father works hard, he is
totally unskilled and can only get work as
a porter, carrying immense loads on top
of his head. His income is so meager he
cannot possibly provide for his family.
Maria’s mother does not have a job and
stays home to care for the children.

Now Maria has a chance for a better
life with help from her CCF sponsor.
After she was enrolled in the nutrition
project, she showed rapid signs of im-
provement. She became able to crawl
around the recovery room. She could
smile and talk. She could even draw and
our report shows that her physical state
was improving normally. Hopefully she
will make a good recovery and the marks
of malnutrition will disappear.

But there are many other youngsters
like Maria who suffer from severe malnu-
trition and who must wait for the assis-
tance they so urgently need.You can help
such a child by becoming a CCF sponsor.
The cost is only $15 a month (tax de-
ductible) and you will have the privilege
of developing a person-to-person relation-
ship with the child you assist.

You will receive the child’s photograph,
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name and mailing address so that you can
exchange letters and cards. Most impor-
tant, you will have the satisfaction that
comes from sharing your love with some-
one who needs you. And boys and girls
like Maria urgently need your help. Mal-
nutrition can cause many permanent de-
fects even if it does not immediately lead
to disease and death.

Won’t you help? Please fill out the
coupon at the bottom of the page indi-
cating the sex and country of the child
you’d like to sponsor. In about two weeks
you will receive your personal sponsor
folder on the child who has been placed
with you.

Sponsors urgently needed in Brazil,
India, Guatemala, Indonesia and the
Philippines.

We will be glad to send you a Statement
of Income and Expense upon request.

Write today: Dr. Verent J. Mills@

CHRISTIAN CHILDREN'S FUND, Inc.
Box 26511, Richmond, Va. 23261
I want to sponsor a [] boy [] girl in

(Country)
[J Choose any child who needs my help.
I will pay $15 a month. I enclose first
payment of $. . Please send me
child’s name, mailing address and photo-
graph.

I can’t sponsor a child now but I do want
to give § .

[ Please send me more information.
Name

Address.

City
State Zip

Member of International Union for Child Wel-
fare, Geneva. Gifts are tax deductible. Canadians:
Write 1407 Yonge, Toronto, 7. $83390
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Sale! This Giant, Library Size
Unabridged Webster Dictionary
Was $59.95 — Now Only $29.95

11-Pounds, 2,336-Pages,
400,000 Definitions.

Recession Special —

Send No Money —
14-Day Free Trial —
Phone Toll Free

Can you imagine the world famous
Webster’s New Twentieth Century
Dictionary as a victim of the recession? It is true.
And just as the automakers offered rebates to drasti-
cally improve sales, so does Webster announce an
incredible half-price slash to reduce inventory and
avoid the high cost of borrowing.

This is the gigantic 11 pound, unabridged, thumb-
indexed, 2,336 page, 400,000 definition, 492 cubic
inch, WEBSTER’S NEW TWENTIETH CENTURY
DICTIONARY UNABRIDGED EDITION. Regu-
larly $59.95 now slashed to an incredibly low 529,%5.
Complete with a l92-pa%e supplement, including a
51,000 word Thesaurus of Synonyms and Antonyms,
16 full-page maps, and 64 full-page illustrations in
color. Recognized as the supreme arbiter of the
English language. Considered to be a library in itself.
Latest 1976 edition up-dated to include the newest
colloquialisms.

To get your free home or office inspection send no
money, simply call (toll free) Webster’s National

Noah Webster (1758-1843).

Father of lexicography

and inspiration for founding of
our company.

Data Centre 800-241-8444 anytime,
including evenings and weekends.
And ask for Operator 502. In Georgia
Only dial (toll free) l-800-282-13§3.
In Canada call (toll free) 1-800-261-
6362. Use your Bank Americard,
Master Charge, American Express.

Or write 'Fhe Webster Dictionary
Co. Inc.. Executive Offices: Suite 500,
Dept.112-C, 625 North Michigan Av-
enue, Chicago, Illinois 60611. Pay
postman only $29.95 plus $2.75 for
crating and freight. Or if you prefer
mail payment in full with order. On
order of six or more deduct 10%. No
Dealers, each volume specifically
stamped “Not For Resale” Illinois residents please
add 4% sales tax.

Keep it for 14 days at no risk. Thumb through it as
frequently as Kou wish. You must agree that it is the
most thorough and comprehensive dictionary ever
published. The one that defines every subtle nuance
of a living, pulsating language. A huge, handsome
volume that set on a [ibrary stand will add a touch of
grace, splendor, knowledge and erudition to your
office or den-or simply repack it in original crate and
return for full refund. We will pay the return
freight.

ou can’t lose. Clip out this message as a reminder.
This recession-induced, emergency money-raising
half price offer is for a limited time only, and may
never be repeated. Write or call now. Our toll-free
lines are open 24 hours daily, 7 days a week. Allow 3-8
weeks delivery.
© Copyright 1976 The Webster Dictionary Co. Inc.

4613

The LeicaCL.

The incomparable compact.

Although small in size and relatively small in price, the CL
should not be confused with other full frame 35mm compact
cameras. It is the only compact to offer through-the-lens
metering and interchangeable lenses. Moreover, it is a Leica;
and everything you expect a Leica to be. A superbly engineered
camera of unexcelled mechanical precision and optical quality.

In short, it is the finest compact camera in the world.

For information call 201-767-1100 or write E. Leitz, Inc.,

Rockleigh, N.J.07647,Dept. 403. In Canada,
Wild Leitz, Ltd., Willowdale, Ont. M2H2CS.
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Foundation as a special staff member.
He writes: “My wife (a Colombian citi-
zen) and I have our home in Mexico
City, but it seems we are spending most
of our time in other places in Latin
America, with special emphasis on im-
proving the production and general wel-
fare of the traditional and subsistence
farmers.”

JOHN W. MELLOR (“The Agricul-
ture of India”) is chief economist of the
Agency for International Development
(AID) of the Department of State; he is
on leave from his position as professor
in the department of agricultural eco-
nomics at Cornell University, where he
directed the Program on Comparative
Economic Development. His degrees
are from Cornell (B.Sc., 1950; M.Sc.,
1951; Ph.D., 1954) and the University
of Oxford (diploma in agricultural eco-
nomics, 1952). He has long had a special
interest in India, having lived there on
and off for a total of five years and hav-
ing visited at least once a year since
1958. His most recent book, The New
Economics of Growth: A Strategy for India
and the Developing World, sets forth an
overall development strategy based on
vigorous growth in agriculture. Before
joining AID he did consulting work for
the Rockefeller Foundation, the World
Bank, the Food and Agriculture Organi-
zation and other international develop-
ment agencies; he continues to serve as
vice-chairman of International Volun-
tary Services, a private predecessor of
the Peace Corps. His primary profes-
sional concern now, he says, is “the rela-
tion between the national objectives and
foreign-assistance program of the U.S.
and the development strategies of the
Third World.”

ROGER REVELLE (“The Re-
sources Available for Agriculture”) is a
professor at Harvard University, where
he directs the Center for Population
Studies. Before joining the Harvard fac-
ulty in 1964, he was associated for many
years with the University of California,
where he obtained his Ph.D. in 1936.
He joined the staff of the university’s
Scripps Institution of Oceanography in
1931 as a research assistant and rose to
become its director in 1951. From 1958
to 1961 he was also director of the uni-
versity’s campus at La Jolla and dean of
the school of science and engineering. In
1961 he was appointed the first science
adviser to the Secretary of the Interior,
and when he returned to California in
1963, he became dean of research for all
campuses. A wide-ranging investigator
whose research interests over the years
have included such diverse topics as the
geology of the ocean floor, the analysis
of the water resources of Pakistan and
the demographic trends of the develop-
ing world, Revelle has been a frequent



YOUR PROBLEMS ARE SOLVED...

An Advanced
Printing Calculator
with

95

a comparable $160 value

Deluxe Heavy Duty Desk top Printer, 10Digits, Memory. Percent Ke3 with Mark-
Ups and Discounts, Constants, Item Counter, Add-Mode, and Much, Much More.

You can now buy an advanced printing calcu-
lator at a price so low it makes the old fashioned
mechanical calculator seem obsolete.

For the price you'd expect to pay for a basic
adding machine, you can purchase a calculator
that will solve most business problems in seconds.
And most important, you'll have a permanent
record of your work.

A Real Problem Solver

Designed for any job, the Unitrex 10 has a keyboard
layout to meet the speed and complex demands of
every user —from the financial executive to the home-
owner balancing his checkbook. No matter how simple
or complex your needs, whether controlling a household
budget or analyzing a corporate income statement, the
model 10 will solve your problems.

Advanced Features, Advanced

Circuitry, Unbelievable Low Price

Only Unitrex, a world leader in electronic calculator
technology, could design such an advanced calculator
and offer it at such a low price. Look at these features:
10 digit capacity with high speed “silent” SEIKO printer
(only operates when numbers are entered); uses standard
adding machine paper; fully addressable four key
memory (plus accumulator switch); percent key with
both mark-up and discount capability; item counter (a
must for averaging), floating or preset 0-4 place fixed
or add-mode ($) decimal selection; constants; power
and reciprocal calculations, repeat addition and sub-
traction, credit balance, total and sub-total keys; sign
change, single and double zero entry; memory
indicator; buffered keyboard; red and black print; paper
advance; 7 ft. 3 prong wire power cord and dust cover.

THE MODEL 14. Display and
Printout. A Lot More for a Little Extra

If you'd like to get a whole lot more for a little extra,
then the Unitrex 14 was designed just for you. The 14
is an advanced model of the 10 and incorporates all of
the model 10’s deluxe features plus much more, in-
cluding a large 12 digit display. You can use the 14 as a
printer, as a fast and quiet display calculator (switch
printer off) or use both functions together and the dis-
play will keep a constant total of your work.

SIZE: 11-3/8"x10-1/4"x3-1/4"
WEIGHS 6 Ibs.

14 a 5200 value

Both Models available in 220V or 240V for foreign operation.

Advanced features also include all the features of
the 10 plus: versatile decimal system; floating 0 to 7
preset with round-off, add mode in 2 places ($) and 3
places (automatic decimal entry in mills or thousandths
.000); exchange key; advanced 6 key memory system
which permits direct addition orsubtractioninto memory
or automatic product or quotient entry into memory.

SPECIAL CHAFITZ BONUS.
Hand-held Calculator with

Memory and Percent.
If you buy either printer, you
can also purchase a new Unitrex
Model 9 calculator for only
$12.95. Features: 8 extra-large
blue fluorescent digits; memory;
percent; automatic constants; plus
square root. This little gem is
ideal for home, school, or office.
Shipped with batteries Optional
A/C adaptor $4.50.
SIZE: 5-1/2x2-1/2x7/8"

If You’re Not a Believer In 30 Days,
Just Send It Back

We're so convinced that you will find your Unitrex
printing calculator the answer to your problems that
we'll give you 30 days to put it to work on your kitchen
table balancing your checkbook or in your office com-
puting sales commissions, payroll deductions, or scruti-
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nizing a balance sheet. If you feel that your Unitrex
isn’t the finest, most versatile printing calculator for
its price, simply return the complete package for a
prompt refund. No questions asked!

Unitrex Quality, Chafitz Price, an
Unbeatable Duo

Manufactured to the very utmost quality standards,
your Unitrex Calculator is warranted for one year on
parts and 90 days on labor. Should service be needed,
your unit will be immediately repaired or replaced. A
highly unlikely event since every function of every unit
is individually checked by an expert Chafitz service
technician before it is shipped. Chafitz, one of the
world’s largest and most knowledgeable calculator
merchandisers, believes this Unitrex to be an almost
unbelievable machine. And we are pleased to present
it to you at a price that is equally incredible.

SESEEEEEEEEEEEEEEEEEI
B Rush my Unitrex Printing Calculator

Please send me the following Unitrex calculators immediately.
1 understand that if for any reason 1 am not satisfied with any of
these units, I may return them (with complete package) within
30 days for a prompt and unquestioned refund.

QUANTITY TOTAL AMOUNT
Model 10 Printing Calculator(s) at $99.95 each
Model 14 Printing Calculator(s) at $149.95 each
Model 9 Hand-held Calculator(s) at $12.95 each
1 hand-held calculator may be purchased with each printer
A/C adaptor for hand-held calculator at $4.50 each
Shipping and handling: sub-total
1 printer $3.00. Md. residents remit
Each additional printer or 4% sales tax
hand-held, $1.00 per unit. shipping and handling
TOTAI

Enclosed is my check or money order for
Please charge my Bank Americard, Mastercharge, American Express,
Diner’s Club (circle one)

MC Int. # Exp. date

NAME

COMPANY

ADDRESS

Ty STATE zie
ORDER NOW BY MAIL OR PHONE TOLL FREE

800-638-8280
MAJOR CREDIT CARDS ACCEPTED
Md,, D.C., or No. Va. Residents Call 301-340-0200
WHEN YOU THINK CALC ULATORS, THINK
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1055 First Street Dept 947 Rockville, Maryland 20850

23



‘How many other
ifetime Investments
cost Just *1750¢
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If you thought craftsmanship was dead,
you owe it to yourself to inspect the Parker 75.
Few things at any price will perform so well so long.

The Parker 75 has been called “jewelry that writes”
and ““a minor miracle in engineering.” Yet you can
own one in sterling silver for as little as $17.50. (In
other metals, for even less.)

Many of the differences that set the 75 pen apart
are not immediately evident, but each contributes to
its rare performance and confirms its reputation as a

thing of quality in a world of diminished standards.

Whether you select the 75 ball pen, fountain pen
or soft tip pen, each is a precision machine housed in
an elegant casing. It still may seem extravagant to buy
this much pen for yourself (we hope not). But its ob-
vious worth and functionality make it apparent it

would be an exceptional long-term asset.

Heres why the Parker 75 offers
substantially more for your money.

= - S
1. The distinctive Parker grid design was
inspired by a leading London silversmith.
Carved deeply into the case by a precise
sequence of beveled cuts, the design is
found on all sterling silver Parker 75 ball
pens, fountain pens and soft tip pens. The
result is a metal sculpture that provides
dozens of finger-fitting treads for easy,
certain grip.

2. Our famous arrow clip is a study in te-
nacity. Made of tough, resilient beryllium
copper and created through nine separate
stages of metalwork, it is tested to 20,000
snap actions. Clipped low and secure in a
pocket, a Parker 75 will not lose its grip.

3. The near-perfect sphere at the point of
a Parker 75 ball pen takes three weeks to
make! This intricate bit of -
powder metallurgy is a
Parker contribution to the
art of penmaking. For
smooth, even ink deliv-
ery, it must be round with-
in ten/millionths of an inch.
Microscopic texture on its
tungsten-carbide surface is formed by
something our scientists call “controlled
crater geometry.” Result is ideal grip on
paper and a clean, even line. If you think
no other ball pen writes quite like a Parker,
it’s Aot your imagination.

4. How well a ball pen writes depends as
much on the ball socket as on the ball it-
self. If the lip of this nose-cone isn’t strong
enough, it will rub against the ball. Result:
blobbing. Also, if the socket wears or cor-
rodes, you will get an uneven, ““goopy”
kind of writing. The Parker ball socket is
extremely tough, corrosion-resistant stain-
less steel. It must be this durable because
the 75 ball pen writes months longer than
the ordinary ballpoint and the socket has
to stand up throughout all that extra writ-
ing life.

(/

5. Like a fountain pen for writing with flow
and character? Remember, the nib is the
sensor of the fountain pen. For a smooth
feel and even ink flow, it must have some
flexibility. The Parker 75 nib is solid 14K
gold. Gold has the flexibility and resilience
necessary and resists corrosion.

6. Good as gold is for a nib, it would wear
down in short order if it came in contact
with the paper, a natural abrasive. This
would cause a scratchy feel and an uneven
ink delivery. So the Parker 75 nib is tipped
with a tiny pellet. This pellet is an incredi-
bly tough alloy of ruthenium and platinum
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that wears in, to your touch, but won't
wear out. Of the eight precious metals in
the world, we consider it essential to use
four in making a Parker 75 fountain pen.

7. Soft tip points can let you down. All too
often they grow limp or splay. The Parker
point is made of strong, individual strands
of nylon bonded together by a specific
trace of epoxy glue.

8. A Parker even sounds different. When a
75 cap snaps together with the working
end, a positive clutch is engaged. This
marries the two parts very firmly. The
sound, in miniature, is not unlike the
authoritative ‘thunk’ made by closing the
door of a fine sportscar.

The only thing better than one Parker 75 is
a Parker 75 set. And it’s easy to make up
exactly what you want. Just mix and match
any 75 pen, ball pen, soft tip pen or gift
pencil with any other.

Every Parker 75 is refillable and built to
last. Because we expect you, or someone
you’re fond of, to use it not just for a few
years but for a few decades.

% PARKER

World’s most wanted pens



A New Era in the
Application of Genetics
to Food Production

Sometimes sustained scientific progress over a long period causes
people to conclude that little more can be expected — that the well has
run dry.

Today, some observers of agriculture are saying that we should not ex-
pect continued improvement in food production from the application of
genetics.

We disagree. In reality, we have just begun to see the improvements
that can be made in plants and animals through the application of genetic
principles.

As an example, take hybrid corn. Since ours was the first company
formed to breed and produce hybrid corn, our researchers have con-
tributed greatly to more than tripling average U.S. corn yields in the past
50 years. Yet, recent experiments in which we measured yield increases
due only to genetic improvements show a steady one per cent annual im-
provement. And the trend line continues upward.

Similar progress — steady but seldom spectacular — is coming from
our work with sorghum, soybeans, wheat, alfalfa and cotton. Our animal
breeders continue to make progress in developing poultry and beef cattle
which can more efficiently convert feedstuffs into high quality protein.

And we may now be entering a completely new era of plant improve-
ment through the application of technics some of which have previously
been limited to microbiology. These possibilities create for modern plant
and animal breeders a new and exciting era of opportunity which could
revolutionize applied genetics and food production.

To learn more about how genetically improved plants and animals are
developed and marketed, write for a copy of “Pioneer in Agri-Genetics.”
Address: Gordon McCleary, Pioneer Hi-Bred International, Inc., 1206

Mulberry St., Des Moines, IA 50308.

PIONEER HI-BRED INTERNATIONAL, INC.
Des Moines, lowa, U.S.A.

RS o AL ek L

© Registered trademark of Pioneer Hi-Bred International, Inc., Des Moines,_ 1A., U.S.A.
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contributor to the pages of SCIENTIFIC
AMERICAN.

PETER R. JENNINGS (“The Am-
plification of Agricultural Production”)
has contributed significantly to the am-
plification of world food production in
his own career with the Rockefeller
Foundation as a breeder of improved
rice varieties. A graduate of Drew Uni-
versity, he joined the foundation in
1957, shortly after receiving his Ph.D.
from Purdue University. His assign-
ments since then have taken him to Co-
lombia, where he served as director of
the national rice program for the Minis-
try of Agriculture from 1957 to 1961, to
the Philippines, where he headed the de-
partment of varietal improvement at the
International Rice Research Institute
from 1961 to 1967, and back to Colom-
bia, where he supervised the rice-breed-
ing program at the International Center
of Tropical Agriculture from 1967 to
1975. He now works at the New York
offices of the foundation as associate di-
rector for agricultural sciences.

W. DAVID HOPPER (“The Devel-
opment of Agriculture in Developing
Countries”) is president of the Interna-
tional Development Research Centre in
Ottawa. Before returning to his native
country of Canada to take up his present
job in 1970 he had lived for most of the
previous decade in New Delhi, where he
served first as the director of evaluation
of the Ford Foundation’s Intensive Ag-
ricultural Districts Program and later
as associate field director of the Rocke-
feller Foundation’s Indian Agricultural
Program and as visiting professor of ag-
ricultural economics at the Indian Agri-
cultural Research Institute. A graduate
of McGill University, he first went to
India for an extended stay in 1953, when
he received a Social Science Research
Council fellowship to study the eco-
nomic organization of a village on the
Gangetic Plain in north-central India.
He left India two years later to continue
his graduate studies at Cornell Universi-
ty, where he obtained a Ph.D. in agricul-
tural economics and cultural anthropol-
ogy in 1957. After teaching for a time in
Canada and the U.S. he went back to
India in 1962 under the auspices of the
Ford Foundation. During the latter half
of the 1960’s he was an important figure
in the green revolution in Asian food
production, working with the World
Bank, the Asian Development Bank,
the Food and Agriculture Organization,
the major bilateral donor agencies and
Asian governments to match the needs
of programs to expand food production
with internal and external sources of in-
vestment and assistance. He is currently
chairman of the subcommittee of the
Consultative Group for International
Agricultural Research for the establish-
ment of an International Centre for Ag-
ricultural Research in Dry Areas.
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Engineering, performance, luxury, comfort. The Lancia standard for 70 years.
An international heritage of Lancia racing and car building experience culminating in a unique
driving experience. Test drive the Lancia Beta Coupe today.
The intelligent alternative to the average and the overpriced automobile.
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LANCIA BETA SEDAN
LANCIA BETA COUPE
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The intelligent alternative.

Lancia Coupe, Sedan, Scorpion, and HPE Estate Wagon. Now at your nearest Lancia deaier Cali toll free (800) 447-4700 or in lllinois (800) 322-4400.
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Almadén Vineyards, Los Gatos and Paicines, California . L ) FOLLE BLANGHE

\

CABERNET
SAUVIGNON

-

GAMAY
BEAUJOLAIS

SAUVIGNON
BLANC

very year we baby them, nurture them, keep them
growing beautifully right in our own mack wyard.

We coddle them so, we almost hate to crush them.

And we settle for nothing less than excellence in every
pottle of Almadén.

Whether it’s Pinot Noir or Chenin Blanc, or any of 26
other Almadén types, you can be sure of their quality, bottle
for bottle. The secret in growing our grapes lies right here
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JOHANNISBERG
RIESLING

2 CHEMNIN BLANC

PINOT
CHARDONNAY

E

PINOT NOIR

in our Paicines mountain vineyards, near San Juan Bautista, .
where Franciscan friars grew their wine over a hundred
years ago. It’s the cool, Pacific breeze that keeps our grapes

growing gently and gracefully, to become great wines.
So come. Come meet our

children and taste our wine. 2 ®
amdaconvie . Almaden Wines

A family of fine wines since 1852.
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Food and Agriculture

Introducing an issue about the world food problem. The situation is

hopeful, with one proviso: that the development eftorts of agrarian

countries be concentrated less on industry and more on agriculture

he world food situation is serious,
even precarious. It is also true that
the world may have, for the first
time in history, the ability to deal effec-
tively with the interacting problems of
food production, rapid population
growth and poverty. What, then, is the
moral of this issue of Scientific American
dealing with food and agriculture?
Certain facts are indisputable. The
world population was two billion in
1930, reached three billion in 1960,
stands today at four billion and is head-
ed for six billion by the end of the centu-
ry. On the other hand, the annual rate of
increase appears now to be reaching a
peak. The worldwide rate of food pro-
duction has recently been increasing
along with population. The “‘greenrevo-
lution” of the late 1960’s represented a
significant improvement in grain-crop
productivity, primarily in parts of Asia
and Latin America; China now feeds its
vast population; India has just reported
a bumper crop of grain. Yet year in and
year out much of the world cannot feed
itself and has been making ends meet
with food from diminishing surplus

by Sterling Wortman

stocks in a few countries. Hundreds of
millions of people in scores of countries
live in abject poverty, suffering from
chronic malnutrition that reinforces
their poverty and subject to calamitous
famines when their precarious food sup-
plies are reduced by drought or floods or
wars [see “The Dimensions of Human
Hunger,” by Jean Mayer, page 40].
Faced with these facts, there are seri-
ous scholars who forecast impending
starvation of major international pro-
portions. Some, pointing out that more
than enough food is being produced in
many parts of the world, advocate arad-
ical redistribution of that food from the
rich countries to the poor ones. Others
propose a different solution: they would
abandon the populations of the coun-
tries whose prospects for survival they
consider virtually nil by withholding
from them food and technical and eco-
nomic aid, sending selective help instead
only to those countries they give a rea-
sonable chance of survival. On the other
hand, many students of the problem are
optimistic that food supplies will im-
prove gradually as scientific knowledge

IMPERIAL VALLEY in south-central California is the site of the largest single expanse of ir-
rigated agriculture in the Western Hemisphere; its almost flat floor contains nearly 500,000
acres of highly productive cropland, with the major crops being barley, alfalfa, sugar beets, rye,
cotton, vegetables and livestock. The main portion of the valley extends from the Salton Sea in
the north to the Mexican border in the south. The average yearly rainfall here is about three
inches, and the temperature usually exceeds 100 degrees Fahrenheit on more than 110 days of
the year. The valley receives most of its irrigation water from the Colorado River by way of the
80-mile-long All-American Canal (dark line at lower right). The Salton Sea was formed be-
tween 1905 and 1907 when water was accidentally diverted from the Colorado into the dry,
salt-covered depression known as the Salton Sink, which was then about 280 feet below sea lev-
el. Irrigation-drainage water from the Imperial Valley and the Coachella Valley (to the north-
west) has since stabilized the saline lake against evaporation. This digitally processed false-col-
or composite image, made from data obtained by the LANDSAT 1 earth-resources satellite
on May 22, 1975, was supplied by the IBM Federal Systems Division; an enlargement of the
area in the vicinity of the border between U.S. and Mexico appears on the cover of this issue.
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and technology are widely applied to
improve agricultural productivity, as
population growth rates decline under
the impact of mass education and fami-
ly planning and also as an implicit ac-
companiment of economic advances.

The evidence assembled in this issue,
to my mind, justifies the second of the
two broad attitudes I have described,
but with an important proviso: The im-
provement will come about only if it is
actively engendered by radically new
public policies both in the rich nations
and in the poor nations themselves. It is
important to realize that the mutual re-
lations among the problems of low agri-
cultural productivity, high population
growth rates and poverty offer opportu-
nity as well as difficulty. An all-out ef-
fort to increase food production in the
poor, food-deficit countries may be the
best means of raising incomes and ac-
cumulating the capital for economic
development, and thus for moving the
poor countries through the demograph-
ic transition to moderate rates of popu-
lation growth.

Since 1798, when Thomas Malthus
published An Essay on the Principle
of Population, there have been repeated
warnings that man’s numbers, which are
subject to exponential increase, could—
or at some time surely would—overtake
food supplies, which Malthus assumed
could only increase arithmetically. Over
the years there have been localized fam-
ines and some food shortages of wider
extent: there were major shortages in the
early 1920’s following World War I, in
the late 1940’s and early 1950’s after
World War II, in the mid-1960’s after
two years of drought on the Indian sub-
continent and most recently in 1972,
when world grain production fell 35
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million tons and the U.S.S.R. bought
heavily on the international market. Yet
it was not until less than 15 years ago
that people began to appreciate the seri-
ous and chronic nature of the world
food problem.

It was in 1963 that Lester R. Brown,
who was then working in the U.S. De-
partment of Agriculture, published a
paper in which he presented projections
to the year 2000 of changes in grain pro-
duction and net trade. The projections
(not predictions but extrapolations of
the trends then current) suggested that
even though the developing countries
could be tripling their grain output by
2000, exports from developed countries
to less developed ones would need to be
more than quadrupled to meet the ever
rising demand. In a 1965 paper Brown
noted that before 1940 the less devel-
oped areas of Asia, Africa and Latin
America had all been net exporters of
wheat, rice, corn and other grains to the
more industrial nations. By the end of
World War II, however, the less devel-
oped countries had lost their surplus and
the net flow was reversed. The export of
grain from the developed world to the
less developed one rose from an average
of four million tons a year in 1948 to
some 25 million tons in 1964. Brown
concluded: “The less developed world is
losing the capacity to feed itself.” Since
then the flow of grain from a few devel-
oped countries to the developing regions
has continued to rise; indeed, in the re-
cently ended crop year it appears that
almost all the interregional grain ex-
ports came from the U.S., Canada and
Australia [see illustration on page 37).

If the grain-production trends of the
past 15 years continue, according to the
International Food Policy Research In-
stitute, the food-grain deficit of develop-
ing countries with market economies
will be about 100 million tons a year by
1985-1986. If the rather lower rate of
increase in production characteristic of
the past seven years prevails instead,
their annual deficit could reach a stag-
gering 200 million tons.

Those projections are specifically for
the poor countries that cannot produce
enough food to feed themselves. There
are developing countries (Thailand and
Argentina) that export food and a few,
such as China, that are virtually self-suf-
ficient in food. And there are many de-
veloped countries that need to import
food and are able to pay for it; there is
nothing about a localized food deficit
that foreign exchange cannot cure. The
problem, then, is centered in the devel-
oping countries with food deficits. The
complexity of the task of improving the
situation of those countries derives from
their particular characteristics.

Whereas in 1974 the per capita gross
national product was $6,720 in Swe-
den, $6,640 in the U.S., $2,770 in Italy
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and $2,300 in the USS.R., some 90
countries had a per capita product be-
low $500; about 40 of these had one
of less than $200. These are statistical
averages: in most market-economy de-
veloping countries there are sharp in-
come disparities, and income levels
among the masses of rural people are
far below any average. As a group these
countries have inadequate foreign-ex-
change reserves; many of them depend
on one raw-material export or at most a
few; their balance of trade is usually
negative and they are heavily in debt.

Developing countries are agrarian,
with from 50 to 80 percent of their
people inrural areas, often far from cen-
ters of government. For most of them
the source of livelihood is the produc-
tion of food or fiber crops or the hus-
banding of animals that are adapted to
local soil and climatic conditions. The
productivity of their crops and their ani-
mals is in most cases abysmally low.

CANADA

3

TROPIC OF CANCER

._b

MEXICO

EQUATOR

TROPIC OF CAPRICORN

The ratio of land to population is dwin-
dling; in a number of countries the
amount of cultivated land per person is
less than an acre. Even a few decades
ago food production could be increased
in most countries by bringing additional
land under cultivation or extending
grazing areas; now that option is disap-
pearing in many regions. Moreover, as
land has been divided repeatedly among
generations of heirs, most family hold-
ings have become extremely small.
The rural people have little access
to education or health care. Housing
is substandard. Life expectancy is low,
and large families have traditionally
provided a source of labor and of securi-
ty for parents in their later years. Often
out of sight and out of mind of urban-
based governments, these rural popula-
tions are the poorest of the poor.
Another handicap for many of these
countries is their small size: in almost 80
the population is less than five million,
and in more than 30 of these it is less
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IMPACT OF FOOD DEFICITS AND POVERTY is concentrated in the broad band of de-
veloping nations, as is shown in this map based on categories established by the International
Food Policy Research Institute (IFPRI). A few developed countries are major exporters of
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than a million. Such nations cannot ex-
pect to develop for themselves the full
range of scientific and other profession-
al services required in fields that are im-
portant to development; they must rely
on external resources. The develop-
ing countries’ lack of institutions and
trained personnel is exacerbated by the
fact that many of them are newly inde-
pendent. Of the countries listed by the
United Nations as being least developed
or as being “most seriously affected”
by recent economic stresses, 36 have
become independent since 1945, 29 of
them only since 1960. The departure of
the colonial powers left many of them
without the skills needed to improve
food-crop production, with weak insti-
tutions and in many cases without the
reliable market outlets or sources of
supply that had existed when they were
part of a colonial system.

Moreover, as colonies their basic

food crops and food animals had been
neglected. Many developing countries

SOUTH AFRICA

food; the rest have net food deficits but can pay to import food. Al-
most all developing countries have a food deficit and only those in
the relatively high-income category have the foreign exchange with

|8

have numerous centers for research on
coffee, cacao, oil palm, rubber and jute
and other cash export crops, but until a
few years ago there were few such cen-
ters for wheat, rice, corn, food legumes,
root crops, vegetables and other crops
essential for feeding rural and urban
populations. Even since independence
the attention of governments and indus-
try has tended to remain centered on
estate and industrial crops that can gen-
erate foreign exchange. There has been
little concern for providing the research
and training and for establishing the
market systems that characterized for-
merly successful efforts in connection
with export crops. In many of these es-
sentially agrarian countries the people
in power are military officers, lawyers,
businessmen, engineers or others who
know little about agriculture or the sci-
ence that underlies it.

Now increasing numbers of people,
most of them in the countryside, are be-
coming restless. With advances in mass

INDONESIA
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communication and in transportation
these long-neglected people are becom-
ing aware that only a small fraction of
the citizenry are enjoying the comforts
of life. Seeing no hope for themselves or
their children, they are receptive to any
ideology that offers them what they hold
most important: food, clothing, hous-
ing, health care, education, security—
and hope.

Accordingly government leaders are
being made increasingly aware that un-
less they take steps to develop their rural
areas they may well be faced with con-
tinuing unrest and violence and even
revolution. A new political will to deal
with agriculture is emerging. Trends in
world food supplies have contributed to
the new sense of emergency. With the
dwindling of reserves of grain in the
U.S. and some other food-surplus coun-
tries, many leaders of developing coun-
tries can no longer count on continuing
access to the cheap (or even free) sup-
plies that have enabled them to keep

AUSTRALIA

NEW ZEALAND

which to buy food without constraint. The United Nations has iden-
tified 43 “food-priority countries” (black disks) with especially low
incomes, inadequate diets and large projected cereal-grain deficits.
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INDEX: 1961-1965 AVERAGE = 100

food costs low in their urban areas while
continuing to neglect their agricultural
areas. With the high cost of food on in-
ternational markets requiring large out-
lays of scarce foreign exchange, some
governments are for the first time being
compelled, for political reasons, to wor-
ry about their farm populations. The re-
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duction of the surpluses could ironically
be one of the more favorable events of
recent times—if it galvanizes govern-
ments into action.

To understand the kind of action that
is required it is helpful to consider
the stages through which agricultural
systems move and the transformations

]

2025

WORLDWIDE FOOD PRODUCTION seems likely to keep up with population in the near
future. Here world population (black) and food production (color) are plotted as index num-
bers, taking the 1961-1965 averages as 100. Actual data are plotted to 1975. Thereafter three
population curves are shown: the UN high, medium (solid black) and low projections. Two
food-production projections are shown. One (solid color) assumes a linear rate of increase (as
Malthus assumed must be the case for food production); it is based on the rate of increase (an
average of three index points per year) between 1961 and 1973. Such an increase in food pro-
duction lies above the medium population projection. The other food-production curve (bro-
ken colored line) illustrates a UN Food and Agriculture Organization projection to 1985 of the
1961-1973 rate of increase, assuming an exponential rate of growth. These curves do not im-
ply that world food production will be adequate to meet worldwide need or even “demand.”
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of the current century. For thousands of
years men have practiced traditional
subsistence agriculture. Ever since hunt-
ers and gatherers took up sedentary
farming there has been a long and slow
evolution of countless systems of crop
and animal production, many of which
persist today [see “The Plants and Ani-
mals That Nourish Man,” by Jack R.
Harlan, page 88]. Traditional farming
systems involve only man, his animals,
his seed and his land, with little need for
the involvement of governments or in-
dustry or for cooperation with others.
The productivity of such systems is
largely limited by soil fertility and cli-
mate, and family income in cash or in
kind depends in part on the size of the
farm operation that can be handled with
family labor. The great bulk of the
world’s farmers still practice some form
of subsistence farming.

Asigniﬁcantly different kind of agri-
cultural development has been in-
troduced largely within this century,
based on science and technology and
generated mainly by consumer demand.
This agricultural revolution, in which
the Western nations have pioneered and
excelled, has been fostered by research
and educational institutions, industry
and public agencies, and by the efforts
of increasingly sophisticated and inno-
vative farm populations [see “The Agri-
culture of the U.S.,” by Earl O. Heady,
page 106]. The past 75 years have seen
the introduction of more efficient crop
varieties and animal strains; the devel-
opment, improvement and widening ap-
plication of chemical fertilizers and
means for controlling disease and insect
pests; the introduction of ever more
farm machinery and the trend toward
industrialized farming and other “agri-
business,” all underlain by more exten-
sive networks of roads, electric power
and communications.

What we begin to see now, and what
needs to be promoted, is not simply the
spread of this scientific-technical way of
life to the developing countries but a
new stage of deliberate, forced-pace ag-
ricultural and rural-development cam-
paigns driven by several new forces
more insistent than rising consumer de-
mand [see “The Development of Agri-
culture in Developing Countries,” by
W. David Hopper, page 196]. Literally
scores of countries are looking for
ways to raise food production, incomes
and living standards among the rural
masses, not in the 50 or 75 years such
changes required in the Western coun-
tries but in 10 or 15 years. They have no
time to lose.

The first objective must be to increase
food production, but more food is not
enough. After all, people can get food in
only three acceptable ways (if one ex-
cludes theft and violence). First, people
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who have land may be able to grow their
own food, or at least some of it for part
of the year; ways must be sought to en-
able them to increase their output. Sec-
ond, people can receive food as a gift,
but that only buys important living time
and is not a continuing solution to their
basic poverty. Third, people can buy
food if they have money, but hungry
people do not have money—in the devel-
oping countries or in the U.S. or wher-
ever else people are hungry.

Thus there are two components to
the solution of the food problem: in-
creased production of food, primarily
in the developing countries, and wide-
spread increases in family incomes, par-
ticularly among the poor. The higher in-
comes will have to come primarily from
the increased productivity and profita-
bility of agriculture, from the develop-
ment of industry (primarily labor-inten-
sive industries and particularly in the ru-
ral areas where most people live), from
employment in construction and public
works and from the generation of the
diverse services that will be in demand
as rural areas become more prosperous.

The bulk of the food supply of most
agrarian countries is produced by indi-
vidual farmers with tiny family-operat-
ed holdings. Improvement of the pro-
ductivity and income of these people
will require the introduction of new
high-yielding, science-based crop and
animal production systems tailored to
the unique combination of soil, climate,
biological and economic conditions of
individual localities in every nation [see
“Agricultural Systems,” by Robert S.
Loomis, page 98]. Needed now are
concerted campaigns to move into the
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countryside not only with knowledge of
new techniques and new varieties of
crops and animals but also with roads
and power systems, with inputs such as
fertilizers, pesticides and vaccines for
animal diseases and with arrangements
for credit and for marketing agricultural
products.

11 of this is aimed at generating the
main ingredient for rural develop-
ment: increased income for large num-
bers of farm families. Until their pur-
chasing power is increased through on-
farm or off-farm employment there can
be no solution to the world food prob-
lem. Extending science-based, market-
oriented production systems to the rural
masses can enable the developing coun-
tries to substantially expand their do-
mestic markets for urban industry. As
farm families attain larger disposable
incomes through increased agricultural
profits they can become buyers of goods
and services, providing more jobs and
higher incomes not only on farms but
also in rural trading centers and in the
cities. What I am suggesting, in other
words, is that the improvement of agri-
cultural productivity is the best route to
economic advancement for the agrarian
developing countries.

Let me mention three nonsolutions to
the problems of food and hunger that
are often proposed. Larger harvests in
the few remaining surplus-production
countries, notably the U.S., Canada
and Australia, are not a solution. Those
countries do need to improve their pro-
ductivity to create surpluses for export,
to maintain their balance of payments
and to respond when necessary to emer-
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show, however, the rise is largely nullified in developing countries,
where rapid population growth reduces production per capita (color).

gency needs for food caused by calami-
ties anywhere in the world. To continue
to allocate free or low-cost food to gov-
ernments that neglect their own rural ar-
eas, however, is counterproductive. It
simply allows governments to put off
the tedious and unglamorous task of
helping their own people to help them-
selves.

The introduction into developing
countries of Western-style, large-scale
mechanized farming is also not a solu-
tion. Such methods may be appropriate
for thinly populated areas in some coun-
tries and may help governments to get
food supplies under national control
quickly, but there remains the problem
of getting food from large farms even to
nearby individual families that have no
money to pay for it. Even if the product
of such farms were destined solely for
urban consumers, it would deprive the
smaller farmers of such markets for
their own produce. Perhaps more im-
portant, most large-scale mechanized
agriculture is less productive per unit
area than small-scale farming can be.
The farmer on a small holding can en-
gage in intensive, high-yield “garden-
ing” systems such -as intercropping
(planting more than one crop in the
same field, perhaps in alternate rows),
multiple cropping (planting several
crops in succession, up to four a year in
some places), relay planting (sowing a
second crop between the rows of an ear-
lier, maturing crop) or other techniques
that require attention to individual
plants. The point is that mechanized ag-
riculture is very productive in terms of
output per man-year, but it is not as pro-
ductive per unit of land as the highly
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intensive systems are. And it is arable
land that is scarce for most farmers in
many countries.

Finally, the advent of synthetic foods,
single-cell proteins and so on will not be
a solution. These products may prove to
be valuable additives, but they have to
be bought before they can be eaten. The
hungry have no money, and the manu-
facture of novel foods does not provide
any increase in income for the poor. The
only real solution to the world food
problem is for poor countries to quickly
increase the production of crops and an-
imals—and incomes—on millions of
small farms, thus stimulating economic
activity.

s there any hope that this can be done?

The assertion that this is the right
time for “a bold new program” is not,
after all, new. It was in 1949 that Presi-
dent Truman proposed his Point Four
technical-aid program, arguing that “for
the first time in history, humanity pos-
sesses the knowledge and the skill to re-
lieve the suffering” of the world’s poor.
Is it any more reasonable to call for a
new initiative today than it was a quar-
ter of a century ago? The fact is that
since then there have been a number of
significant and hopeful developments.

First of all, the nature of the problem
has become understood only during
the past dozen years or so. I remarked
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above that the first projections of food
requirements and deficits to the end of
the century appear to have been made
by Lester Brown in 1963 and 1965. The
first comprehensive appraisal was un-
dertaken in 1966 by some 125 American
scientists and other specialists under the
auspices of the President’s Science Ad-
visory Committee; their report titled
“The World Food Problem” appeared
in 1967. There have been many other
reviews since then, the most recent ma-
jor one being that of the World Food
Conference in 1974. In the past 10 years
the world has begun to mobilize to deal
with technical and organizational re-
quirements. The increased production
of basic food crops on all farms every-
where has at last been accepted as the
primary solution to the world food
problem.

The transfer of technology in agricul-
ture is not a simple process, however,
and the second hopeful development is
that its complexity is now reasonably
well understood. Whereas most types of
technology are widely applicable, the
biological components of agricultural
technology are not. They need to be
tailored for each locality and developed
in it.

For example, when Norman E. Bor-
laug of the Rockefeller Foundation be-
gan to work on wheat production in
Mexico in the 1940’s, he first tried to

raise the yields of local varieties by
means of good management practices
and the application of chemical fertiliz-
ers. The local plants simply grew very
tall and leafy and were heavily attacked
by rusts. He then brought in from else-
where all the varieties he thought might
possibly work in Mexico, but none of
them performed under the length-of-
day and climatic conditions and in the
face of the locally prevalent disease or-
ganisms. Borlaug had no alternative to
the slow process of breeding new wheat
varieties specifically for conditions in
Mexico. As he undertook the research
he began to train young Mexican techni-
cians and scientists in wheat improve-
ment and management and to establish
reliable sources of quality seed. When
he had developed shorter, stiff-strawed
wheat varieties resistant to disease
strains prevalent in Mexico, it became
possible to apply increasing amounts of
fertilizers and to harvest more grain in-
stead of more straw. The enhanced prof-
itability of wheat production in turn in-
duced the government and farm organi-
zations to improve irrigation systems
and the supply of necessary fertilizers
and to strengthen agricultural institu-
tions [see “The Agriculture of Mexico,”
by Edwin J. Wellhausen, page 128]. The
point is that it was basic biological tech-
nology that was holding back advances
in Mexico with wheat, as it had held
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them back in Southeast Asia with rice
and as it still is today in many areas of
the world with many crops and animals.
The great void of food-crop and ani-
mal research in tropical and subtropi-
cal areas has now been partly filled by
the establishment of 10 agricultural re-
search and training centers in Asia, Afri-
ca and Latin America, six of them since
1970. Their work is now financed by a
consortium of international agencies,
national governments and a few founda-
tions, whose support has grown from
$15 million in 1972 to $65 million in
1976. Meanwhile several national gov-
ernments, including those of Brazil, In-
dia, the Philippines and Pakistan, are
greatly intensifying their own research
efforts. For the first time in history the
generation of the needed biological
components of highly productive tropi-
cal agricultural systems is underway.

third hopeful factor is that the po-

tential for raising yields is great. As
of 1971-1973 there were 135 nations in
which corn was produced in significant
amounts. The highest national average
yield in the world was 7.2 metric tons
per hectare in New Zealand; in the U.S.
it was about 5.8 tons. Yet there were 112
countries with national-average yields
of less than three tons, 81 of them with
less than 1.5 tons! Yields of other basic
food crops and animals are similarly
low, reflecting the impoverishment of
soils from decades if not centuries of
continuous use, the failure to control
diseases and pests, the low production
potentials of native crop varieties and
animal strains, the lack of needed nutri-
ents in fertilizers or feed supplements
and other factors.

In many of the poorer countries the
application of chemical fertilizers (a
good indicator of the degree of intensifi-
cation of agriculture) is only beginning
to spread to the basic food crops. When
fertilization is combined with high-
yielding varieties and improved crop-
ping practices, yields can climb quickly
and substantially, as was demonstrated
beginning in the mid-1960’s with wheat
in India [see “The Agriculture of India,”
by John W. Mellor, page 154]. Of par-
ticular importance has been the creation
of short, stiff-straw varieties of wheat
and rice, called semidwarfs. Such va-
rieties can utilize higher applications of
nitrogen and other nutrients for the
production of grain more efficiently
than typical native varieties, which tend
to grow excessively tall when they are
heavily fertilized and to “lodge,” or fall
over, well before harvesting, reducing
yields. For similar reasons plant height
has been shortened and stalks stiffened
in other grains, including corn, sorghum
and barley. When high-yielding varie-
ties are grown as dense populations,
with an adequate supply of nutrients
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and moisture, expenditures to control
diseases and insect pests often pay off
handsomely, whereas at the lower-yield
levels of traditional agriculture they
would not. These new varieties have
been the catalysts of the agricultural
revolution [see “The Amplification of
Agricultural Production,” by Peter R.
Jennings, page 180]. Higher yields re-
sult, however, when such varieties are
grown in combination with fertilization,
disease and pest control, higher-density
planting and other measures.

A fourth new element is the availabili-
ty for the first time of chemical fertiliz-
ers in sufficient quantity for widespread
basic food-crop production in the devel-
oping countries. At the turn of the cen-
tury the total world output of chemical
nutrients was only about two million
tons per year. It crept up to about 7.5
million tons by the end of World War II.
Then, from 1945 to 1955, production
tripled to 22 million tons. In the next
decade it doubled again, and now it is
appoaching 80 million tons per year.
Chemical fertilizers generally can be
utilized only in market-oriented systems
in which a portion of the harvest is sold
to cover the cost of the purchased in-
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puts. Once limited to the production of
luxury, high-value cash crops, the appli-
cation of fertilizers was extended first to
grain crops in the U.S. and Europe. We
now understand that the green revolu-
tion was simply a significant extension
of the agricultural revolution that had
begun in the industrialized countries.
Fifth, it has been demonstrated that
governments can take effective action if
the will exists, and that many farmers
will adopt new technology given reason-
able opportunities to do so. When India
in the 1960’s successfully introduced
high-yielding crop varieties, fertilizers
and management practices on some 13
million hectares in five years, it demon-
strated that given the availability of
technology a government can increase
agricultural productivity rapidly if it
wants to, and that farmers will accept
more productive and profitable systems
if they can. There have been subsequent,
less dramatic successes in Pakistan,
Algeria, the Philippines, Malaysia and
elsewhere. It is only in recent years that
there has been evidence that small farm-
ers as well as those with larger landhold-
ings can be benefited if scientific and or-
ganizational efforts are genuinely direct-
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UPWARD TREND of yields of rice (black) and wheat (color) in several Asian ‘“green revolu-
tion” countries is due primarily to introduction of high-yielding varieties, more fertiliza-
tion and better farming practices. Year-by-year fluctuations are caused by weather variations.
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ed to their particular needs. Such efforts
did not begin on a substantial scale until
the late 1960’s.

Sixth, there is now in operation a
functioning network of financial institu-
tions, including the World Bank, the In-
ter-American Development Bank, the
Asian Development Bank, the African
Development Bank and a number of
Common Market banks, as well as na-
tional agricultural banks in many of the
poorer countries. During the past three
or four years most major financial in-
stitutions have substantially increased
their emphasis on agricultural and rural
development. The world now has in op-
eration most of the institutions needed
to finance major agricultural efforts.
Most of these institutions did not exist in
President Truman’s time; the few that
were established then had limited funds
and their early emphasis generally was
on industrial development rather than
agricultural.

Seventh, an impressive (but still in-
adequate) array of institutions has
emerged to assist developing countries
with the technical and managerial devel-
opment of national programs, in some
cases also offering financial aid for
worthy projects and programs. Among
them, in addition to the UN Food and
Agriculture Organization, are agencies
for bilateral aid in 16 or more industrial-
ized nations and the staffs of the World
Bank and regional banks. The Ford,
Kellogg and Rockefeller foundations
have active programs. Canada’s Inter-
national Development Research Centre
has become a leading force. A new, pri-
vate professional-assistance organiza-
tion, the International Agricultural De-
velopment Service, began operations in
1975. Additional sources of assistance
are supported by industry.

Of particular importance is the free-
dom, only recently gained, of some na-
tional agencies to support work aimed
directly at increasing the production of
basic food crops. The U.S. Agency for
International Development, for exam-
ple, was constrained politically until
1969 (as was Canada’s comparable
agency) by reluctance to become in-
volved in direct, visible efforts abroad to
increase productivity of the basic food
crops, particularly the cereal grains.
There was a general belief both in and
out of government that other nations
should not be encouraged to increase
production of those crops for fear of
competition with U.S. efforts to sell its
surplus stocks or even give them away!
For example, it was not until the last
week of President Johnson’s administra-
tion that the AID undertook to provide
financial support for the International
Rice Research Institute in the Philip-
pines and the International Maize and
Wheat Improvement Center in Mexico.



TWO WHEAT VARIETIES grow side by side in a field at the In-
dian Agricultural Research Institute near New Delhi. The plants at
left have “lodged”: having been heavily fertilized, they have grown
too tall, and the stalks have bent over so that some ears of grain will

By that time it had become apparent
that mounting deficits in the developing
countries would soon exceed the pro-
duction capacity of the U.S. and the few
remaining surplus producers, and it was
becoming clear that much of the hope
for expanding international markets of
all types rested on improving the eco-
nomic position of many agrarian coun-
tries. That the U.S. and Canadian agen-
cies were not able directly and openly to
help other nations increase their basic
food-crop production gave them a late
start on the problem—a mere seven
years ago. The handicap has since been
overcome, and the agencies have re-
sponded with improved effectiveness.
Another important handicap remains.
Most European and North American
institutions and individuals have had lit-
tle opportunity to gain experience in or-
ganizing deliberate campaigns for agri-
cultural development. That is under-
standable. For many of the past 20 or 30
years the US. and Canada have had
problems of surplus production; there
has been no need for public agencies or
universities to become involved in cam-
paigns at home to raise agricultural pro-
duction. Moreover, these countries have
an abundance of farm entrepreneurs
who are researchers and innovators in
their own right, who seek out the prod-
ucts of research laboratories and experi-

ment stations and put them together into
highly productive systems at the indi-
vidual farm level. Such well-educated
and exceptionally skilled farm entrepre-
neurs are scarce in most of the develop-
ing countries. Those who provide tech-
nical assistance will need to devise agri-
cultural and rural-development systems
for large numbers of people who are in-
telligent but uneducated, and who are
therefore unable to undertake on their
own the innovation required at the farm
level.

Eighth, some governments of low-in-
come countries are showing a new deter-
mination to develop their rural areas,
with emphasis on the increased produc-
tion of basic food commodities, the pro-
motion of labor-intensive industry in ru-
ral areas and the extension of input sup-
plies and marketing channels into areas
where none have existed before.

Finally, there still remain considera-
ble amounts of arable but currently un-
cultivated land that can be brought into
production, except perhaps in Europe
and parts of Asia [see “The Resources
Available for Agriculture,” by Roger
Revelle, page 164].

Well-organized campaigns are need-
ed now to force the pace of agri-
cultural development at a rate with
which few nations anywhere have had
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break off and others may be damaged. The plants at the right have
not lodged; they are newly developed varieties that have three genes
for dwarfism. Resistance to lodging is critical because it makes pos-
sible the heavy fertilization that results in higher yields per hectare.

any experience. The key elements in
such campaigns are inputs of biological
technology and of capital for building
the infrastructure to support rural de-
velopment. I have emphasized that the
poor countries must do much for them-
selves, but they need massive help from
the affluent world. For us in the U.S.
that calls for a much more serious effort
to direct scientific knowledge and tech-
nical skills, as well as money, specifical-
ly toward foreign rural-assistance pro-
grams.

Clearly more is at stake than the al-
leviation of world hunger, crucial as
that is. Improving productivity in devel-
oping countries can provide millions of
people not only with food but also with
housing, clothing, health care, educa-
tion—and hope. Enhanced agricultural
productivity is the best lever for eco-
nomic development and social progress
in the developing world, and it is clear
enough that without such development
and progress there can be no long-term
assurance of increased well-being or of
peace anywhere in the world. The exis-
tence of new technological, financial
and organizational capabilities offers a
magnificent opportunity, although per-
haps a fleeting one, to take effective ac-
tion. The crucial question is whether or
not governments will have the wisdom
to act.
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The Dimensions of Human Hunger

The number of people who are poorly nourished or undernourished

can only be roughly estimated, but they probably represent an eighth

of the human population. Most of them are found in Asia and Africa

though it is, can at least be at-

tacked straightforwardly. A fam-
ine occurs in a definable area and has a
finite duration; as long as food is avail-
able somewhere, relief agencies can un-
dertake to deal with the crisis. Malnutri-
tion, on the other hand, afflicts a far
larger proportion of mankind than any
famine but is harder to define and at-
tack. Only someone professionally fa-
miliar with nutritional disease can accu-
rately diagnose malnutrition and assess
its severity. Malnutrition is a chronic
condition that seems to many observers
to be getting worse in certain areas. In
one form or another it affects human
populations all over the world, and its
treatment involves not mobilization to
combat a crisis but long-term actions
taken to prevent a crisis—actions that
affect economic and social policies as
well as nutritional and agricultural ones.
In the background always is the concern
that too rapid an increase in population,
combined with failure to keep pace in
food production, will give rise to massive
famines that cannot be combated.

The statistics with which the public is
bombarded are of little help. What is the
layman to make of statements that a bil-
lion people suffered from hunger and
malnutrition last year, that 10 million
children the world over are so seriously
malnourished that their lives are at risk,
that 400 million people live on the edge
of starvation, that 12,000 people die of
hunger each day and that in India alone
one million children die each year from
malnutrition? If the world’s food prob-
lem is to be brought under control, and I
believe it can be, we must first draw con-
ceptual boundaries around it and place
it in a time frame as we would a famine.

Famine, fearsome and devastating

First, then, just what is the chronic
hunger of malnutrition and how
widespread is it? The first part of the
question can be answered with assur-
ance; the second, in spite of the statistics
cited in the preceding paragraph, is real-
ly a matter of informed guesswork.
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by Jean Mayer

Malnutrition may come about in one
of four ways. A person may simply not
get enough food, which is undernutri-
tion. His diet may lack one essential nu-
trient or more, which gives rise to defi-
ciency diseases such as pellagra, scurvy,
rickets and the anemia of pregnancy due
to a deficiency of folic acid. He may
have a condition or an illness, either ge-
netic or environmental in origin, that
prevents him from digesting his food
properly or from absorbing some of its
constituents, which is secondary malnu-
trition. Finally, he may be taking in too
many calories or consuming an excess
of one component or more of a reason-
able diet; this condition is overnutrition.
Malnutrition in this sense is a disease of
affluent people in both the rich and the
poor nations. In countries such as the
U.S. diets high in calories, saturated
fats, salt and sugar, low in fruits and
vegetables and distorted toward heavily
processed foods contribute to the high
incidence of obesity, diabetes, hyperten-
sion and atherosclerotic disease and to
marginal deficiencies of certain miner-
als and B vitamins. Bizarre reducing
diets, which exclude entire categories of
useful foods, are self-inflicted examples
of the first two causes of malnutrition.
The nutritional diseases of the affluent
are not, however, the subject of this arti-
cle. In areas where the food supply is
limited the first three causes of malnutri-
tion are often found in some combi-
nation.

In children a chronic deficiency of cal-
ories causes listlessness, muscle wastage
and failure to grow. In adults it leads to
a loss of weight and a reduced inclina-
tion toward and capacity for activity.
Undernourished people of all ages are

more vulnerable to infection and other
illness and recover more slowly and
with much greater difficulty. Children
with a chronic protein deficiency grow
more slowly and are small for their age;
in severe deficiency growth stops alto-
gether and the child shows characteris-
tic symptoms: a skin rash and discolora-
tion, edema and a change in hair color to
an orange-reddish tinge that is particu-
larly striking in children whose hair
would normally be dark. The spectrum
of protein-calorie malnutrition (PCM,
as it is known to workers in the field)
varies from a diet that is relatively
high in calories and deficient in protein
(manifested in the syndrome known
as kwashiorkor) to one that is low in
both calories and protein (manifested in
marasmus).

Although protein-calorie malnutri-
tion is the most prevalent form of under-
nourishment, diseases caused by defi-
ciencies of specific vitamins or minerals
are also widespread. It is true that the
prevalence of certain classic deficiency
diseases has decreased drastically since
World War II. Beriberi is now rare and
pellagra has been essentially eradicated,
at least in its acute form; rickets is seen
mostly in its adult form (osteomalacia)
in Moslem women whose secluded way
of life keeps them out of the sun, and
scurvy is unlikely to be seen except in
prisoners who are not provided with
enough vitamin C. In contrast, blindness
caused by the lack of vitamin A occurs
with particular frequency in India, Indo-
nesia, Bangladesh, Vietnam, the Philip-
pines, Central America, the northeast of
Brazil and parts of Africa. In remote
inland areas (central Africa, the moun-
tainous regions of South America and

POOR ALABAMA FARM FAMILY OF 1936 was photographed by Walker Evans for the
Farm Security Administration of the Department of Agriculture. The farmer was Bud Fields,
who lived in Hale County, in the west-central part of the state. In the intervening 40 years
much of the poverty in the area has been eliminated by development programs such as the
Tennessee Valley Authority. Here, as in areas of developing countries where hunger is endem-
ic today, effects of malnutrition were severest among pregnant women and growing children.
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the Himalayas) goiter, the enlargement
of the thyroid resulting from a deficien-
cy of iodine, is common. The World
Health Organization estimates that up
to 5 percent of such populations are af-
flicted with cretinism, the irreversible
condition caused by iodine deficiency in
the mother before or during pregnancy.
From 5 to 17 percent of the men and
from 10 to 50 percent of the women in
countries of South America, Africa and
Asia have been estimated to have iron-
deficiency anemia.

The human beings most vulnerable to
the ravages of malnutrition are infants,
children up to the age of five or six and
pregnant and lactating women. For the
infant protein in particular is necessary
during fetal development for the gener-
ation and growth of bones, muscles and
organs. The child of a malnourished
mother is more likely to be born prema-
turely or small and is at greater risk of
death or of permanent neurological and
mental dysfunction. Brain development
begins in utero and is complete at an

early age (under two). Malnutrition dur-
ing this period when neurons and neu-
ronal connections are being formed may
be the cause of mental retardation that
cannot be remedied by later corrective
measures. The long-term consequences,
not only for the individual but also for
the society and the economy, need no
elaboration.

Growing children, pound for pound,
require more nutrients than adults do. A
malnourished child is more susceptible
to the common childhood diseases, and
illness in turn makes extra demands on
nutritional reserves. In addition many
societies, still believing the old adage
about starving a fever, withdraw nour-
ishing foods from the child just when he
needs them most, thus often pushing
him over the borderline into severe mal-
nutrition. So common is the cycle of
malnutrition, infection, severe malnu-
trition, recurrent infection and eventual
death at an early age that the death rate
for children up to four years old in gen-
eral, and the infant mortality rate in par-
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ticular, serve as one index of the nutri-
tional status of a population as a whole.
For infants less than a year old the death
rate is about 250 per 1,000 births in
Zambia and Bolivia, 140 in India and
Pakistan and 95 in Brazil (for all its
soaring gross national product). The
rate in Sweden is 12 per 1,000 births; in
the U.S. the average is 19, but in the
country’s affluent suburbs the rate
equals Sweden’s, whereas it rises to
about 25 in the poor areas of the inner
cities and as high as 60 for the most
poverty-stricken and neglected mem-
bers of the society: the migrant farm
workers.

How reliable the figures for the devel-
oping nations are, however, is an-
other matter. In most instances statis-
tical reporting is as underdeveloped as
the rest of the economy. Deaths, partic-
ularly of one-day-old infants, often go
unreported. In all probability the rates
are higher than the ones I have cited.
More precise nutritional assessments




are attempted in two ways. One is
to construct a “food balance sheet,”
which puts agricultural output, stocks
and purchases on the supply side and
balances them against the food used for
seed for the next year’s crop, animal
feed and wastage and hence derives an
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CANADA

estimate of the food that is left for hu-
man consumption. That amount can
then be matched against the United Na-
tions Food and Agriculture Organiza-
tion’s tables of nutritional requirements
to obtain an estimate of the adequacy of
the national diet.

M
o

ARGENTINA

This method has a number of draw-
backs. For several reasons it tends to
result in underestimates. One is that it is
difficult to estimate the agricultural pro-
duction in developing countries with
any degree of accuracy. Farmers have
every incentive to underestimate their

UK

ALBANIA

SPAIN

SOUTH
AFRICA

LEVEL OF ENERGY obtained from food is portrayed on a map
where the area of each nation is proportional to its population. Can-
ada, for example, occupies a large area but has a relatively small pop-

ulation, whereas Japan has a large population in a relatively small
area. The level of energy intake is indicated by the presence or ab-
sence of color. In the countries shown in dark color the average calo-
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crop: they may be able to reduce taxes
and the obligatory payment of crops (of-
ten as much as 60 percent of the harvest)
inrent to the landlord. Second, the foods
included in the balance sheet tend to be
the items that figure prominently in
channels of trade: grain, soybeans and

large livestock. Other farm products—
eggs, small animals, fruits and vegeta-
bles—vital to a good diet but grown for
family consumption or sold locally are
almost impossible to count and so are
ignored.

On the other hand, the balance-sheet

U.S.S.R.

rie intake is less than adeq

te. (An adeq

te intake is defined by
United Nations agencies as being about 3,000 calories per day for a
man and 2,200 for a woman.) In the countries indicated by the light

CHINA
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AUSTRALIA

method has certain tendencies toward
overestimates. For example, it is ex-
tremely difficult to estimate the posthar-
vest loss of crops to insects, rodents and
microorganisms. The loss is known to be
close to 10 percent for the U.S. wheat
crop and is probably higher for other

]

color the average calorie intake is adequate or as much as 10 percent
above adequate, and in the countries represented in white the av-
erage calorie level is higher than adequate by at least 10 percent.
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AVAILABILITY OF CALORIES AND PROTEIN is portrayed
for the developed and developing regions and for several specific de-
veloping regions. The figures reflect the average daily diet per per-

crops, even with the advanced technolo-
gy available. In some tropical countries
the loss can run as high as 40 percent.
For all these reasons figures on food
production do not provide a particularly
accurate index of the amount of food
actually available for consumption or
the types of food actually consumed,
and they make no attempt to differenti-
ate patterns of consumption within a
population. They do, however, provide
rough estimates of the state of nutrition
by regions [see illustration on preceding
two pages).

The second way of estimating the de-
gree of malnutrition within an area is to
extrapolate from data compiled from
hospital records and cross-sectional sur-
veys. Statistics on illness, however, tend
to be as unreliable as mortality statistics.
The criteria for admission to a hospital
on the basis of malnutrition vary from
country to country; the records from
rural areas may be sparse; the poor,
among whom malnutrition and its relat-
ed conditions are most likely to be
found, are the least likely segment of the
population to seek medical help, and if
they do seek such help, the condition
may then be so far advanced that the
diseases associated with malnutrition,
such as infantile diarrhea and pneumo-
nia, may claim all the physician’s atten-
tion, so that he misses or ignores the
underlying cause.

Projections based on the results of
77 studies of nutritional status made
among more than 200,000 preschool
children in 45 countries of Asia, Africa
and Latin America place the total num-
ber of children suffering from some de-
gree of protein-calorie malnutrition at
98.4 million. Percentages ranged from 5
to 37 in Latin America, from 7 to 73 in
Africa and from 15 to 80 in Asia (ex-
cluding China). These surveys, howev-
er, did not employ standardized proce-
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dures. In some of them clinical as-
sessments were made and in others the
children were measured against inter-
national weight tables. Thus, although
the general indications of such studies
are useful, figures derived from them
are rough at best. In order to assign
reliable figures to the degree of hunger
and malnutrition in the world today we
would need large-scale surveys that in-
cluded both clinical examinations based
on an established definition of malnutri-
tion and individual consumption sur-
veys that determine the amount and
types of food eaten and the distribution
of food within each family unit.

Even if the figures derived by these
methods are doubtful, the situation
they reflect is clear. In my judgment it
would seem reasonable to set the num-
ber of people suffering from malnutri-
tion at 500 million and to add to that
another billion who would benefit from
a more varied diet. The largest concen-
tration of such people is in Asia, South-
east Asia and sub-Saharan Africa. Clini-
cal surveys and hospital records indicate
that malnutrition wherever it exists is
severest among infants, preschool chil-
dren and pregnant and lactating women;
that it is most prevalent in depressed ru-
ral areas and the slums of great cities;
that the problem is lack of calories as
much as lack of protein; that (except in
areas where the people subsist largely
on manioc or bananas) where calories
are adequate protein tends to be ade-
quate too, and that although a lack of
food is the ultimate factor in malnutri-
tion, that lack results from a number of
causes, operating alone or in combina-
tion. A nation may lack both self-suffi-
ciency in food production and the mon-
ey to buy food or to provide the farm
inputs necessary to increase production;
the poorer members of the population
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son in the various regions and are based on data assembled by the In-
ternational Task Force on Child Nutrition for the UN Children’s
Fund. The figures for Asia refer to the centrally planned economies.

may lack income to buy the food that is
available, and regional factors, such as
customs in child-feeding and restric-
tions on the movement of supplies, may
prevent the food from getting to the peo-
ple who need it most.

On the basis of these findings one can
divide the nations of the world into five
groups. The first group consists of the
industrialized nations, where food is
plentiful but pockets of poverty persist.
Here governments are able to deal with
problems of malnutrition through food
assistance to the poor, nutrition and
health programs and nutrition-educa-
tion programs. The chief members of
the group are the U.S., Canada, the
nations of Western Europe, Japan, Aus-
tralia, New Zealand, Hong Kong and
Singapore.

The second group consists of the na-
tions with centrally planned economies,
where whatever the economic philoso-
phy the egalitarian pattern of income
distribution together with government
control of food supplies and distribution
have seemed in the past few years to
insure the populations against malnutri-
tion due to hunger. In this category are
mainland China, Taiwan, North Korea,
South Korea, North Vietnam and South
Vietnam. In the third group are the na-
tions of the Organization of Petroleum
Exporting Countries (OPEC), whose
overall wealth is undeniable but whose
pattern of income distribution does not
ensure that this wealth will benefit the
poor. Fourth is a group of countries in
Asia, the Near East, Central America
and South America that are already self-
sufficient or almost self-sufficient in
food production at their present level of
demand. The demand, however, is im-
peded by an uneven distribution of in-
come that is reflected in malnutrition in
large segments of the population. Brazil,
for example, has the highest economic



growth rate in the world, but malnutri-
tion is rampant in the northeast and
widespread in the shantytowns sur-
rounding the large cities.

The fifth group includes the nations
the UN designates as “least developed.”
They have too few economic resources
to provide for the people in the lowest
income groups. Many of the countries
are exposed to recurring droughts,
floods or cyclones; some are ravaged by
war. All 25 of the least developed na-
tions are poor in natural resources and
investment capital.

Eoking back today, it seems incredible
that in 1972 it appeared the world
might soon, for the first time, be assured
of an abundant food supply. The new
wheat varieties of the “green revolu-
tion” had taken hold in Mexico and
northwestern India, and the new varie-
ties of rice developed in the Philippines
promised a high-yield staple crop for the
peoples of Southeast Asia. The harvest
from the seas was still rising spectacu-
larly (from 21 million metric tons in
1950 to 70 million in 1970—a steady in-
crease of about 5 percent per year, out-
stripping the world’s annual population
increase of 2 percent). The worldwide
production of grain was rising by an av-
erage of 2.8 percent per year, and there
were substantial reserves in the form of
carry-over stocks held by the principal
exporting countries and of cropland
held idle in the U.S. under the soil-bank
program. The prospect was so rosy that
the FAO suggested in 1969 that the food
problems of the future might be those of
surplus rather than shortage.

Although two sudden and short-term
simultaneous crop failures in a number
of areas and the sharp rise in oil prices
were the immediate cause of the food
crisis of 1972-1974, it has since become
clear that four long-term factors that
had been building up quietly for a long
time were in any case about to alter
the hopeful situation permanently. (The
first short-term reversal, a reduction of
crops in several parts of the world be-
cause of unfavorable weather in 1972,
gave rise to a second: the massive
purchases of grain by the U.S.S.R.
that eliminated American reserves and
caused the international prices of wheat,
corn and rice to rise sharply. Moreover,
the increase in oil prices effectively put
the green revolution out of the reach of
such countries as India, Pakistan and
Bangladesh, which are poor in petro-
leum and other resources and have gone
about as far as they can in increasing
yields with traditional methods of farm-
ing. The increase in oil prices also dis-
located the economies of the wealthy
nations, reducing their contributions to
international aid.)

Even though the situation is less seri-
ous now than it was in 1974, it is more
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NUTRITION AND NATIONAL ECONOMY are compared in a chart that lists countries ac-
cording to their gross national product as apportioned on a per capita basis. The bars at the left
show the average daily calorie intake of the people in each country. In the bars at the right the
full length of the bar represents the average daily protein intake of each person in grams per
day, and the colored portion of the bar indicates how much of that intake is animal protein.
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precarious as a result of the long-term
factors. The primary long-term factor is
the growth of the human population: 80
million people per year, the equivalent
of the population of the U.S. every 30
months. Moreover, the population is
growing most rapidly in the areas that
are experiencing the greatest nutritional
difficulties.

In considering the effects of popula-
tion growth, however, one must bear in
mind the phenomenon known as the de-
mographic transition. It is the process

whereby societies move from a stage of
high birth and death rates to one of low
birth and death rates. Usually the de-
cline in death rates precedes the decline
in birth rates by from one generation to
three generations. On both sides of the
transition the result is a stable level of
population. The developed countries
have made the transition or are well
along in it; the developing countries are
now making the transition but have trav-
eled varying distances through it.
Alongside the inequality in population

PRODUCTION FAILED TO EQUAL
POPULATION GROWTH
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growth as a long-term factor affect-
ing the food supply is an even greater
inequality in the patterns of producing
and utilizing food. It appears to be his-
torically inevitable that as people or so-
cieties become wealthier their consump-
tion of animal products increases. This
means that more of their basic food-
stuffs (grains, legumes and even fish)
that could feed human beings directly
are instead fed to domesticated animals
such as cattle and chickens. The efficien-
cy of the conversion of plant food into

PRODUCTION GROWTH FAILED TO
EQUAL GROWTH OF DOMESTIC DEMAND
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TRENDS IN FOOD PRODUCTION are traced for 71 developing
countries on the basis of how each country’s average annual change
in food production (an increase for every country except Algeria)
compares with the country’s change in population and in domestic
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demand for food, a category that reflects not only increases in popu-
lation but also the economic status of the people and their changes in
preferences for food, as in a tendency to eat more meat. Each bar re-
flects an average annual percentage change for the period from 1953




animal food varies with the animal
product but is in no case higher than the
level of about 25 percent attained in
milk and eggs.

The net effect of this trend is that rich
countries consume far more food per
capita than poor ones. For example, it
has been estimated that in China each
person is adequately fed on 450 pounds
of grain per year; 350 pounds are con-
sumed directly as cereal or cereal prod-
ucts and 100 pounds are fed to domesti-
cated animals. In the U.S. the average
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individual consumes more than 2,000
pounds of grains per year; 150 pounds
are eaten directly (as bread, pasta,
breakfast cereal and the like) and the
rest, more than 90 percent of the total, is
fed to animals.

he third source of pressure on the
world’s food supply has been the di-
minishing effectiveness of the fishing in-
dustry, an important source of protein
for many poor nations. In 1970 and
1971 the total catch remained steady at

about 70 million tons. It dropped ab-
ruptly in 1972 to less than 55 million
tons. The reasons for the decline are
overfishing and pollution.

Finally, it has become apparent that
the “miracle” of the green revolution re-
quires more time, more work and more
capital than was thought in the first flush
of enthusiasm. I shall not elaborate on
this point, since the green revolution is
discussed in other articles in this issue.
In sum, the situation as it exists today
is precarious but manageable, barring

PRODUCTION GROWTH EQUALED OR EXCEEDED
GROWTH OF DOMESTIC DEMAND
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through 1971. In the group of 24 nations beginning with Algeria and
ending with the Philippines the rise in food production failed to keep
pace with the growth of population. In the next 17 nations (Argen-
tina through Panama) the growth of food production exceeded the
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population growth but fell short of the change in domestic demand.
In the final group of 30 nations (from Angola through Venezuela)
the rise in food production exceeded population growth and rise in
domestic demand. Data are from UN Economic and Social Council.
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some catastrophe such as a massive crop
failure in the U.S., which is currently the
granary of the world.

What of the future? Let us first con-
sider three advances that could be made
in dealing with famine. Their common
aim is to sight and attack incipient fam-
ines in an early stage of development.

The first requirement is an early-
warning system. It would employ
weather satellites, economic indexes
(such as the movement and amounts of
food in a region) and clinical indicators.
One of the most sensitive clinical indica-
tors is provided by the charted weight
and growth curves for children in the
most vulnerable socioeconomic sectors
of a society.

The second requirement is a perma-
nent small international organization
that would keep track of such informa-
tion for every region and monitor it for
any sign of an impending emergency.
The agency would maintain manuals on
how to proceed against disaster and
famine, would hold periodic training
sessions for key people from each na-
tion, would draft contingency plans
(listing likely requirements and sources
of food, medicine, transportation and
personnel) and would explore such mat-
ters as stockpiling essential supplies and
setting up alternative systems of distri-
bution. In an emergency the organiza-
tion would stand ready to assist a na-
tional relief director.
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WORLD FISH CATCH appears to have stabilized at about the level of 1970 after declines in
1972 and 1973 that resulted mainly from drops in the South American catch. In most other
regions catch has increased slightly. Data are from UN Food and Agriculture Organization.
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The third requirement is an adequate
grain reserve, distributed strategically
around the world. It would serve as a
standby supply for nearby countries
while grain shipments intended for them
were diverted to the stricken area. This
arrangement might not avert a famine,
but it would prevent one from becoming
a major disaster.

everal things can also be done to deal
with malnutrition. For the next few
years it will be necessary to continue to
provide food relief where it is needed.
The least developed countries may re-
quire special assistance in the form’ of
food distribution and feeding programs
for some years to come. Those nations
should also be helped to develop meth-
ods to increase their ability to store food
and to distribute it to vulnerable areas in
times of emergency.

Simple and inexpensive programs are
available to eradicate certain diseases of
malnutrition, and they should be insti-
tuted. The blindness resulting from a de-
ficiency of vitamin A can be prevented
with two injections per year of 100,000
units of the vitamin, at a cost of a few
cents per person. Goiter can be prevent-
ed by the iodization of salt, also at infini-
tesimal cost.

In the intermediate term (the next 15
years or so) the goal must be to make the
developing nations independent in their
food supply. The fish catch appears to
have stabilized at the 1970 level. The
production of animal foods that com-
pete with human beings for grain should
be reduced. (Grazing animals, which
utilize land that cannot be cultivated
and crops that cannot be eaten by hu-
man beings, are another matter.) The
development of new foods is still in the
future. The only sure resource is the
green revolution, which still has the po-
tential of doubling or tripling yields in
some areas.

Therefore it is important to begin im-
mediately the construction of fertilizer
plants, preferably right at the source of
supply (the flare gas around the Persian
Gulf and in Nigeria, for example) or in
the needy countries. The task should
be furthered by international assistance
and by oil sold by the OPEC nations at
concessional prices.

Another step, which entails some-
thing that Americans do well, is to help
the food-deficit nations set up agricul-
tural research and extension services,
with the aim of adapting the green revo-
lution to a tropical, labor-intensive agri-
culture and of assisting the small farmer
to obtain an increased yield while main-
taining a varied production of small ani-
mals, fruits and vegetables so that he is
not dependent on large tonnages of one
crop for an adequate income. Such
countries can also be helped to develop
ways of protecting a crop once it is har-



MODERN FISHING METHODS are exemplified by large facto-
ry ships such as this Japanese vessel, the Soyo Maru. It is a mother

vested and of establishing an indigenous
food industry that can package and dis-
tribute the food. A system of interna-
tional credit that favors the small farm-
er and the small businessman and pro-
motes a more equitable distribution of
income and opportunity should be es-
tablished. Finally, an international sys-
tem of weather forecasting should be ac-
tivated so that future crop failures will
not come as a surprise.

hese actions will buy time for the
next 25 years. If the population of
the world is then between six and seven

billion, as seems likely, new sources of
food will have to be at hand—on the
dinner table, not in the development
stage. Unfortunately the nations that
will need the new foods the most desper-
ately have neither the financial re-
sources nor the technological skill to do
the necessary research, and the nations
that do have these things have so far felt
no urgency about doing it. The objec-
tives of the research should include the
intensive development of aquaculture,
the establishment through genetic tech-
niques of new species of animals (such
as the beefalo) and of grazing animals
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ship for several trawlers, processing their catch while at sea. The
fish visible in this photograph of the ship are mainly sole and halibut.

that can utilize forage more efficiently,
the domestication of some wild animals,
the development of one-cell microorga-
nisms as food and the direct synthesis
of food from oil. Work on all these ob-
jectives should now be under way.

To sum up, we know who is hungry, if
not precisely how many people are af-
fected. We also know why. Economists
often say that expanded food produc-
tion will solve the problem. Social re-
formers maintain that the need is for
more equitable distribution. The evi-
dence shows that we must and can have
both.
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The Requirements
of Human Nutrition

Environmental, dietary and physiological factors all interact to set

nutritional needs of individuals and populations. Recommended

energy and nutrient allowances are thus statistical approximations

by Nevin S. Scrimshaw and Vernon R. Young

uman beings lack the biochemi-
H cal machinery to manufacture a
variety of carbon compounds
required for the formation and mainte-
nance of tissues and for the metabolic
reactions that sustain life. These com-
pounds, which all animal cells and orga-
nisms must obtain preformed from the
environment, together with a number of
mineral elements, are termed the essen-
tial nutrients. Over the past few million
years of evolutionary time the competi-
tive struggle to obtain them in sufficient
amounts has favored the emergence and
dominance of the human species and
has profoundly influenced man’s social
and cultural ascent. At the same time
man’s inability to manufacture the es-
sential nutrient compounds has exposed
him to deficiency diseases that continue
to threaten hundreds of millions of peo-
ple in today’s world.

How did the diverse nutritional re-
quirements of animals, including man,
evolve? A significant clue was provided
some 30 years ago when the pioneering
studies of George W. Beadle and Ed-
ward L. Tatum of Stanford University
with the red mold Neurospora demon-
strated that gene mutation can bring
about alterations in the needs of cells
and organisms for an external supply of
compounds. Like all other plants, Neu-
rospora normally requires no vitamins
or amino acids for its metabolism and
growth; it makes them itself. When Bea-
dle and Tatum exposed the mold cells to
X rays, however, the resulting muta-
tions caused a loss in the cells’ ability to

synthesize vitamins such as thiamine,
pyridoxine and para-aminobenzoic acid
and the amino acids histidine, lysine and
tryptophan.

Evolutionary biologists now believe a
similar series of mutations occurred in
the remote past to give rise to the nutri-
ent-synthesizing deficiencies of animals.
The earliest forms of life appear to have
been simple bacteriumlike organisms
that were capable of manufacturing all
the compounds they needed from min-
eral salts, nitrogen, simple compounds
of carbon and of course water. This abil-
ity entailed the storage of an enor-
mous amount of genetic information,
and cells that could reduce the meta-
bolic costs of replicating and maintain-
ing genes gained a selective advantage.
With natural selection favoring muta-
tions that eliminated the “unnecessary”
enzymatic synthesis of readily avail-
able nutrients, primitive forms of life
evolved and ultimately developed into
animal cells.

When the first single-cell animals ap-
peared about a billion years ago, they
lacked a number of the biosynthetic
pathways found in plant cells, notably
the photosynthetic pathway that enables
a plant to convert the energy of sun-
light into the energy-rich compounds
that drive the metabolism of cells. All
the animal species that subsequently
emerged from these ancestral begin-
nings had similar deficiencies, but they
survived by obtaining the energy and
nutrients they needed from external
sources. For example, plants have re-

PREGNANT CARIBOU ESKIMO WOMAN chews caribou bones to extract the last scraps
of nutrient-rich marrow in this photograph made in 1955 by Fritz Goro in the Canadian
Northwest Territories. Scattered over barren taiga south of the Arctic Circle, small bands of
these inland Eskimos subsisted entirely on the caribou, relying on the animal for food and
clothing and even using the bones for projectile points and other tools. Although the caribou
were once plentiful, in the late 1950’s they changed their migration route, causing a disastrous
famine among the Caribou Eskimos. In 1960 the Canadian government airlifted the survivors
to the coast, where they mixed with other Eskimos and went to work in a nickel mine. Today
the Caribou Eskimos do not exist as a distinct population, victims of their single-source diet.
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tained the ability to make all the 20 ami-
no acids found in their proteins from
simple carbon and nitrogen compounds,
whereas animals depend on their diet to
supply about half of these amino acids.

Al interesting and quite recent evolu-
tionary development of nutritional
significance is the inability of certain an-
imals to synthesize ascorbic acid (vita-
min C). I. B. Chatterjee of the Universi-
ty College of Science in India has esti-
mated that some 350 million years ago
the capacity for synthesizing this vita-
min arose in amphibians, but that a gene
mutation about 25 million years ago in a
common ancestor of man and other pri-
mates led to a loss of the enzyme L-gulo-
no oxidase, which catalyzed the termi-
nal step in the conversion of glucose to
ascorbic acid. Linus Pauling has sug-
gested that the loss of this pathway was
selectively advantageous in that it freed
glucose for energy use by the body.
In any case the mutation was not le-
thal because the missing compound
was present in the food of the mutant
animals. Their evolution could thus con-
tinue.

Man’s need to obtain an adequate
supply of essential nutrients through his
diet not only is a part of his biological
evolution but also has shaped his social
evolution. It has been suggested that the
migration of human groups to the north-
ern regions of the earth was slowed by
the limited amounts of ascorbic acid in
the foods available in those areas dur-
ing the long winter months. Moreover,
man’s dependence on an adequate sup-
ply of nutrients meant that he initially
had to be a hunter and gatherer, which
circumscribed his cultural develop-
ment. With the domestication of the ce-
real grainsand other plants, along with a
limited number of animal species, he
was able to organize a stable way of life
and secure the essential nutrients with-
out foraging over substantial areas. This
freed his energies for new kinds of so-
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ABILITY OF ANIMALS TO SYNTHESIZE VITAMIN C and the type of cell performing
the synthesis have varied over the span of evolution. Some 25 million years ago a mutation in
an ancestor of primates (including man) and other mammals resulted in a loss of the termi-
nal enzyme in the synthetic pathway. For this reason primates, guinea pigs, bats and some
birds require a dietary source of the vitamin to prevent development of nutritional disease.
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MINIMUM PROTEIN REQUIREMENT for a populatlon of privileged young men was de-
termined in the authors’ laboratory with the metaboli que. Students at the
Massachusetts Institute of Technology were studied at various protein (nitrogen) intakes for
15-day periods. They received a constant diet in which the entire protein source was whole
dried-egg powder. Nitrogen-balance values (intake minus excretion equals balance) for the
seven subjects were measured at each intake level; data points shown are statistical mean of
individual numbers. Amount of protein sufficient to maintain nitrogen balance, where sub-
jects were neither losing nor gaining body nitrogen, was judged to be minimum requirement.
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cial, economic and artistic activities.

At least 45 and possibly as many as
50 dietary compounds and elements
are now recognized as essential for a hu-
man being to live a full, healthy life.
Plant and animal foods cannot, how-
ever, be directly utilized by the cells of
human tissues. The nutrients contained
in foods are released by digestion, ab-
sorbed in the intestine and transported
to the cells by the blood. As long as the
overall diet supplies all the essential nu-
trients, the cells and tissues of the body
are capable of synthesizing the many
thousands of additional compounds re-
quired for life.

ince the body is dependent on a regu-
lar supply of nutrients, intricate bio-
chemical mechanisms have evolved to
regulate the availability of the nutrients
to the cells so that the organism can ad-
just to a wide range of intakes. Those
nutrients that have been acquired in ex-
cess of cellular needs are handled by cat-
abolic pathways that bring about their
breakdown. The breakdown products
are then eliminated in the urine, bile,
sweat and other body secretions so that
they do not accumulate and reach toxic
levels.

The importance of regulating nutrient
levels is dramatically illustrated in cer-
tain human diseases. In the genetic dis-
order known as maple-syrup-urine dis-
ease infants cannot adequately metab-
olize the branched-chain amino acids
(leucine, isoleucine and valine). In an-
other genetic disorder, phenylketonuria,
the enzyme for breaking down the ami-
no acid phenylalanine is lacking. Both
conditions cause a buildup of amino
acids in the blood and the tissues, par-
ticularly the brain, leading to cell death
and mental retardation. The manage-
ment of patients with these diseases
consists of special diets containing a
low level of the offending nutrient.

Another example of the accumulation
of nutrients to toxic levels is hemochro-
matosis, a severe form of liver disease
usually resulting from a combination of
high iron and alcohol intakes that give
rise to an excessive accumulation of iron
in the liver. Vitamins A, D and K are
also toxic in high concentrations. Hy-
pervitaminosis from an excessive die-
tary intake of vitamin A, usually from
the misguided use of high-potency vita-
min pills, results in thickening of the
skin, headaches and increased suscepti-
bility to disease.

On the other hand, if the nutrient in-
take is so low that it is insufficient to
meet the normal needs of cells, changes
occur within the cells and tissues that act
to conserve the limited supply. These
changes may involve a more effective
absorption of nutrients from the intes-
tine and the activation of biochemical
mechanisms that enhance the retention
of the nutrient once it is inside the body.



METABOLISM OF ENERGY-CONTAINING NUTRIENTS in
the body proceeds in three major stages. In the first stage the large
nutrient molecules of food are degraded into their main building
blocks by digestive enzymes in the alimentary tract. In the second
stage the many different products of the first stage are absorbed by
the intestine and transported by the blood to the tissue cells. There
they can either be incorporated into cellular molecules by anabolic
pathways (colored arrows) or converted by catabolic pathways into a
small number of intermediates that play a central role in metabolism.
Glucose, glycerol, fatty acids and many amino acids are converted
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into a single two-carbon species: the acetyl group of the carrier mole-
cule coenzyme A (CoA). In the third stage, which is localized in the
mitochondria of cells, coenzyme A brings acetyl units into the citric
acid cycle, where they are completely oxidized to carbon dioxide,
concurrently releasing four pairs of electrons. The energy-rich com-
pound adenosine triphosphate (ATP) is generated as the electrons
flow down a transport chain to oxygen, the ultimate electron accep-
tor. Oxidation of a single glucose molecule can result in the forma-
tion of 36 molecules of ATP. Once generated, ATP provides the en-
ergy for the numerous physiological and synthetic activities of cells.
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PROTEIN (GRAMS PER KILOGRAM PER DAY)
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DECLINE IN DIETARY PROTEIN REQUIREMENT per unit of body weight (color) ap-
proximately parallels the change in rate of whole-body protein synthesis during the stages of
life (gray). The early phase of rapid development in infants requires high levels of protein
turnover and dietary intake, but both fall off as the rate of growth decreases. (Since 70 percent
or more of the amino acids utilized in protein synthesis are provided by breakdown of other
body proteins, dietary need is small in relation to turnover.) Data for infants, young adults and
elderly subjects were obtained at the Clinical Research Center at M.LT.; those for one-year-
old children were provided by D. Picou of the Tropical Metabolism Research Unit in Jamaica.
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VARIATION IN PROTEIN METABOLISM of two genetically and geographically differ-
ent population groups was revealed to a statistically significant degree by the distribution of
obligatory urinary nitrogen losses in young men fed on a protein-free diet for 12 days. Daily
urinary nitrogen excretion during the last four days of the experimental period was measured
in 83 male college students studied at M.I.T. by the authors (black curve) and in 50 students
subsequently studied by P.-C. Huang at the National Taiwan University College of Medicine
(colored curve). The graph shows the mean excretion for each population (vertical arrows)
and the cumulative distribution of urinary nitrogen losses within the two groups of students.
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If the dietary intake continues to be in-
adequate, these metabolic adaptations
break down and deficiency disease rises
above the “clinical horizon,” with char-
acteristic symptoms that can lead to dis-
ability and death.

In addition to essential nutrients the
body needs a supply of energy, that
is, energy-rich compounds whose ener-
gy content is measured in calories. The
assessment of the quantitative require-
ments for calories and the essential nu-
trients is clearly of great practical im-
portance in human nutrition. The task is
far more difficult than is generally real-
ized. In animal husbandry the minimum
needs of the animal for individual nutri-
ents can be judged in relation to certain
productive functions, such as rapid
growth in meat-producing animals, high
milk yield in dairy cows and maximum
fleece production in sheep. The nutrient
requirements of the human organism
cannot be defined as readily because its
well-being is more difficult to measure.
What are the appropriate yardsticks?
Maximum physical fitness and disease
resistance would seem to be logical
criteria for assessing the requirements
for individual nutrients, but because we
cannot quantify physical well-being as
precisely as we can the growth of experi-
mental animals, we must seek more ob-
jective measures.

Some nutrients or their breakdown
products are excreted daily in the urine,
feces and sweat and are lost through the
shedding of small amounts of skin and
hair. For the body to remain in metabol-
ic equilibrium the total gain of a nutri-
ent in food must equal the total loss.
Therefore by measuring the intake re-
quired to balance the amount lost daily
by the body it is possible to estimate the
minimum metabolic need for a given
nutrient. For example, nitrogen, a char-
acteristic and relatively constant com-
ponent of protein, is measured to deter-
mine protein needs. The metabolic-bal-
ance approach has also been followed in
measuring the requirements for calci-
um, zinc and magnesium, but it is not
suited to nutrients that are oxidized and
whose carbon is eliminated in the re-
spired air, such as fats and vitamins.
For those nutrients the requirement can
be estimated by determining the mini-
mum amount of the nutrient that pre-
vents the onset of subclinical deficiency
disease, although the technique has its
methodological and ethical restrictions.

Even when the metabolic-balance
method is applicable, it does not pro-
vide information on where in the body
the nutrient is being retained or util-
ized; overall nutrient balance might be
achieved with a given intake of the nu-
trient being examined, but this does not
prove that the tissues are functioning
optimally and that health will be main-
tained. In addition it is difficult to carry



out balance studies for prolonged die-
tary periods; such studies call for so-
phisticated facilities and a team of
trained workers. The need to carefully
control nutrient-intake levels requires
that the daily menu be monotonous.
Losses in the urine and feces (and ideal-
ly in sweat, skin and hair as well) must
be assayed quantitatively, which means
additional inconvenience for the sub-
jects and technical problems for the
investigators, particularly when the
subjects are infants, young children or
elderly people. For these reasons met-
abolic-balance studies are usually of
short duration: a week or less in children
and two or three weeks in adults. The
long-term nutritional and health signifi-
cance of these brief study periods has
not been critically determined, so that
the adequacy of our current estimates of
nutrient requirements, which have been
based on short-term studies, is uncer-
tain. This is not a satisfactory state of
affairs.

In the Department of Nutrition and
Food Science at the Massachusetts
Institute of Technology, working with
Edwina E. Murray as research nutri-
tionist and several physician graduate
students, we have been able to complete
a series of long-term metabolic-balance
studies with highly motivated and coop-
erative students. These subjects have ad-
hered to monotonous diets and have fol-
lowed strict regimens for the complete
daily collection of urine and feces for
periods lasting up to 100 days, a signifi-
cant increase over the usual 14- to 21-
day balance period.

In one study six volunteer subjects
lived on a diet providing protein at a
level equal to the safe practical intake
recommended by the 1973 Joint Food
and Agriculture Organization-World
Health Organization Expert Committee
on Energy and Protein Requirements.
By the end of three months metabolic
measurements on these subjects indicat-
ed that there were decreases in lean
body and muscle mass and/or changes
in liver metabolism. These results

IRON IS RELEASED FROM FOODS dur-
ing digestion. In the ferrous (Fe++) oxidation
state it passes from within the intestine into
the cells of the intestinal mucosa, where it is
oxidized to the ferric (Fe+++) form. Ferric ion
then combines with the protein apoferritin to
form the complex known as ferritin. The
amount of iron bound up in ferritin at any
given time helps to stabilize the level of iron
in the blood and protect the cells from iron
toxicity. At the surface of the mucosal cell
ferric ion is reduced to the ferrous form and
enters the bloodstream, where it is reoxidized.
It then combines with the protein transferrin,
which transports it to the various tissues.
Relatively little iron is excreted; the iron lib-
erated by the breakdown of hemoglobin is
recycled for the manufacture of hemoglobin.
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NINE ESSENTIAL AMINO ACIDS must be present simultaneously and in correct relative
amounts for protein synthesis to occur. If one or more of the essential amino acids are partial-
ly missing (dark color), the utilization of all other amino acids in the cellular pool will be re-
duced in the same proportion. Leftover amino acids cannot be stored and are metabolized
for eunergy. The amino acid abbreviations are Leu, leucine; Val, valine; Phe, phenylalanine;
Thr, threonine; Ile, isoleucine; Lys, lysine; Met, methionine; Cys, cystine; Trp, tryptophan.

strongly suggest that short-term meta-
bolic balance studies are not sufficient as
the sole criterion for assessing human
protein requirements and that the cur-
rent recommendations for dietary pro-
tein intake for large population groups
are inadequate. Although our own bal-
ance studies have involved experimental
diet periods significantly longer than
those employed for the FAO-WHO es-

BEANS

timates, the fact remains that the experi-
mental subjects are few in number and
are confined to privileged American
males, and that the duration of the study
is still limited.

For some of the essential nutrients
none of these approaches has been fol-
lowed, and only vague epidemiological
data are available. Here we must de-
pend mainly on data obtained in animal
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PROTEIN COMPLEMENTARITY can come about when a “poor quality” protein inade-
quate in certain essential amino acids but adequate in others is mixed with another protein
having opposite strengths and weaknesses. If the two kinds of protein are ingested simulta-
neously or within a short time, the mixture can yield an overall amino acid balance compa-
rable to that of a “high quality” protein ingested alone. The broken line represents 100 percent
of the essential amino acid levels in a standard reference protein that is considered by a Food
and Agriculture Organization-World Health Organization expert committee to best meet
human requirements. Complementary protein combinations are found in almost all cultures.
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experiments and extrapolate the results
cautiously to humans, or attempt to as-
sess how much well-nourished groups
consume and consider that as an ade-
quate intake level

The many difficulties faced in deter-
mining the amounts of nutrients re-
quired by an individual are compound-
ed by the problem of determining the
variation in the requirements of that in-
dividual over a period of time, and with
the variation encountered among indi-
viduals. It is easy to establish that physi-
ological states such as growth, pregnan-
cy and lactation call for greater amounts
of most nutrients than those needed by
healthy adults for maintenance alone. It
is harder to measure the subtle changes
in requirements that occur in the aging
adult, a problem often complicated by
the cumulative effects of both acute and
chronic diseases that can affect require-
ments for nutrients by interfering with
their absorption or utilization.

Knowledge of nutrient requirements
in infants and in young children is also
on uncertain ground. There is a tenden-
cy for investigators to regard such indi-
viduals as little adults and, with a small
allowance for their growth, to extrapo-
late their requirements proportionately
by weight from studies of older individ-
uals. This approach does not take into
account changes in the metabolic activi-
ties of cells and in the rates of nutrient
turnover with age. For body protein,
studies in our laboratory demonstrate
high rates of turnover in newborn in-
fants that diminish rapidly during the
early weeks and months of infancy.
Thereafter the decline is less rapid, but
on a whole-body basis it probably con-
tinues with the passage of time during
the adult years. Although protein re-
quirements are not determined entirely
by metabolic-turnover rate, the direc-
tion of change in the requirements for
total dietary protein is the same as that
for body protein turnover.

There is also variation in nutrient re-
quirements among individuals of the
same age, sex and physiological state be-
cause of the interaction of genetic and
environmental factors. The important
variation in nutritional requirements is
the one that is due to the actual expres-
sion of genes in the individual, rather
than the potential expression of genes
under ideal circumstances. For exam-
ple, in Japan there has been an increase
in the height of adults over the past 30
years, when a progressively greater pro-
portion of the full genetic potential was
expressed as dietary and environmental
conditions improved.

One problem in knowing the appro-
priate variation to assign to nutri-
ent requirements in normal individuals
is the lack of data on the populations of
different countries. In a study at M.L.T.
we have given students a protein-free



but otherwise adequate diet for 12 days
in order to estimate the minimum level
of nitrogen excretion, known as the
obligatory loss. The statistical means of
this urinary nitrogen value were signifi-
cantly higher than those found subse-
quently for university students in Tai-
wan, who were studied under compara-
ble conditions by P.-C. Huang of the
National Taiwan University College of
Medicine. Whether this disparity is due
to genetic differences or to environmen-
tal and experimental factors is currently
undetermined, but the fact of the differ-
ence appears to be indisputable. The nu-
tritional significance of this observation
is not fully known, but it emphasizes the
great need for a larger number of com-
parative studies on nutrient metabolism
and requirements in populations of dif-
fering geographic, cultural and genetic
backgrounds.

Nutrient requirements also depend on
a variety of environmental factors that
may be physical (for example average
ambient temperature), biological (the
presence of infectious organisms and
other parasites) or social (physical activ-
ity, the type of clothing worn, sanitary
conditions and personal hygiene and
other patterns of behavior). Environ-
mental factors can influence nutritional
status by directly modifying dietary re-
quirements or by their effects on the pro-
duction and availability of food and on
its consumption.

he major dietary factors influencing

nutrient requirements are threefold.
The first is that the form of a nutrient in
food may have a significant effect on its
degree of absorption and utilization.
For example, the relatively low efficien-
cy of the absorption of iron from vege-
table foods is a major factor in the total
iron intake required by human beings.
Ferrous iron (reduced iron, as in ferrous
sulfate or finely divided elemental iron)
is more effectively absorbed than ferric
iron (as in ferric chloride or iron pyro-
phosphate). Even ferrous iron, however,
is absorbed less efficiently when it is in-
gested in combination with phytates and
oxalates, which are found in leafy green
vegetables and the whole-grain, unleav-

NET PROTEIN UTILIZATION values are
an index of the “quality,” or nutritional val-
ue, of proteins from various food sources.
They are the percent of the amino acids in-
gested as protein that are retained in the body
and incorporated into cellular proteins. Egg
protein, along with that of milk and most
meats, has excellent proportions of all the es-
sential amino acids, and its net utilization by
the body is accordingly high. Legumes, on
the other hand, are deficient in one or more
of the nine essential amino acids, which great-
ly reduces the proportion of total amino
acids that are available for protein synthesis
and thus gives rise to their low NPU values.
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MOBILIZATION OF CALCIUM BONE

VITAMIN D is absorbed preformed from certain foods and is also synthesized in the stratum
granulosum of the skin through the action of solar radiation on the closely related steroid 7-
dehydrocholesterol. The physiological roles of the vitamin depend on its conversion to the ac-
tive form 1,25-dihydroxy-vitamin D, which occurs in two enzyme-catalyzed steps, the first in
the liver and the second in the kidney. Parathyroid hormone (PTH) serves to regulate the syn-
thesis of the active form of the vitamin, and both act to mobilize calcium from bone. In addi-
tion the dihydroxylated vitamin alone stimulates calcium absorption from the small intestine.
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ened bread of North Africa and the
Middle East. The iron found in meat
(heme iron) is much better absorbed
than iron of vegetable origin, and small
amounts of red meat markedly improve
overall iron absorption.

The second major factor affecting nu-
trient requirements is that the presence
or absence of one nutrient frequently af-
fects the utilization of another. For ex-
ample, when dietary protein intake is
deficient, the two proteins that play a
role in the transport of vitamin A (reti-
nol-binding protein and prealbumin)
are not made by the liver in adequate
amounts. The esterified form of the vita-
min remains stored in the liver, unavail-
able to the other body tissues. Signs of
vitamin-A deficiency may then appear,
in spite of the fact that the intake of the
vitamin (or of its precursor, beta-caro-
tene, which is present in plant foods)
would be sufficient if protein nutrition
were adequate.

The third factor is the presence in the
human large intestine of bacteria that
live on organic molecules not absorbed
in the small intestine. In the course of
their metabolic activities these bacteria
manufacture vitamins that their human
host absorbs; it is a symbiotic, or mutu-
ally beneficial, relationship. Vitamin K,
a deficiency of which causes failure of
blood clotting, is synthesized in this
way, as are small quantities of some of
the B vitamins.

he factors influencing the adequacy

of dietary protein for an individ-
ual may be even more complex. In the
first place, the normal requirement is
not for protein per se but, depending on
the individual’s age, for some nine or
10 essential amino acids in adequate
amounts and appropriate proportions.
Whether an amino acid is utilized for
the synthesis of new protein or is de-
graded for its energy content (a wasteful
process) depends on a number of fac-
tors. First, each of the essential amino
acids must be present simultaneously in
the intracellular pool for protein synthe-
sis to proceed. If a given amino acid is
present only in a limited amount, the
protein can be formed only as long as
the supply of that amino acid (called the
limiting amino acid) lasts. If one essen-
tial amino acid is missing from the pool,
the remaining ones cannot be stored for
later synthesis and will be catabolized
for energy.

The level of nonprotein calories in the
diet is also important. If it is high with
respect to need, the ingested protein is
spared from breakdown to meet energy
requirements, but the individual tends
to become obese. If it is low, some of the
protein will be preempted to meet ener-
gy requirements and will not be availa-
ble to fulfill the actual protein needs of
the body. It is sometimes mistakenly be-
lieved that it is not worth improving the



protein content of a diet if caloric intake
is deficient. Our studies of young adults
indicate that some improvement in pro-
tein retention is achieved even under cir-
cumstances of deficient energy intake.
Adequate nonspecific sources of nitro-
gen are also needed so that the nonessen-
tial amino acids and other metabolically
important nitrogenous compounds can
be synthesized in the body.

Various proteins differ in their essen-
tial amino acid concentration and bal-
ance. A nutritionally “complete” pro-
tein source such as meat, eggs or milk
supplies enough of all the essential ami-
no acids needed to meet the body’s
requirements for maintenance and
growth. A low-quality or nutritionally
“incomplete” protein such as the zein of
corn, which lacks the amino acids tryp-
tophan and lysine, cannot support either
maintenance or growth. A somewhat
less inferior protein such as the gliadin
of wheat provides enough lysine for
maintenance but not enough for growth.
Plant proteins usually contain inade-
quate amounts of one essential amino
acid or more. Lysine and threonine lev-
els in cereals are generally low, and corn
is also deficient in tryptophan. Legumes
are good sources of lysine but are low in
the sulfur-containing amino acids me-
thionine and cystine; leafy green vegeta-
bles are well balanced in all the essential
amino acids except methionine.

In spite of these shortcomings of indi-
vidual foods it is possible to devise
meals containing acceptable propor-
tions of essential amino acids by com-
bining proteins from several sources. In
general, cereals that are deficient in ly-
sine are complemented by legumes that
are deficient in methionine. Every cul-
ture has evolved its own mixtures of
complementary proteins. In the Middle
East wheat bread, which lacks adequate
levels of lysine, is eaten with cheese,
which has a high lysine content. Mexi-
cans eat beans and rice, Jamaicans eat
rice and peas, Indians eat wheat and pul-
ses, and Americans eat breakfast cereals
with milk. This kind of supplementa-
tion, particularly in infants and growing
children, only works, however, when the
deficient and complementary proteins
are ingested together or are ingested sep-
arately within a few hours.

cute or chronic infections or other
disease processes that cause de-
creased gastrointestinal function in-
crease the need for dietary protein, be-
cause less of it will be absorbed. Trau-
ma, anxiety, fear and other causes of
stress have an even more pronounced
effect in altering protein requirements.
Stress results in an increase in the catab-
olism of muscle protein with respect to
synthesis, leading to the transport of
amino acids away from muscle and pe-
ripheral tissues to the liver, where they
are converted to glucose for energy pur-
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DISTRIBUTION OF NUTRIENT REQUIREMENTS in a hypothetical population of
healthy individuals is bell-shaped. D is the mean requirement for the population. The statisti-
cal unit of variation from the mean is known as the standard deviation (S.D.), which is calcu-
lated from the sum of the squares of each individual’s replacement values, minus the square of
the average value, divided by the square root of the total number of observations. An intake of
F, obtained by adding two standard deviations to the mean value, would cover the require-
ments for nearly all (97.5 percent) of the individuals in this population. Colored region shows
the small minority of healthy individuals (2.5 percent) not covered by the allowance. This
approach has been followed by international committees in estimating dietary allowances.

poses. This process creates a deficit in
the protein content of the body, which
must be compensated for by increased
protein retention during the recovery
period.

With any infection, even immuniza-
tion with live-virus vaccines, there is a
loss of appetite that leads to a decrease
in food intake. The metabolic conse-
quences of acute infections have been
most extensively documented by Wil-
liam R. Beisel and his collaborators at
the Army Medical Research Institute of
Infectious Diseases. The first changes
are increased synthesis of antibodies
and other proteins characteristic of
acute illness, followed by catabolic re-
sponses that result in increased losses of
nitrogen (from body protein), vitamin
A, vitamin C, iron and zinc, and proba-
bly other nutrients as well.

Disease may also directly upset the
mechanisms controlling the metabolism
of essential nutrients, thereby altering
dietary nutrient requirements. The con-
version of vitamin D into its metabol-
ically active form, for example, depends
on the activities of the liver and the kid-
neys. If the kidneys are diseased, the
normal utilization of the vitamin is com-
promised. It is for this reason that many
individuals suffering from kidney dis-
ease show skeletal abnormalities similar
to those seen in rickets, a disease of vita-
min D deficiency. When these patients
are given a synthetic form of the active
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derivative of the vitamin, they show a
marked improvement in health.

The absorption of nutrients is reduced
whenever the gastrointestinal tract is
significantly affected by acute or chronic
infections, by a high concentration of
intestinal parasites or by malaria (which
interferes with the mesenteric circula-
tion). Chronic infections and parasitic
infestations are also capable of increas-
ing nutrient requirements in other ways.
Even with a diet that would otherwise be
adequate iron-deficiency anemia can de-
velop as a result of the intestinal blood
loss associated with hookworm, schisto-
somiasis and certain protozoal infec-
tions. In northern European countries
where the eating of raw fish commonly
leads to heavy infestations of fish tape-
worm, vitamin B-12 deficiency disease
(anemia and neurological damage) of-
ten develops in affected individuals be-
cause the parasite has a particularly
large requirement for the vitamin.

For these reasons young children in
developing countries who are subject to
intestinal, respiratory and other infec-
tions that increase nutrient require-
ments, and who at the same time have
a poor diet, are particularly likely to
develop acute nutritional disease. The
ideal public-health approach would be
to eliminate the infections rather than
to provide the extra amounts of nutri-
ents these conditions require, but that
is frequently not possible because of a
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lack of resources or for social reasons.

All these sources of variation in nu-
trient requirements make it impossi-
ble to generate precise values for nutri-
ent requirements in either individuals or
population groups. Instead nutrient al-
lowances must be viewed statistically,

on the assumption that individual varia-
tion in a nutrient requirement is distrib-
uted in a bell-shaped curve above and
below the mean requirement for that
population group.

It is not practical to attempt to arrive
at nutritional recommendations suffi-

cient to cover 100 percent of a popula-
tion, because this would require far
more nutrition than is necessary for
most people. There will always be a few
normal individuals in a population, two
or three per 100, who need more of a
nutrient than can be recommended in
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FAO-WHO expert committee in 1974. Requirements vary marked-
ly with age, and those of males (gray) are significantly different from
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a practical dietary allowance, and a
smaller number at the extreme tail of
the bell curve, two or three per 1,000,
whose metabolic abnormalities signifi-
cantly increase their requirements. Fi-
nally, recommended daily allowances
(RDA’s) are intended only to cover

healthy individuals and are often not ad-
equate for people suffering from acute
or chronic diseases.

The major limitation to the practical
use of RDA's is that they are based on
data from small and possibly unrepre-
sentative samples that have been extrap-

olated to populations of all types. In de-
veloping countries, where a large frac-
tion of the population is likely to be
suffering from disease, children have
a greatly reduced weight and height for
their age because of the combined ef-
fects of repeated infections and malnu-
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uals; they can be justifiably applied only to reasonably healthy pop-
ulations and may well be subject to revision as knowledge advances.
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trition. As a result the body size of
adults is also small. For them the age-
specific nutritional figures derived from
well-nourished populations may be un-
necessarily high and estimated caloric
requirements may be excessive. It is
therefore preferable to calculate allow-

ances for adults in developing coun-
tries on the basis of kilograms of body
weight.

Per-kilogram allowances are not suf-
ficient, however, for children whose
growth has been stunted by malnutri-
tion and disease. Such allowances will

be too low for maximum catch-up
growth and will perpetuate the existing
poor nutritional state of the children. A
compromise in countries where nutri-
tional dwarfism among children is com-
mon is to estimate the specific require-
ments of children on a per kilogram

— — i
RDA FOR HEALTHY
ESSENTIAL ADULT MALE DIETARY MAJOR BODY
AMINO ACIDS (MILLIGRAMS) SOURCES FUNCTIONS DEFICIENCY EXCESS
!
AROMAT!C ‘
" |
PHENYLALANINE
T == 1,100
TYROSINE
-1
BASIC |
1
LYSINE 800 |
HISTIDINE Not known
| FROM PROTEINS
Precursors of structural
| ; L
GOOD SOURCES protein, enzymes, antibodies,
BRANCHED CHAIN . hormones, metabolically
| Legume grains active compounds
—|I Dairy products
Meat i Pyt i
Certain amino acids have ici ini
ISOLEUCINE 700 § Deficient protein intake leads L
| Fish specific functions: to development of Excess' protein intake
v F N ibly aggravates or
(a)Tyrosine is a precursor of kwashiorkor and, coupled possib X
| RADESUATE SOURCES epinephrine and thyroxine | with low energy intake, to si"s'::s‘;a':t:gs"°“'°
LEUCINE 1,000 Rice (b)Arginine is a precursor of marasmus. :
Corn polyamines
Wheat . .
(c) Methionine is required for |
VALINE 800 POOR SOURCES methyl group metabolism
(d) Tryptophan is a precursor
Cassava of serotonin |
Sweet potato
SULFUR-CONTAINING
|
METHIONINE |
1,100
CYSTINE
|
OTHER
|
TRYPTOPHAN 250 |
|
THREONINE 500
I |
ESSENTIAL FATTY ACIDS I
Involved in cell membrane [
ARACHIDONIC Vegetable fats (corn, structure and function.
cottonseed, soy oils) Precursors of prostaglandins Poor growth
Wheat germ (regulation of gastric func- Skin lesions RloHknown
Vegetable shortenings tion, release of hormones,
SOCEIC 6,000 smooth-muscle activity)
LINOLENIC

ESSENTIAL AMINO ACIDS AND FATTY ACIDS cannot be
synthesized in the body and must be present in food. Amino acids are
the building blocks of body proteins; essential fatty acids are in-

volved in the maintenance of cell membrane structure and function
and serve as precursors of the prostaglandins, a family of hormone-
like compounds that have diverse physiological actions in the body.
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basis and add a modest extra allowance

for catch-up growth.

When acute infections are prevalent
in a population, extra allowance must be
made for the individual during recov-
ery, although because of reduced food
intake during the acute phase of the ill-

nessand increased retention of some nu-
trients in depleted individuals, the over-
all food requirements of the group
suffering from infections may be little
affected. Increased dietary allowances
may nonetheless be needed to compen-
sate for continuing high nutrient losses

or for the impaired absorption associat-
ed with intestinal-parasite load and

chronic disease.
In sum,

recommended allowances

cannot serve as an absolute indicator of
the adequacy of a given intake for a giv-
en individual. They can justifiably be

VITAMIN

RDA FOR HEALTHY
ADULT MALE
(MILLIGRAMS)

DIETARY SOURCES

MAJOR BODY FUNCTIONS

DEFICIENCY

EXCESS

WATER-SOLUBLE

(PHYLLOQUINONE)

Small amount in
cereals, fruits and
meats

(involved in formation of active
prothrombin)

VITAMIN B-1 15 Pork, organ meats, Coenzyme (thiamine Beriberi (peripheral nerve None reported

(THIAMINE) whole grains, pyrophosphate) in reactions changes, edema, heart failure)
legumes involving the removal of carbon

dioxide.
VITAMIN B-2 1.8 Widely distributed Constituent of two flavin Reddened lips, cracks at corner None reported
(RIBOFLAVIN) in foods. nucleotide coenzymes involved of mouth (cheilosis), lesions of

in energy metabolism eye

(FAD and FMN)

NIACIN 20 Liver, lean meats, Constituent of two coenzymes Pellagra (skin and Flushing, burning
grains, legumes involved in oxidation-reduction gastrointestinal lesions, nervous, and tingling
(can be formed reactions (NAD and NADP) mental disorders) around neck, face
from tryptophan) and hands

VITAMIN B-6 2 Meats, vegetables, Coenzyme (pyridoxal phosphate) | lIrritability, convulsions, muscular None reported

(PYRIDOXINE) whole-grain cereals involved in amino acid twitching, dermatitis near eyes,

metabolism kidney stones
PANTOTHENIC 5-10 Widely distributed Constituent of coenzyme A, Fatigue, sleep disturbances, None reported
ACID in foods. which plays a central role in impaired coordination, nausea

energy metabolism (rare in man)

FOLACIN 4 Legumes, green Coenzyme (reduced form) Anemia, gastrointestinal None reported
vegetables, whole- involved in transfer of single- disturbances, diarrhea, red
wheat products carbonunits in nucleic acid and tongue

amino acid metabolism

VITAMIN B-12 .003 Muscle meats, eggs, Coenzyme involved in transfer of | Pernicious anemia, neurological None reported
dairy products, single-carbon units in nucleic disorders
(not present in plant acid metabolism
foods)

BIOTIN Not established. Legumes, vegetables, Coenzyme required for fat Fatigue, depression, nausea, Not reported

Usual diet provides meats synthesis, amino acid dermatitis, muscular pains
.15-3 metabolism and glycogen
(animal-starch) formation
CHOLINE Notestablished. All foods containing Constituent of phospholipids. Not reported in man. None reported
Usual diet provides phospholipids (egg yolk, Precursorof putative
500-900 liver, grains, legumes) neurotransmitter acetylcholine

VITAMIN C 45 Citrus fruits, tomatoes, Maintains intercellular matrix of Scurvy (degeneration of skin, Relatively nontoxic.

(ASCORBIC ACID) green peppers, cartilage, bone and dentine. teeth, blood vessels, epithelial Possibility of
salad greens Important in collagen synthesis. hemorrhages) kidney stones.

FAT-SOLUBLE

VITAMIN A 1 Provitamin A Constituent of rhodopsin (visual Xerophthalmia (keratinization ot Headache,

(RETINOL) (beta-carotene) widely pigment). Maintenance of ocular tissue), night blindness, vomiting, peeling
distributed in green epithelial tissues. Role in permanent blindness of skin, anorexia,
vegetables. Retinol mucopolysaccharide synthesis. swelling of long
presentin milk, butter, bones
cheese, fortified
margarine.

VITAMIN D .01 Cod-liver oil, eggs, Promotes growth and Rickets (bone deformities) in Vomiting, diarrhea,
dairy products, mineralization of bones. children. Osteomalacia in adults. loss of weight,
fortified milk and Increases absorption of calcium. kidney damage
margarine.

VITAMIN E 15 Seeds, green leafy Functions as an antitoxidant to Possibly anemia Relatively nontoxic

(TOCOPHEROL) vegetables, prevent cell-membrane damage.
margarines, shortenings

VITAMIN K .03 Green leafy vegetables. Important in blood clotting Conditioned deficiencies Relatively nontoxic.

associated with severe bleeding,
internal hemorrhages.

Synthetic forms
at high doses may
cause jaundice. J

VITAMINS are organic molecules needed in very small amounts in
the diet of higher animals. Most of the water-soluble (B complex)
vitamins act as coenzymes, or organic catalysts; the four fat-soluble
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vitamins (A, D, E and K) have more diverse functions. Although
low vitamin intake can result in deficiency disease, the misguided
use of high-potency vitamin pills can also have undesirable effects.
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applied only to a reasonably healthy
population. In spite of their limitations,
however, estimates of caloric require-
ments and recommended allowances
for essential nutrients must be sup-
plied. They guide the design of diets for
individuals, the evaluation of the rela-

tive adequacy of diets for populations,
the content of nutrition-education pro-
grams and the planning by government
of nutrition-intervention programs.
There is no area of human health in
which research is more urgently needed
thanthe nutritional requirements of rep-

resentative human populations over the
full range of both health and disease.
Clearly an adequate knowledge of the
amount and kinds of food required by
man is essential for food and nutrition
policy planning and will be of major im-
portance for the generations ahead.

AMOUNT IN [RDA FOR HEALTHY l
| ADULT BODY ADULT MALE |
| MINERAL (GRAMS) (MILLIGRAMS) DIETARY SOURCES MAJOR BODY FUNCTIONS DEFICIENCY EXCESS |
CALCIUM 1,500 800 Milk, cheese, dark-green | Bone and tooth formation Stunted growth Not reported in man |
| vegetables, dried Blood clotting Rickets, osteoporosis
legumes Nerve transmission Convulsions
PHOSPHORUS 860 800 Milk, cheese, meat, Bone and tooth formation Weakness, deminer- Erosion of jaw
poultry, grains Acid-base balance alization of bone (fossy jaw)
Loss of calcium
SULFUR 300 (Provided by Sulfur amino acids Constituent of active Related to intake and Excess sulfur amino
sulfur amino (methionine and tissue compounds, deficiency of sulfur acid intake leads to
acids) cystine) in dietary cartilage and tendon amino acids poor growth
proteins
POTASSIUM 180 2,500 Meats, milk, many fruits| Acid-base balance Muscular weakness Muscular weakness
Body water balance Paralysis Death
Nerve function
CHLORINE 74 2,000 Common salt Formation of gastric juice Muscle cramps Vomiting
Acid-base balance Mental apathy
I Reduced appetite
} —
| SODIUM 64 2,500 Common salt Acid-base balance Muscle cramps High blood
| Body water balance Mental apathy pressure
Nerve function Reduced appetite
MAGNESIUM 25 350 Whole grains, green Activates enzymes. Growth failure Diarrhea |
leafy vegetables Involved in protein Behavioral disturbances
synthesis Weakness, spasms ]
IRON 45 10 Eggs, lean meats, Constituent of hemoglobin Iron-deficiency anemia Siderosis _‘
legumes, whole grains, | and enzymes involved in (weakness, reduced Cirrhosis of liver
green leafy vegetables energy metabolism resistance to infection)
FLUORINE 26 2 Drinking water, tea, May be important in Higher frequency of Mottling of teeth
seafood maintenance of bone tooth decay Increased bone density
structure Neurological
disturbances
ZINC 2 15 Widely distributed in Constituent of enzymes Growth failure Fever, nausea, vomiting,
fcods involved in digestion Small sex glands diarrhea
COPPER A 2 Meats, drinking water Constituent of enzymes Anemia, bone Rare metabolic
associated with iron changes (rare in man) condition (Wilson's
metabolism disease)
SILICON .024 Not established Widely distributed in Function unknown Not reported in man Industrial exposures:
VANADIUM .018 foods (essential for animals) Silicon - silicosis
TIN 017 Vanadium - lung
NICKEL .010 irritation
Tin - vomiting
Nickel - acute
pneumonitis
SELENIUM .013 Not established Seafood, meat, grains Functions in close Anemia (rare) Gastrointestinal dis-

(Diet provides association with vitamin E orders, lung irritation

.05-.1 per day)

MANGANESE .012 Not established Widely distributed in Constituent of enzymes In animals: poor Poisoning in

(Diet provides foods involved in fat synthesis growth, disturbances manganese mines:

6-8 per day) of nervous system, generalized disease of
reproductive nervous system
abnormalities

IODINE .01 .14 Marine fish and shell- Constituent of thyroid Goiter (enlarged thyroid) | Very high intakes
fish, dairy products, hormones depress thyroid activity
many vegetables

MOLYBDENUM .009 Not established Legumes, cereals, Constituent of some Not reported in man Inhibition of enzymes

(Diet provides organ meats enzymes

.4 per day)

CHROMIUM .006 Not established Fats, vegetable oils, Involved in glucose and Impaired ability to Occupational exposures:

(Diet provides meats energy metabolism metabolize glucose skin and kidney damage

.05-.12 per day)

COBALT .0015 (Required as Organ and muscle Constituent of vitamin Not reported in man Industrial exposure:
vitamin B-12) meats, milk B-12 dermatitis and diseases
of red blood cells
WATER 40,000 1.5 liters per day Solid foods, liquids, Transport of nutrients Thirst, dehydration Headaches, nausea
(60 percent of drinking water Temperature regulation Edema
body weight) Participates in metabolic High blood pressure
reactions

ESSENTIAL MINERAL ELEMENTS are involved in the elec-
trochemical functions of nerve and muscle, the formation of bones
and teeth, the activation of enzymes and, in the case of iron, the
transport of oxygen. The trace minerals nickel, tin, vanadium and
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silicon, previously considered to be health hazards, are now known to
be essential for animals. Although they are so widely distributed in
nature that primary dietary deficiencies are unlikely, changes in the
balance among them may have important consequences for health.
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OLIGOCHEMISTRY

(don’t look for it in the dictionary—yet)

Meet Jack Hamilton, electron microscopist and
specialist in few-atom chemistry, a little-traveled
branch of the big subject of catalysis. The petro-
chemical industry, of course, wants its catalysts
finely divided—which has to mean chunks of
only, say, a few hundred atoms each. There is
also such a thing as catalysis by single atoms in
gas- or liquid-phase reactions, dubbed homo-
geneous catalysis. Catalysis by a few atoms is
something else.

Hamilton’s gadget exposes a substrate to silver vapor
through a slotted belt whose speed gives good control of the
number of incident atoms per unit area. At the lower ranges
of flux, even electron microscopy reveals no visible deposi-
tion until some of the silver clusters are built up with addi-
tional silver, chemically deposited. Then the electron micro-
scope shows spots like this:

From Poisson statistics, if the number of spots per unit
area on such micrographs is plotted on log-log paper as a
function of incident silver atoms per unit area, the slope gives
the number of atoms per nucleating cluster.

The critical number turns out to be 4. Four seems to be the
smallest number of silver atoms capable of making a cluster
that can catalyze the conversion of dissolved silver ions to
silver atoms in the presence of a reducing agent. (For gold
it’s 2.) There are lots of single silver atoms lying there on the
substrate that can’t catalyze deposition of additional silver
from solution but can collect zinc from its vapor to make
their presence known.

It is fortunate for our business that a single silver atom
rarely acts as a catalyst to convert to silver all the silver ions
in the silver halide crystal it inhabits. All the silver halide in a
photographic emulsion would turn developable without wait-
ing for light to initiate the proceedings. If a lone atom doesn’t
spring the trap (although four may not be required, as in solu-
tion), several photons must hit that crystal within a micro-
second or so. Then it’s no fooling, and that particular crystal
has really been marked to go, and photography becomes pos-
sible, and we all live happily forever after.

Lest one marvel overmuch at operating on single atoms,
Hamilton points out that in electron micrography it takes
only a single electron per square micrometer of image to build
up a density of 2 or 3 on the negative. That’s why electron
micrographs are grainier than light photographs on the same
photographic material. To improve signal-to-noise ratio, one
contrives to reduce effective photographic speed and thus use
more electrons in forming the image.

One other thing. When we say catalysis, we really mean it.
Hamilton has colleagues adept at calculating the lowest unoc-
cupied molecular orbitals of clusters of some 5 or 10 atoms
of various metals and relating them to the highest occupied
molecular orbitals of reactant molecules. If you want to get
into that, drop Jack a note at the Kodak Research Labora-
tories, Rochester, N.Y. 14650.

65

© 1976 SCIENTIFIC AMERICAN, INC



SCIENCE AND THE CITIZEN

The Harvest of 1976

he latest world crop reports tend
to reinforce the more general as-
sessments made in the pages of
this issue of Scientific American. World
food production continues to increase,
albeit slowly. More acreage is being
planted and yields are rising in most re-
gions. There have been very good har-
vests in some countries and disappoint-
ing ones elsewhere; as always, weather
is the critical factor. The world food
supply is keeping just ahead of its popu-
iation, and it appears likely to move a
little further ahead in the next year.
Preliminary figures from the Eco-
nomic Research Service of the U.S. De-
partment of Agriculture put the world
grain crop for the crop year ended in
June at 1.22 billion metric tons; that is
20 million tons, or about 1.5 percent,
more than the poor previous year but is
34 million tons below the rising trend
established over the past decade and
a half. The disappointing world total
was due primarily to poor weather and
bad crops in the U.S.S.R. and western
Europe; the developing countries as a
group did better than ever before and
were able to reduce their net grain im-
ports. The most remarkable news came
from India, where the harvest that end-
ed in June brought the total 1975-1976
grain crop up to about 115 million tons,
compared with 108 million in the best
previous year, 1970-1971. The surplus
being bought and stored by the govern-
ment food corporation is said to be
enough to buffer two scarcity years.
The outlook for 1976-1977 is some-
what better. The preliminary forecast,
based on an indicated 2 percent expan-
sion of the total area to be planted and
on weather conditions suggesting that
the average yield will be 3 to 5 percent
above the past year, is for a record grain
crop of some 1.3 billion tons, up 6 per-
cent. Part of the expected increase is ac-
counted for by the current U.S. corn
crop, the best in history, up 7 percent
over last year’s record; the U.S. wheat
crop should be the second-largest ever.
On the other hand, the serious summer
drought in northwestern Europe has re-
duced estimates of what had been ex-
pected to be one of the largest crops in
history there.

The Cheap Computer

In the next five years the most impor-
tant developments in the technology
of the digital computer will probably in-
volve simple machines of very modest
capability. These machines are compar-
atively slow and unsophisticated, but
they are also small and, most important,
they are inexpensive. They promise to
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extend electronically programmed log-
ic to fields where digital control has not
been economically feasible.

The cost of electronic logic has been
reduced mainly by packing more circuit
components (such as transistors) onto a
given area of semiconductor substrate
(such as silicon). During the past decade
the component density has doubled ev-
ery year, and it is now possible to build
the entire central processing unit of a
digital computer on a single “chip” of
silicon. Such a device is called a micro-
processor. More than two dozen micro-
processors are now being manufac-
tured; a typical one costs about $100.

The microprocessor, like the central
processing unit of any computer, in-
cludes circuits for decoding instructions
to the machine, circuits for the timing
and control of its operations, registers
for the temporary storage of informa-
tion and an “arithmetic and logic unit,”
which is responsible for most of the ac-
tual manipulation of the numbers pass-
ing through the machine. In addition
to the microprocessor itself a working
computer requires a power supply, a
means of communication and memory
elements in which the program that di-
rects the operation of the machine can
be stored.

A microprocessor is not essential for
digital control or computation. The
same functions can be performed by an
array of the electronic elements called
gates and registers; the array is a repre-
sentation of the Boolean logic employed
by the machine. The behavior of such an
array, however, is fixed by the pattern of
connections among its elements (for
that reason, such arrays are called hard-
wired logic). The microprocessor can be
regarded as a logic array whose configu-
ration is continually changing under the
direction of the stored program. It is a
single component that can do the jobs of
many arrays of hard-wired logic.

It is the versatility of the microproces-
sor that has had the greatest influence on
its economic evolution. For hard-wired
logic a new device must be designed and
manufactured for each new application.
The same microprocessor can be em-
ployed in many different functions sim-
ply by changing the program.

Microprocessors have been widely
adopted in commercial and industrial
applications, such as the control of lab-
oratory test instruments and the con-
trol of peripheral devices serving larger
computers. They are now beginning to
appear in products that are more famil-
iar to the general public. They are em-
ployed to control traffic lights and eleva-
tors, and they are the central element in
the electronic cash registers called
point-of-sale terminals. A microwave
oven, an automatic washing machine
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and a sewing machine controlled by mi-
croprocessors have been introduced. Fi-
nally, one of the most important areas
of application is likely to be the automo-
bile, where the increasingly complicated
web of vacuum lines and mechanical
linkages required for the control of the
engine can be replaced by a single elec-
tronic device.

Swords into Fuel Rods

If the generation of electricity by nu-
clear-fission reactors is to play a sub-
stantially enlarged role in the future en-
ergy budget of the U.S., a decision must
be made soon concerning both the na-
ture and the size of the new uranium-en-
richment plants that will be needed to
ensure an adequate supply of fissionable
fuel through, say, the end of the century.
The decision turns on a number of com-
plex and still largely unresolved issues:
projections of future energy consump-
tion, the availability of uranium ore,
the likely status of competing energy
sources and the political impact of
opposition to nuclear power on the
grounds of safety or other considera-
tions. In this context little attention has
been paid to the possibility that one
way to postpone such a major decision
would be to make use of some of the
large quantities of highly enriched ura-
nium and plutonium currently stock-
piled in the form of nuclear weapons.

The exact size of the U.S. nuclear ar-
senal is not a matter of public knowl-
edge, but estimates based on general
considerations range as high as 30,000
deliverable nuclear warheads, roughly a
third of which are classified as strategic
(long-range) and the remainder as tacti-
cal (short-range). According to a recent
study by the Energy Research and De-
velopment Administration (ERDA), the
current U.S. stockpile consists of 26 ba-
sic types of nuclear weapons incorporat-
ed into 33 different weapons systems,
ranging (in size and function) from mis-
sile warheads and gravity bombs to land
mines and artillery shells.

At the moment the total number of
nuclear weapons in the U.S. arsenal is
actually declining, as obsolete weapons
(mostly smaller tactical ones) are being
dismantled at a slightly higher rate than
the rate at which new weapons are being
added to the stockpile. It is estimated
that over the next five years or so a sig-
nificant amount of fissionable material
could be taken from the dismantled
weapons and used to fuel nuclear power
plants, thereby helping to relieve the
threatened long-term shortfall in the
supply of nuclear fuel.

One advocate of such an approach
has been Harold M. Agnew, director of
the Los Alamos Scientific Laboratory.
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In a speech on the role of the Depart-
ment of Defense in U.S. energy policy
Agnew took issue with the program ad-
vanced by military planners to develop
a variety of new types of nuclear weap-
on. He said: “Instead of...technology
being employed primarily in new war-
heads introduced to support new weap-
ons systems, new nuclear-weapon tech-
nology should be increasingly directed
to updating and replacing a large frac-
tion of the existing stockpile.”

The purpose of Agnew’s proposed
program would be twofold: besides im-
proving the military effectiveness of the
nuclear-weapons systems now in the
stockpile, he maintains, “by proceeding
in a selective manner one could recoup
from the present stockpile more than
enough fissile material (plutonium and
enriched uranium) to pay for such mod-
ernization. One could, in fact, accrue
thousands of kilograms of precious fis-
sile materials which could be used to
produce electrical energy.”

Although prevented for reasons of
military security from providing specif-
ic, detailed examples, Agnew has ven-
tured the estimate that “if one weapons
system presently in the stockpile were
reduced in number by 50 percent, we
could obtain enough enriched uranium
to fuel about 25 1,000-megawatt electri-
cal nuclear reactors. In my opinion a
reduction by 50 percent in the number in
this particular weapons system would
not be significant as far as our military
position is concerned.” (One important
factor affecting any such conversion is
that the concentration of the readily fis-
sionable isotope uranium 235 is much
higher in “weapons grade” material:
whereas the “low-enriched” uranium
needed to fuel a conventional power re-
actor of the light-water type contains
only about 3 percent uranium 235,
weapons-grade uranium is enriched to
better than 90 percent uranium 235.)

“In a nutshell,” Agnew proposes ‘“‘that
we modernize and improve our nuclear-
weapon stockpile, even with fewer num-
bers; that we pay for it by introducing
more efficient, low-yield weapon sys-
tems which would require appreciably
less fissile material; that we use the ac-
crued precious fissile materials as capi-
tal to buy into joint ventures with elec-
trical power companies in the U.S. or to
pay for nuclear-propulsion plants in our
naval vessels; that we realize a return on
our investment through supplied electri-
cal energy, and finally that we buy time
to delay a decision on the type of new
enrichment plants which must be con-
structed.”

Cassava Propagated

Cassava, also known as manioc, man-
dioca, tapioca and yuca, is a tropi-
cal root plant that serves as a staple food
for millions of people in Africa and sev-
eral other parts of the world. (It has been
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estimated that 200 million people obtain
more than 50 percent of their calorie
intake from cassava.) It has never been
developed to its potential, mainly be-
cause it has a relatively low protein con-
tent and is highly perishable once it has
been harvested. Only in recent years has
a significant amount of research been
directed toward improving the plant. An
indication of the success of this program
appears in an announcement by the
International Development Research
Centre in Ottawa that it will spend
$759,000 over three years to support the
establishment of regional networks in
Latin America and Asia to improve the
production and utilization of cassava.

Over the past four years the Interna-
tional Development Research Centre (a
public corporation created and financed
by Canada to support research designed
to adapt science and technology to the
needs of developing countries) and the
Canadian International Development
Agency have provided nearly $4 million
in support of research on cassava. The
results include the identification in Co-
lombia of varieties that yield more than
three times the national average without
additional inputs, the control of bacte-
rial blight, the identification of strains
that are resistant to certain insect pests
and the development of improved meth-
ods of processing and storage. On the
basis of these results the International
Development Research Centre decided
to take the further step of establishing
the regional networks.

One aim of the new networks will be
to provide increased training facilities
for both investigators and production
workers in the more than 80 countries
that grow cassava on a large scale. The
program also seeks to improve produc-
tion systems and the utilization of cassa-
va and to ensure that the useful results
of further research are demonstrated to
the farmers of each region and made
available to them through the distribu-
tion of improved varieties of the plant.

Curious Connections

few human beings are born with all

their internal organs reversed from
the normal position; for example, the tip
of the heart is on the right and the liver is
on the left. The defect is called situs in-
versus. It was also noticed some 40 years
ago by Manes Kartagener, a Swiss heart
and lung specialist, that patients exhib-
iting situs inversus frequently suffer
from chronic sinusitis and bronchitis.
The combination, called Kartagener’s
syndrome, affects about one person in
68,000. '

The scene now shifts to the clinic of
the Reproductive Physiology Unit of
the Karolinska Institute in Stockholm,
where two brothers were recently found
to have sperm cells incapable of move-
ment. Out of thousands of patients with
infertility problems examined at the
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clinic only the two brothers and two oth-
er subjects were found to have totally
immotile spermatozoa. In all other re-
spects, including rates of oxygen con-
sumption and lactic acid production, the
sperm cells seemed normal.

When the spermatozoa of the two
brothers were examined in the electron
microscope by Bjorn A. Afzelius and his
colleagues at the Wenner-Gren Institute
of the University of Stockholm, they
were found to lack certain small projec-
tions from the bundle of nine pairs of
microtubules that run the length of the
cell’s whiplike tail and provide locomo-
tion. The projections are called dynein
arms (see “How Cilia Move,” by Peter
Satir; SCIENTIFIC AMERICAN, October,
1974). The dynein arms contain the
enzyme ATPase, which mediates the
transformation of chemical energy into
mechanical energy.

At least three of the four subjects, in
addition to being infertile, have suffered
since childhood from chronic sinusitis
and bronchitis. Afzelius and his col-
leagues quickly guessed that the cilia of
the subjects’ mucous membranes, whose
wavelike action sweeps foreign matter
out of the sinus passages and the bron-
chi, might also be immotile. In the two
subjects tested so far this has proved to
be the case. Finally it was determined
that three of the four subjects exhibit
situs inversus. (Curiously only one of
the brothers shows the abnormality.)

It seems clear that the lack of dynein
arms in spermatozoa and cilia must be a
straightforward genetic defect, but the
more interesting question is how situs
inversus is linked to the defect. One hy-
pothesis is that the portion of the genetic
material that is associated with the nor-
mal position of the internal organs is
adjacent to the gene or genes responsible
for the dynein arms of spermatozoa and
cilia. Thus the two defects would be
closely linked genetically. A more spec-
ulative hypothesis is that ciliary action
of some kind is normally required dur-
ing embryonic development to nudge
the internal organs into their usual loca-
tion. In the absence of such ciliary ac-
tion the normal asymmetry might occa-
sionally arise by chance.

Affirmative Evolution

In man and other mammals the aver-
age female is smaller than the aver-
age male. This relation, however, is by
no means universal. In The Quarterly Re-
view of Biology Katherine Ralls of the
Smithsonian Institution reports that spe-
cies in which females are of greater av-
erage size than males can be found in
about 30 (25 percent) of the 122 families
of living mammals. The phenomenon is
characteristic of several taxa: the rab-
bits and hares, one family of bats, three
families of baleen whales, a subfamily
of seals and two tribes of antelopes.
Ralls’s extensive list also includes a me-



nagerie of exotic creatures, among them

the aardwolf (a hyenalike mammal), the
klipspringer (a small antelope), the
short-snouted elephant shrew and the
hairy-nosed wombat (a badgerlike mar-
supial).

What is the evolutionary reason for

the larger females? Darwin’s concept of You can tell alot about an individual by what he pours into his glass.

sexual selection is usually invoked to ex-
plain larger males: since males tend to
compete among themselves for females,
larger animals reproduce more success-
fully and make a disproportionate con-
tribution to the gene pool. Conceivably
a similar kind of competition among fe-
males for males and other types of role
reversal could account for the larger fe-
males of some species. This explanation
seems unlikely, however, since greater
female size is not usually accompanied
by an increased male parental role, by
female dominance or by matriarchal so-
cial orders in gregarious species.

Ralls argues instead that the common-
est selective pressure favoring larger
females is intense competition among
females for some resource, such as food,
that is critical to female reproductive
success. Because of the heavy energy de-
mands of female reproduction in mam-
mals it seems likely that this would
sometimes occur. Female southern fly-
ing squirrels, for example, defend terri-
tories whereas males do not, and in this
particular case it is clear that the fe-
males are competing for the resources
contained in the territories rather than
for males. A second explanation for the
larger females is known as the big-moth-
er hypothesis: larger females may give
birth to a greater number of viable off-
spring.

These selective pressures would also
seem to apply to many species where the
males are larger. Ralls gets around this
problem by arguing that in species with
larger females more than one selective
pressure must be acting, and that the
combined effects of such pressures are
not countered by the even stronger se-
lective pressures favoring larger males.
For example, the combination of rela-
tively large offspring, intense competi-
tion by females for resources and only
mild competition by males for mates
may account for the larger female body
size in some instances. The selection
pressures may also operate in both di-
rections: sexual selection in male mam-
mals can occasionally favor a smaller
male body size.

Still, many instances remain mysteri-
ous. Why are the females larger in gold-
en hamsters but not in Chinese and Eu-
ropean hamsters, if all three are solitary
species with similar food preferences?
Why are the females larger in only some
species of marmosets if all marmoset
species have large infants, similar social
orders and males that play a substantial Bushmills.
parental role? The complexity of the se- The workds oldest whiskey
lection pressures giving rise to larger The *Yachtsman”glass created for the Bushmills Collection by Henry Halem Indvduals l.mr.]:?‘ '“_“-.d this
females suggests that sexual selection R e ad sl st o S ICONRIT Y ARIICY SOLX S0
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may be insufficient to account for all
instances among mammals where the
males are larger.

An Older Metallurgy

decade ago Wilhelm G. Solheim II

of the University of Hawaii un-
earthed at Non Nok Tha, an archaeo-
logical site in northeastern Thailand,
cast bronze ax heads of surprising antiq-
uity: carbon-14 dating of the strata
above and below the ax heads indicated
that they were somewhat more than
4,000 years old. Now one of Solheim’s
students, Chester F. Gorman of the Uni-
versity of Pennsylvania, and a Thai col-
league, Pisit Charoenwongsa of the Na-
tional Museum of Bangkok, have jointly
announced the discovery at Ban Chiang,
a site not far from Non Nok Tha, of
bronze spearheads, bracelets and an-
klets more than 5,500 years old.

The Ban Chiang bronzes appear to be
at least five centuries older than the old-
est bronzes heretofore known anywhere
in the world: those from the supposed
cradle of bronze metallurgy in the Near
East. Even more significant, they pre-
cede by some two millenniums the earli-
est suggested date for the possible first
appearance of bronze in China. This ev-
idence and other archaeological findings
at Ban Chiang and elsewhere in Thai-
land provide a strong indication that the
diffusion of post-Neolithic technology
and culture in the Far East has by no
means always followed the one-way
path from northern China outward
commonly postulated by students of
Oriental civilization.

The ores of both copper and tin, the
constituents of bronze, are relatively
abundant in the region bordering north-
eastern Thailand. That the prehistoric
population of the region could work
copper ore has been known since 1968.
In that year Donn T. Bayard of the Uni-
versity of Otago in New Zealand discov-
ered a socketed copper tool at Non Nok
Tha that is as old as the Ban Chiang
bronzes and perhaps even older. Metal-
lurgical analysis revealed that the cop-
per ore from which the tool was made
had first been heat-treated by roasting
and may even have been smelted.

Third Man

For most of the 19th century physical
investigations in the U.S. lagged
well behind those in Europe. In the last
quarter of the century, however, Ameri-
can physics had begun to catch up. The
most productive American physicists
of the time are usually given as having
been A. A. Michelson and Josiah Wil-
lard Gibbs. In a recent issue of Physics
Today John D. Miller of the University
of California at Berkeley argues that
there is a third man who deserves to be
ranked with them: Henry A. Rowland.

Rowland, born in 1848, did his first
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serious experiments in his boarding-
house room in Troy, N.Y ., where he was
enrolled at the Rensselaer Technologi-
cal Institute. Much influenced by Mi-
chael Faraday’s Experimental Research-
es in Electricity, he began to investigate
the nature of electricity and magnetism.
Three years after he was graduated in
1870 his experiments led him to discov-
er a magnetic analogy to Ohm’s law for
electric circuits. Ohm’s law states that
the current in a circuit is proportional to
the voltage and inversely proportional
to the resistance; Rowland’s equation
stated that the number of magnetic lines
of force passing through a bar mag-
net was proportional to the strength of
the magnet and inversely proportional
to the resistance of the material of the
magnet to being magnetized.

As early as 1868 Rowland suspected
that a charged body moving through
space would create a magnetic field such
as the field associated with an electric
current, a concept independently ar-
rived at by James Clerk Maxwell some
years later. In 1875 Rowland visited En-
gland and discussed his hypothesis with
Maxwell, and that fall he verified it
while studying under Hermann von
Helmholtz in Berlin.

Early in 1875 Rowland had also been
hired at Johns Hopkins University.
When he returned to Baltimore from
Europe, he systematically began to as-
semble an ambitious collection of scien-
tific apparatus for his laboratory at
Johns Hopkins. Within a few years his
equipment was the finest to be found
anywhere in the world; by the early
1880’s it was said that Johns Hopkins
would be the loser if it exchanged its
apparatus for that at the Cavendish
Laboratory in Cambridge.

It was also in the early 1880’s that
Rowland began his investigations in
spectroscopy. Today he is best known
for the techniques he developed for rul-
ing precise high-resolution diffraction
gratings. His gratings, which were the
best made anywhere in the world, facili-
tated the evolution of spectroscopy in
astronomy.

In later life Rowland became more
involved with commercially related sci-
entific work, and he obtained at least 19
patents for commercial electrical equip-
ment he had invented. He died in 1901,
at the age of 52.

According to Miller, Rowland’s math-
ematical work was on a level equal to
that of Gibbs and his European peers.
Moreover, Rowland’s meticulous stan-
dards of laboratory research deeply in-
fluenced the experimental techniques of
succeeding generations of physicists.
Michelson himself turned to Rowland
for advice when he was equipping a new
physical laboratory at the University of
Chicago in 1894. “In the end,” Miller
writes, “it was Rowland who set the
pace in U.S. laboratory physics in the
last quarter of the century.”
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The Space Shuttle.
It will help solve some of earth’s

How can we solve down-to-earth
problems from space? What about
costs? When will we start seeing
benefits from space?

Keep reading. You're in for
some surprises.

Estimates say that the Space
Program has already returned
fourteen dollars in benefits to our
economy for every dollar in-
vested. What’s more, knowledge
gained from space has played a
role in almost every new or im-
proved product we use.

Now, because of the Space
Shuttle — the world’s first reus-
able spacecraft — further prog-
ress will be possible and even
more economical. Through knowl-
edge gained by use of the Shuttle,
man will be in a better position to
solve problems on earth and im-
prove the con- -
dition of life.

Here are &
some of the ben- |
efits received |
from space so

far.
Environment

Nothing has so dramatically
created public concern for the en-
vironment as those first pictures
of earth from space. That view of
our small, finite globe carried its
own clear message: Cherish —
or perish.

And now that our earth can be
seen in its entirety, its ills can
be treated. Large-scale environ-
mental management is possible
because of information supplied
from space.

Air and water pollution — and
their sources — can be detected.

First signs of forest fires can
be spotted.

Space photos are being used
to determine power plant sites,
assess flood potential and damage,
take inventory of forests and
wildlife.

Food

Landsat satellites are demon-
strating that space systems can
dramatically improve the world’s
agricultural forecasting and
supply capability.

Crop identification
is now performed P

routinely by satellite — giving
food planners accurate, advance
information on harvests while
satellite weather warnings help
avoid massive destruction.

Space sensors can detect early
stages of crop disease and insect
infestation.

Resources

Space-based instruments have al-
ready located water in places
where it is vitally needed.

Photos from Skylab and Land-
sat are used by mining and oil
companies in their exploration
programs.

Efficient, long-duration solar
power systems have been de-
veloped for remote
weather and forest fire
observation posts.
These are forerunners
of what will be large-
scale solar power
stations on earth and
eventually in space.
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Still more

Hurricane warnings from weather
satellites have saved an estimated
100,000 lives.

The benefits of communication
satellites are already taken for
granted: low-cost direct dialing to

almost any-
where, video
transmission of
medical and educational information,
live news and sports telecasts

from around the world.

Heart pacemakers, paramedic
telecare units and ultrasonic cardio-
scopes — all are outgrowths of
space technology.

And how about integrated
circuits — those tiny electronic
wonders that gave us handheld
calculators and caused a veri-
table revolution in reliability of
all things electronic?
They’'d
still be
decades
away if
their de-
velopment
hadn’t
been ac-
celerated
by the
Space Program. Instead, they’ll
have added an estimated $5 billion
to our economy by 1982.




toughest problems.

September 17, 1976:
Space Shuttle rollout.

The first manned flight will take
place in early 1979.

The Shuttle will be launched like
arocket, haul like a truck and land
like an airplane.

Its payloads will be satellites
with specific missions which will
put space to work for man.

The Shuttle will also provide
new capabilities like hauling multi-
ple satellites in a single mission
. . . performing in-orbit servicing
and returning repairable systems.

Because it will be a reusable
vehicle — up to 100 times — the
Shuttle will cost less to operate.
Twice the payload at about half the
cost of conventional boosters.

A proud f e e
contributor
Rockwell
International,
a major par-
ticipant in
America’s Space Program, is
prime contractor for NASA’s
Space Shuttle.

We're proud of this opportunity
to make an important contribution
to a project of such enormous po-
tential value to the future of man-
kind.

Want to know more?

Send for our free booklet,
“Why?” Write to:

Rockwell International,
Department 815S, 600 Grant
Street, Pittsburgh,

PA 15219.

Rockwell
International

o\

..where science gets down to business
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The Cycles

of Plant and Animal Nutrition

Energy and inorganic nutrients are processed for human consumption

by plants, animals and microorganisms. Modern agriculture ensures

man’s food supply by subsidizing the growth of these other species

by Jules Janick, Carl H. Noller and Charles L. Rhykerd

he nutrition of all forms of life is

necessarily in equilibrium. The

solar energy absorbed by photo-
synthetic plants is passed along to a vari-
ety of other organisms, and it may take a
long and complicated path through the
biosphere. Ultimately, however, all of it
is radiated back into space; if it were
not, the temperature of the earth would
rise. Similarly, inorganic substances in
soil, water and air are absorbed by
photosynthetic plants and incorporated
into organic molecules that become the
nutrients for animals, for certain other
plants and for microorganisms. Some of
these substances may be sequestered for
long periods in an inaccessible form, but

MIDDLE
PALEOZOIC

LOWER
PALEOZOIC

if the biological system is stable, all of
them must eventually be returned to the
pool of plant nutrients.

Because of the requirement of equi-
librium the global biological system can
be considered as being a continuous
flow of energy and nutrients through a
network of interlocking cycles. The
function of agriculture is to divert this
flow to the benefit of a single species.
Natural forms of vegetation are re-
placed by cultivated varieties that have
been selected for their efficiency in man-
ufacturing foodstuff for man. Domesti-
cated animals are introduced for a simi-
lar purpose. A third essential link in the
food chain—the microorganisms—still

ENERGY EQUILIBRIUM of the earth’s
surface is suggested by the image on the op-
posite page, made with radiation in the ther-
mal infrared portion of the electromagnetic
spectrum. The photograph was made in Au-
gust, 1973, from an altitude of 275 miles
by an instrument on Skylab 3. It covers the
region in the vicinity of Green Bay, Wis.,
shown in the map at the left. The intensity of
the thermal infrared radiation emitted by a
surface is determined mainly by its tempera-
ture. Here the relative level of emissions is
indicated by color; in order of increasing in-
tensity the colors are white, cyan, red, green,
blue, yellow, magenta and black. The broad
belt of land that appears mainly yellow and
magenta borders on Lake Michigan, which is
just beyond the frame of the image to the
right. Yellow and magenta also predominate
in Lake Winnebago and Green Bay. The
most distinctive feature of the landscape is
an abrupt transition to stronger thermal emis-
sions, which appear black. The transition cor-

ds to a boundary between regions of
dlﬂerent underlying geology and different to-
pography. The yellow-and-magenta area is
mainly wet lowlands; the black area is more
hilly and somewhat drier. The entire region is
one of intense agricultural development, be-
ing given over mainly to dairy farms. All the
solar energy absorbed by the earth is eventu-
ally reradiated into space, much of it at ther-
mal infrared wavelengths. The small part em-
ployed by plants for photosynthesis passes
through food chain before being reradiated.
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consists mainly of wild species, but agri-
cultural technology may eventually in-
tervene in this part of the cycle as well.
The diversion of the flow of nutrients
through the food cycle is the aim of all
agricultural technologies. The distinc-
tion of modern agriculture is that it has
augmented the food supply by increas-
ing the rate at which nutrients flow
through the cycle. This has been accom-
plished by several methods, but by far
the most common and one of the most
important consists in speeding the re-
turn of nutrients to the soil, where they
can be reabsorbed. Hence in order to
feed the human population we must en-
sure the nutrition of an assortment of
plants, animals and microorganisms.

The earth intercepts a vast amount of
solar energy, but only a little of it
is available for biological purposes.
About 60 percent is reflected without
interacting further and most of the re-
mainder is absorbed by the atmosphere
or by oceans and landmasses and is
promptly reradiated as heat. On the
scale of the planetary energy budget the
amount of sunlight absorbed by green
plants and stored in chemical form is
almost insignificant. It is less than 1 per-
cent of the total incident energy, and it is
well within the range of computational
error.

In the plant, sunlight is absorbed by
pigments: molecules whose bright col-
ors signify that they strongly absorb
some part of the optical spectrum. The
most important pigment is chlorophyll,
which absorbs both red and blue light,
but several others are also found in al-
most all plants; together they can make
use of almost all wavelengths in the visi-
ble part of the spectrum.

The solar energy absorbed is em-
ployed by the plant to drive a complicat-
ed sequence of chemical reactions that
has the net effect of transferring two at-
oms of hydrogen from a molecule of
water to a molecule of carbon dioxide.
The products of the reaction are free
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MACRONUTRIENTS

NITROGEN
CALCIUM
PHOSPHORUS
MAGNESIUM
POTASSIUM
SODIUM
CHLORINE
SULFUR

AMINO ACIDS
LYSINE
METHIONINE AND CYSTINE
PHENYLALANINE AND TYROSINE
TRYPTOPHAN
LEUCINE
ISOLEUCINE
THREONINE
VALINE
HISTIDINE
ARGININE

FATTY ACIDS
LINOLEIC ACID
ARACHIDONIC ACID

MICRONUTRIENTS
COPPER
IRON
IODINE
MANGANESE
COBALT
ZINC
SELENIUM
MOLYBDENUM
BORON

VITAMINS
VITAMIN A
VITAMIN D
VITAMIN E
VITAMIN K
ASCORBIC ACID
THIAMINE
RIBOFLAVIN
NIACIN
VITAMIN B-6
PANTOTHENICACID
VITAMINB-12
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oxygen, which is released to the atmo-
sphere, and carbohydrates, compounds
made up of carbon, hydrogen and oxy-
gen. The energy of these products is
greater than that of the carbon dioxide
and the water; the added energy can be
recovered and put to work. It can be
recovered most simply by recombining
the oxygen and the carbohydrates; that
process, respiration, is the principal
mechanism from which the vast majori-
ty of organisms derive their energy.

Carbon that has been converted to or-
ganic form through photosynthesis is
called fixed carbon. Some of it is uti-
lized immediately to meet the metabolic
needs of the plant, including the synthe-
sis of other essential molecules, such as
the amino acids that make up proteins.
The rest of the fixed carbon is stored,
usually in the form of polysaccharides:
large molecules made of many simple
sugar units linked together. By far the
commonest polysaccharide in plants is
cellulose, the fibrous material responsi-
ble for the rigidity and structural integri-
ty of leaves and stems. Energy reserves
for the plant and its progeny are often
provided by another polysaccharide,
starch, stored in seeds and in specialized
organs such as tubers, rhizomes, bulbs
and corms. Animals derive almost all
their energy directly or indirectly from
the decomposition of these two polysac-
charides. Cellulose and starch are close-
ly related: both consist of long chains of
the sugar glucose. They differ only in the
geometry of the bonds between the glu-
cose units. This small difference in struc-
ture, however, brings vast differences in
the physical properties of the two mole-
cules and in their suitability as a constit-
uent of animal diets.

Green plants capture solar energy
with an efficiency of from 15 to 22 per-
cent, ‘which exceeds the efficiency of
energy conversion in many industrial
technologies. The energy represented by
the fixed carbon is passed along the food
chain when plant materials are con-
sumed by other organisms. With each
transition a portion of the energy is lost,
in some cases the major portion. A hun-
dred thousand pounds of marine algae
must be transferred through the food
chain to produce a pound of codfish. All
the remaining energy of the algae is dis-
sipated, mainly as heat. The codfish it-

NUTRITIONAL NEEDS of plants and ani-
mals are fundamentally different. The nutri-
tional needs of plants can be expressed as a
list of elements, whereas animals require
more complex, organic molecules, such as
amino acids (the constituents of proteins), fat-
ty acids and vitamins in addition to minerals.
Among animals the ruminants are exception-
al in that many of their nutritional require-
ments can be met through the synthetic ac-
tivities of microorganisms in the rumen. In
addition to the nutrients shown, all organ-
isms require carbon, hydrogen and oxygen.
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self is soon reduced to heat and a few
low-energy substances: carbon dioxide,
water and minerals.

This enormous loss of energy may
seem improvident, but it is not germane
to the problem of feeding the human
population. The annual production of
fixed carbon by green plants on land and
in the seas is about 150 billion tons; hu-
man consumption is about 260 pounds
per person. Thus the energy captured by
plants far exceeds human needs; if it
could all be directed to human nutrition,
it could support a population of 1.15
trillion, more than 280 times the present
population. The food supply is not lim-
ited by a scarcity of sunshine.

The quantity of energy that is impor-
tant in calculations of agricultural effi-
ciency is the energy that must be sup-
plied by man in order to concentrate and
extract nutrients. Under natural condi-
tions plant life is often sparsely distrib-
uted and little of the available organic
matter is in a form directly useful to
man. The intermediary use of a grazing
steer is an inefficient step in the conver-
sion of sunlight to human food. On
rangeland, however, where the availa-
ble plant life is scattered and consists
mainly of grasses and other species with
a high fiber content, the steer harvests
the nutrients under its own power, with

only a small energy subsidy from man.
Most of the final product—beefsteak—
represents a net gain.

Few habitats are so harsh that noth-
ing will grow: the arctic and alpine re-
gions have their tiny wildflowers, and
even the urban sidewalk is pierced by
crabgrass. Under such circumstances
plants make effective use of very scarce
nutrients. Agriculture is profitable,
however, only where a plant species of
some value to man can be grown with a
high yield. If a worthwhile yield is to be
achieved, all the nutrients needed by the
plant must be supplied in virtually opti-
mum amounts.

Compared with the complex nutrition-
al requirements of man and of oth-
er animals the needs of plants are quite
simple. Plants subsist entirely on inor-
ganic materials, and even they make up
only a short list. The major nutrients are
carbon dioxide, oxygen and water, and
these substances are required in quanti-
ties so large that they are often consid-
ered in a category apart from the other
nutrients. Carbon dioxide and oxygen
are of course universally available (at
least to land plants), and under field con-
ditions they probably never fall to levels
low enough to impair growth. Water is
also an abundant resource, although it is

HORIZON
0 LITTER

A ORGANIC AND
MINERAL PARTICLES

B FINE PARTICLES

C WEATHERED ROCK

SOIL is the principal source of nutrients for plants and the site of a number of important trans-
formations in the food cycle. The inorganic constituents of soil, produced by the weathering of
rock and by the crystallization of minerals, are classified by texture as clay, silt, sand and grav-
el. An additional component of great importance is the organic material called humus. Clay
and humus are colloids whose particles have a large surface area; they readily adsorb nutri-
ents and retain them for later absorption by roots. A cross section of soil generally reveals a se-
quence of layers, or horizons; the 4 horizon corresponds to what is commonly called topsoil.
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less uniformly distributed. The relation
of water supply to plant growth has
surely been understood since before the
beginnings of agriculture. Water is often
a factor limiting growth, and the correc-
tion of water deficiency by irrigation can
yield spectacular benefits.

In all, 16 elements are known to be
necessary for the growth of plants. Air
and water supply carbon, hydrogen and
oxygen. In addition to these three ele-
ments, nitrogen, potassium and calcium
are required in relatively large quanti-
ties. The remaining nutrients are needed
in lesser amounts, and for some only a
trace is needed. They are phosphorus,
magnesium, sulfur, manganese, boron,
iron, zinc, copper, molybdenum and
chlorine.

Except for carbon, hydrogen and oxy-
gen, all the nutrients must be absorbed
from the soil. The nutrition of plants is
thus dependent on the ability of the soil
to store essential elements and to make
them available in a biologically active
form. Many of the most important
events in the growth of a crop take place
below the surface of the soil; as a result
soil occupies a central position in sever-
al biological cycles.

Soil is formed by the weathering and
disintegration of rock and by the synthe-
sis of both crystalline and amorphous
minerals. In addition, the character and
composition of the soil are altered by
biological activity. The process of soil
formation is a continuous, evolutionary
one. Vertical sections of most soils re-
veal a sequence of horizons, or layers: at
the surface there may be a layer of loose
litter, below that a layer rich in organic
material and often called “topsoil,” be-
low that the ‘“subsoil” and finally the
parent rock in various stages of weather-
ing. The soil profile is a historical docu-
ment, recording the sequence of proc-
esses that contributed to the develop-
ment of the soil.

The mineral components of soil are
classified according to the size of their
particles as clay, silt, sand and gravel. In
addition there is an important organic
constituent, humus, that is made up of
decay-resistant residues such as lignins,
waxes, fats and some proteinaceous ma-
terials. Humus has a profound influence
on the physical and chemical properties
of the soil. The coarser particles of silt,
sand and gravel have properties essen-
tially like those of the rock from which
they are derived. Clay and humus, how-
ever, are colloids, or suspensions of mi-
croscopically fine particles, and they are
the most active components of the soil.
They are particularly well adapted to
the retention of mineral nutrients.

The texture and structure of a soil are
important in determining its suitabil-
ity for agriculture. Texture is mainly a
function of particle size, which in turn
determines the size of the voids between
particles. Sandy soils have large pores,
with the result that water tends to drain



through them quickly; the water itself is
thereby lost to roots, and it also carries
away soluble nutrients. The very small
pores of clay soils retain water by capil-
lary action, providing the aqueous me-
dium that is essential for the transport of
nutrients. On the other hand, soils with
too much clay can become permanently
waterlogged, blocking the aeration of
the roots.

The most productive soils have a
crumbly structure developed when
small colloidal particles are cemented
together by organic materials, particu-
larly the exudates of microorganisms.
Such soils are well aerated and have a
large capacity for retaining water.

he great importance of the colloidal

particles of clay and humus is their
capacity for adsorbing ions. The col-
loids have an enormous surface area
with respect to their volume: in clay the
surface area may reach 800 square me-
ters per gram. Moreover, the particles
bear a negative electric charge and
therefore attract cations, or positively
charged ions, to their surface. In this
way nutrients that otherwise would be
lost by leaching are held in reserve for
later use by plants.

The cations are not rigidly bound to
the colloidal particles, and they can be
displaced by other ions. If all the ions
are present in equal concentration, sodi-
um ions are replaced by potassium ions,
and they in turn are replaced by magne-
sium. Calcium ions replace the magnesi-
um, and finally hydrogen ions replace
the calcium. Hydrogen ions are evolved
continuously as carbon dioxide dis-
solves in the groundwater and forms
carbonic acid; the carbon dioxide is re-
leased by the respiration of living roots
and by the biological decay of carbohy-
drates. The steady release of hydrogen
ions promotes the exchange of cations,
making them available for plant growth.
The supply of the other cations is re-
plenished by the decomposition of rock
and the degradation of organic materi-
als. In an agricultural context, of course,
the concentrations of all the cations can
be altered at will by the application of
fertilizers, but the importance of clay
and humus in storing the nutrients and
making them available to roots remains.

The cation-exchange capacity of a
soil depends on the amount of humus
and clay present and on the composition
of the clay. Sand is relatively inert, and
sandy soils low in organic matter are
unreactive and infertile, although they
can be made productive by fertilization
and irrigation. Silt is slightly more re-
active than sand but is generally much
less reactive than clay. Clays differ in
their ability to exchange cations by a
factor of 10; humus may be twice as
reactive as the most reactive clays. For
this reason humus plays a role in plant
nutrition out of proportion to the mod-
est amounts of it found in most soils.
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ENERGY CYCLE in the biosphere is driven by the photosynthetic activities of green plants.
The plants employ solar energy to convert inorganic nutrients into energy-rich organic com-
pounds, particularly carbohydrates and proteins. Almost all other organisms sustain life by
breaking down the products of photosynthesis into their simpler constituents. All animals, for
example, depend for their nutrition entirely on plant life, directly in the case of herbivores, in-
directly in the case of primary and secondary predators. Finally, the waste products and dead

ti of both plants and

Is make up the diet of decay organisms, which extract the re-

maining available energy from these materials and return them to inorganic form. The relative
quantities of radiant energy received by the earth and radiated back into space and the bio-
mass of the various organisms in the food chain are represented by the volume of the cubes.

In the humid Tropics soils tend to be
of low productivity: their clays have a
low capacity for cation exchange and
humus does not accumulate because the
high temperatures of equatorial cli-
mates promote the rapid decomposition
of organic matter. The problem is exac-
erbated by copious precipitation, which
leaches nutrients from the soil. The lush
vegetation of the humid Tropics seems
to suggest great agricultural potential;
actually the fertility of the soil is low.
The plants of the rain forest are able to
achieve their luxuriant growth only be-
cause they are adapted to their habitat
and rapidly absorb the nutrients re-
leased by decaying organic matter be-
fore they can be leached away. This
equilibrium is fragile. The direct exten-
sion of the agricultural practices of the
Temperate Zone to tropical climates is
seldom successful because the nutrient
cycle is broken and productivity steadily
declines.

The pH of the soil has a profound ef-
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fect on plant growth. Abnormally alka-
line soils (those with a pH of 9 or above)
and very acid soils (with a pH of 4 or
below) are in themselves toxic to roots.
Between these extremes the direct effect
of soil pH on most plants is minor, but
the indirect effect on the availability of
nutrients can be tremendous. Phospho-
rus, for example, becomes insoluble and
therefore unavailable if the soil is either
very acid or very alkaline. The pH also
affects soil organisms, particularly bac-
teria. High acidity, which is typical of
humid areas, inhibits both nitrogen fixa-
tion and the decay process. Acid soils
can be neutralized by applying lime-
stone (ground calcium carbonate and
magnesium carbonate rock); excessive
alkalinity, which is typical of arid areas,
can be corrected by the addition of acid-
forming fertilizers or by leaching to re-
move excess salts.

A final component of soil that must
not be neglected is the indigenous popu-
lation of living organisms. An acre-foot
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MINERAL CARBON

CARBON CYCLE involves two competing processes: photosynthesis and respiration. During
photosynthesis plants convert carbon dioxide and water into carbohydrates and free oxygen.
The latter combination of substances represents a rich store of energy, which is utilized in res-
piration as the carbohydrates and oxygen are recombined to yield carbon dioxide and water
again. Respiration is common to all organisms that can live in the presence of oxygen, and thus
all contribute to the return of carbon dioxide to the atmosphere. Some carbon is sequestered
in minerals such as coal and petroleum, but that too is returned to the cycle when it is burned.
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NITROGEN CYCLE traces the circulation of the nutrient that is often the factor limiting the
growth of plants. Atmospheric nitrogen is useless to plants; the element must be supplied in
“fixed,” or combined,form, as in ammonium ions (NH,*) or nitrate ions (NO3-). A little nitro-
gen is fixed by lightning and other processes in the atmosphere, and a more important contribu-
tion is made by bacteria, notably those that live symbiotically in the root nodules of legumes.
Nevertheless, the pool of available nitrogen in most soils remains small. The element is re-
moved by leaching and by bacteria that return it to the atmosphere, and it is lost through the
harvesting of crops. To compensate for these losses nitrogen fixed industrially is applied to
the soil as fertilizer; industrial fixation has become a major component of the nitrogen cycle.
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of fertile soil may contain more than
three tons of living matter, including
bacteria, fungi, protozoa, algae, nema-
todes, worms and insects. These orga-
nisms are entirely responsible for the
breakdown of organic matter into sim-
ple nutrients that can be absorbed by
plant roots. The microorganisms feed
on plant and animal refuse and the
plants feed on the excretions and decay
products of the microorganisms. Soil
fauna and microorganisms also help
to maintain soil structure and aeration.

In the mid-19th century Justus von Lie-
big formulated his law of the mini-
mum, which states that plant growth is
limited by the availability of whatever
nutrient is scarcest. Thus it is of little
benefit to irrigate a crop that is stunted
for lack of nitrogen, and if the nitro-
gen deficiency is corrected, some other
nutrient will become the limiting fac-
tor. The strategy of agriculture must be
to provide all nutrients in adequate
amounts and in optimum proportions.

Nitrogen is commonly the limiting el-
ement. Because it is a constituent of all
proteins and of many other biological
molecules it is required in relatively
large amounts. Furthermore, much ni-
trogen is removed from the soil by
leaching and erosion, by the action of
microorganisms and by the plants them-
selves. The amount readily available in
most soils is small.

Nitrogen, of course, is the major con-
stituent of the atmosphere, and the col-
umn of air above an acre of land con-
tains 75 million pounds of it. This form
of nitrogen, however, is useless to most
plants; to be biologically active the ni-
trogen must be “fixed” by being com-
bined with other elements. In nature ni-
trogen fixation is accomplished in the
soil, primarily by bacteria. The most ef-
ficient of these bacteria are symbiotic:
they fix nitrogen only in association with
the roots of legumes and of some tropi-
cal grasses.

Nitrogen in the soil is found largely in
organic matter in various stages of de-
composition, but the nitrogen remains
unavailable to plants until it is convert-
ed to ammonium ions (NH,4*) or nitrate
(NOj3-) ions. The circuitous route of ni-
trogen from element to amino acid to
protein and back to the elemental form
is the most intensely studied of the nutri-
ent cycles. Much of plant and animal
nutrition pivots on the availability of ni-
trogen-containing compounds.

The breakdown of proteins into ami-
no acids in the soil is carried out by bac-
teria, which utilize the energy released
by this process for their own growth.
Only after the death and disintegration
of the bacteria is the nitrogen available
to roots.

The further breakdown of amino ac-
ids into inorganic nitrogen compounds
is accomplished in several steps, each
mediated by a specific group of bacteria.



First, ammonium ions are liberated
from the amino acids; then the ammoni-
um ions are converted to nitrite ions
(NO;-) and finally to nitrate ions
(NOj3~). The bacteria that produce ni-
trites and nitrates are autotrophic and
aerobic, that is, they do not require or-
ganic nutrition but do require oxygen.
They are greatly affected by soil aera-
tion and by temperature and moisture.

Like the conversion of nitrogen to a
form in which it can be assimilated, the
removal of nitrogen from the soil is
largely a biological process. Much of it
is lost to plants, and when a crop is har-
vested, the loss is permanent. Fixed ni-
trogen is also removed from the pool of
nutrients by certain soil bacteria, which
convert nitrates back to atmospheric ni-
trogen. This process is an anaerobic one:
it can proceed only in the absence of
oxygen. Thus a lack of proper aeration
results in the loss of available nitrogen.
Furthermore, nitrates are readily solu-
ble in water, and if they are not utilized
by microorganisms or higher plants,
they can be lost by leaching. The level of
available nitrogen is therefore depen-
dent on the amount of organic matter in
the soil, on the population of microorga-
nisms and on the extent of leaching.

Under natural, nonagricultural condi-
tions an equilibrium is reached between
the rate of plant growth and the forces
that affect the supply of nitrogen in the
soil. In many agricultural systems, how-
ever, this equilibrium is disturbed. The
harvesting of a crop tends to deplete ni-
trogen not only through the direct ef-
fects of removing the plant life but also
through increased erosion and a reduc-
tion in soil organic matter. For this rea-
son intensive agriculture depends on the
addition of nitrogen as fertilizer.

Traditionally nitrogen fertilizers were
derived from organic sources, particu-
larly animal manures such as guano: the
accumulated droppings of birds. Later
supplies included sodium nitrate, mined
in Chile, and ammonium sulfate, a by-
product of coke ovens. Today most ni-
trogen fertilizer is synthesized by the
Haber process, in which atmospheric ni-
trogen is reacted with hydrogen to form
ammonia. The ammonia can be applied
directly or it can be employed as a raw
material for the manufacture of urea,
nitrates or other nitrogen compounds.

The hydrogen required by the Haber
process is generally extracted from nat-
ural gas, and the cost of that fuel makes
up most of the cost of the manufactured
nitrogen fertilizer. The synthesis of a ton
of anhydrous ammonia requires 30,000
cubic feet of natural gas. Hence through
industrial nitrogen fixation fossil fuels
enter directly into the nutrient cycle;
their cost is recouped through the value
added to the crop by fertilization.

The remaining nutrient elements are
somewhat less likely to present a lim-
itation to growth, but that is not to say
they are less important. In some cases

the amount required is small, but it is
an absolute requircment. Phosphorus is
a constituent of nucleic acids and of sev-
eral molecules involved in the transport
of energy, but it is required only in small
amounts. Dry plant materials contain
about 2 percent nitrogen but only .2
percent phosphorus. Nevertheless, most
soils are unable to supply enough phos-
phorus for maximum growth. Phospho-

MOUTH

rus, unlike nitrogen, is relatively stable
in the soil and leaching is negligible; on
the other hand, the availability of phos-
phorus is dependent on soil pH. Phos-
phate fertilizer is widely applied, most
often in the form of “superphosphates”
obtained by treating rock phosphate
with sulfuric acid or phosphoric acid.
Potassium is required in relatively
large amounts, although its precise role
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ANATOMY OF THE DIGESTIVE TRACT is the principal determinant of animal diet; in
particular it determines whether or not an animal can derive sustenance from cellulose, the
most abundant plant product. The digestion of cellulose is dependent on enzymes secreted by
bacteria. In animals with simple stomachs, including carnivores such as the dog and omnivores
such as man and the pig, the appropriate bacteria are found only in the cecum and colon, and
the food passes through these structures too quickly for digestion to be effective. In nonrumi-
nant herbivores such as the horse the cecum and colon are more highly developed, but resi-
dence time is still limited and some nutrients required by the bacteria are removed earlier in
the tract, so that cellulose digestion is inefficient. In ruminants, such as the cow, the bacterial
degradation of cellulose is accomplished at the start of the alimentary tract, in the rumen. The
full length of the intestine, cecum and colon is available for the absorption of the nutrients.
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in plant physiology is not well under-
stood. It is available as an exchangeable
ion adsorbed on the soil colloid. Soils
that contain relatively little humus are
often rich in potassium, but it is in an
insoluble form and therefore unavail-
able. Organic soils are usually deficient
in potassium. Hence fertilization is of-
ten required; the major fertilizer is po-
tassium chloride.

The calcium content of plants varies
by species (it is low in grasses and high in
legumes), but calcium is seldom defi-
cient as a nutrient. The collateral effects
of calcium on the soil, however, are nu-
merous, with the result that the calcium
content is frequently amended. The ele-
ment has an influence on the activities of
microorganisms, on pH and on the ab-
sorption of other ions. Calcium is pres-
ent in the soil as a water-soluble, ex-
changeable cation, in combination with
organic compounds and in insoluble
minerals such as the feldspars horn-
blende and calcite.

Magnesium, a constituent of the chlo-
rophyll molecule, is absorbed by roots
as an ion. It is found in the soil solution
as an exchangeable cation, and deficien-
cies are rare.

Sulfur, a constituent of two amino ac-
ids, cystine and methionine, and of the
vitamins biotin and thiamine, is not
available in large amounts in the soil.
It is continually leached, but new sup-
plies are also continuously added by
the breakdown of sulfur-containing
minerals, such as pyrite. In industrial
regions sulfur is also added by rainfall,
since rain absorbs sulfur dioxide from
industrial pollution.

Manganese, boron, iron, zinc, copper,
molybdenum and chlorine are required
by plants only in minute amounts. Defi-
ciencies, although not widespread, can
severely limit productivity. Molybde-
num deficiency has been implicated as a
factor causing low levels of nitrogen fix-
ation in some areas.

Apart from light, air and water, the
most conspicuous demand a plant
makes on its environment is for miner-
als. Animals too require minerals, but
they also have more complex dietary
needs, which cannot be expressed by a
simple list of chemical elements. The
nourishment of animals is dependent on
organic substances: carbohydrates, fats,
vitamins and proteins or the amino acids
of which proteins are made. All these
substances must be derived directly or
indirectly from green plants, and ani-
mals are therefore effectively parasites
on the plant community. They obtain
energy by breaking down the energy-
rich products of photosynthesis into
simpler, less energetic molecules. For
example, an animal can ingest glucose
and combine it with oxygen to release
energy, carbon dioxide and water; this
process, respiration, is the exact oppo-
site of photosynthesis.

Virtually all animals feed in essential-
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ly the same way: organic substances are
ingested and partially decomposed by
digestive enzymes so that the nutrients
can be absorbed. The partial decompo-
sition is the function of the digestive
tract. The species differ, however, in the
kinds of food that are acceptable to
them. Among the vertebrates the most
significant distinction is between those
animals that gain sustenance from cellu-
lose and those that require other forms
of carbohydrate.

The importance of this distinction re-
flects the extraordinary importance of
cellulose in the global nutrient cycle. A
major share of the energy budget of
most green plants is dedicated to the
manufacture of cellulose, and cellulose
is the most abundant material in the
structure of plants. It represents an
enormous energy resource.

Mammals do not make enzymes that
are capable of breaking the bonds be-
tween the glucose units in cellulose, and
it therefore has no direct nutritive value
for them. A number of bacteria do se-
crete the appropriate enzymes. Mam-
mals that sustain themselves on a diet
rich in cellulose are able to do so by
virtue of the fact that these bacteria
grow in their digestive tract. Through
fermentation the bacteria partially de-
compose the cellulose, skimming off
some of the energy to support their own
life cycle. The decomposition is com-
pleted by the host animal, which by re-
ducing the molecules to carbon dioxide
and water extracts the remaining ener-
gy. Moreover, the dead bacteria can
also be digested. The dietary strategy
amounts to a kind of internal agricul-
ture.

Animals can be classified in three
groups based on their abilities to assimi-
late cellulose, a classification that is re-
flected in the structure of their digestive
apparatus. Carnivores, such as the dog,
and omnivores, such as man and the pig,
have simple stomachs and have diffi-
culty digesting cellulose. Nonruminant
herbivores, such as the horse, the rabbit
and the guinea pig, can derive suste-
nance from cellulose, but they assimi-
late it less efficiently than the ruminants.
Ruminant herbivores, such as cattle,
sheep, goats, deer, buffalo and many
others, can efficiently break down cellu-
lose and extract a large proportion of
their dietary calories from it.

In animals with simple stomachs diges-
tion is carried out mainly by indige-
nous enzymes: those secreted by the ani-
mal itself. Most of the enzymes are
manufactured in the pancreas and by
mucosal cells in the wall of the stomach
and the small intestine. The main site
of nutrient absorption is the small in-
testine. Bacteria are found in the ce-
cum and colon, but food residues pass
through these parts of the digestive tract
quickly, with little bacterial digestion.
In nonruminant herbivores the bacte-
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rial populations of the cecum and colon
are more important. Dietary cellulose is
digested there by the bacteria, produc-
ing acetic acid, propionic acid and bu-
tyric acid; these organic acids are waste
products of the microorganisms but
energy-rich foods for the host animal.
Some of the amino acids and vitamins

NONRUMINANT (PIG)
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DIETARY STRATEGY of ruminants and
nonruminants differs markedly. Nonrumi-
nants simply assimilate that portion of their



synthesized by the bacteria can also
be absorbed.

The efficiency of this process may be
limited because some nutrients required
by the bacteria are absorbed in the small
intestine, before they reach the microor-
ganisms. Moreover, some of the nutri-
tionally valuable products of the bacte-

ria may be lost in the feces because of
inefficient absorption in the cecum and
colon.

The superlative adaptation to the
challenge of a diet rich in cellulose is
found in the ruminants. Bacterial fer-
mentation of fibrous foods is concen-
trated in an extensive fermentation vat,

RUMINANT (COW)

the rumen, at the beginning of the diges-
tive tract. There cellulose is broken
down into smaller molecules, and the
capabilities of the bacteria for synthe-
sizing amino acids and certain vitamins
are exploited. The bacterial transforma-
tion is accomplished before the food en-
ters the small intestine, so that the full
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diet which is digestible and excrete the rest. Ruminants divert a por-
tion of their food in order to raise an internal crop of bacteria. Both
the waste products and the breakdown products of the bacteria can
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then be absorbed as nutrients. The ruminant digestion is not more ef-
ficient than that of the nonruminant, but by breaking down cellulose

it makes use of a food
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that otherwise would not be available at all.
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EFFICIENCY OF LIVESTOCK measures the percentage of dietary crude protein and energy
converted to products edible by man. The highest efficiencies in the conversion of both pro-
tein (gray bars) and energy (color) are found in the production of eggs and milk. Cattle and
sheep raised for slaughter have a low efficiency, but because their diets can be composed largely
of material that is inedible to man their production can result in a net gain for human nutrition.

length of the intestine is available for the
absorption of nutrients extracted from
the food and synthesized by the micro-
organisms.

Farm animals have traditionally been
sustained by the direct consumption
of plant materials, such as grains and
grasses, but many other nutritive mate-
rials are potential dietary resources. For
example, the meal produced from soy-
beans, cottonseed and peanuts as a by-
product of oil extraction, and the wheat
bran, beet pulp and molasses produced
as a by-product of carbohydrate extrac-
tion, are all suitable feeds for many ani-
mals. Slaughterhouse wastes, such as
blood, bone meal and offal, and even
animal wastes, such as the manures of
cattle and poultry, can be fed to cattle.
Because of the ability of rumen bacteria
to synthesize amino acids cattle can
even be fed sources of inorganic nitro-
gen, such as ammonia or urea.

With the variety of feedstuffs availa-
ble, the number of potential animal-ra-
tion formulations is almost unlimited.
In poor countries livestock and man are
in competition for the available grain.
As a result grain is fed only to animals
that are efficient converters of calories
to tissue, such as the chicken and the pig,
and to animals needed for work. Rumi-
nants either graze or consume wastes.

In rich and agriculturally productive
countries, on the other hand, there is
only limited competition for food. It is
therefore possible to increase the pro-
ductivity of animals by supplementing
their diet with grain. Swine and poultry
can consume essentially all their nutri-
ents in concentrated form. In the U.S.
beef breeding cows spend almost their
entire life on pasture with little or no
grain, but their offspring destined for
slaughter generally receive a generous
portion of grain in a feedlot to increase
their rate of weight gain and to improve
their carcass characteristics.
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Productive dairy cows are generally
fed rations containing from 20 to 50 per-
cent grain. Dairy cattle can grow, main-
tain themselves, reproduce and remain
healthy when fed entirely on forages.
On a forage of average quality, howev-
er, cows have difficulty obtaining suffi-
cient nutrients to produce more than 10
to 20 pounds of milk per day. High-
quality forages can support from 30 to
40 pounds of milk per day. With liberal
grain feeding, dairy cows can produce
more than 100 pounds of milk per day.

Nonruminant animals require a diet
that in many respects does not differ
much from the human diet. In the event
of a food shortage it would theoretically
be more efficient to bypass the animal
and reserve the available food for hu-
man consumption. Animals, however,
offer a way of refining unpalatable or
inedible products and storing them in
useful forms. Of the solar energy trans-
formed into chemical energy by the
plant only about 20 percent can be di-
rectly utilized by man. Animals convert
plant products into human food with an
efficiency that varies between 2 and
18 percent. That inefficient conversion,
however, is not a loss but a gain if the
photosynthetic energy consumed by the
animals could not have been recovered
otherwise. The justification for animals
in agriculture is their ability to trans-
form products of little or no value into
nutritious human food.

In an undisturbed ecological system a
balance is soon achieved between the
resources of the soil, the plant lifc and
all the organisms that feed on the plants.
The biomass, or total amount of biolog-
ical material that can be supported, is
determined by a combination of envi-
ronmental factors, of which climate is
the most important. In primitive agri-
cultural systems the natural flora and
fauna are merely replaced by crops and
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domesticated animals. The interaction
of plants and animals may be altered
only slightly; any change in the total
biomass is probably small and could be
either a gain or a loss. The economic
impact, however, is enormous, because
a much larger proportion of the biomass
is of use to man.

Primitive agriculture is characterized
by a small energy subsidy, low output
and high overall efficiency. Animals
consume excess feed, roughage and
waste products; wastes from plant de-
cay, and from animals and people, are
utilized or recycled back to the soil.
Power requirements are met through
the labor of men, women and animals.
Little is added to the system in fuel, ma-
chinery, fertilizer or pesticide, but little
is removed in food in spite of unrelent-
ing toil. Properly managed, the system is
at best self-sustaining; mismanagement,
either by overgrazing or by cultivation
practices that lead to excessive erosion,
destroys the system.

Modern agricultural systems empha-
size high production and labor efficien-
cy. The natural plant and animal cycles,
the mainstay of primitive agriculture,
are modified to fit a technology in which
a large energy subsidy is possible. This
subsidy often takes the form of manu-
factured goods: machinery, gasoline,
fertilizer, pesticide. For maximum effi-
ciency, production of particular crops is
geographically concentrated and farms
become specialized. Animals and plants
are raised in widely separated places.
These changes represent the response of
farmers to a combination of economic
forces involving climate, the concentra-
tion of population, land values, the low
cost of energy and the high cost of labor.
The preferences of consumers have also
had a strong influence. In the U.S. it is
the demand for tender cuts of beef com-
bined with the relatively low cost of
grain that makes the feeding of high-en-
ergy grains to cattle feasible.

Liebig’s law of the minimum need not
be confined in its application to plant
nutrients; it can be extended to cover all
the factors that bear on the success of
the agricultural enterprise. Indeed, the
history of agricultural technology has
been a search for economic ways of
overcoming factors that limit produc-
tion. Some of the most productive lands
were once worthless because they were
too dry; similarly, in many parts of the
world today a lack of investment capital
has proved to be just as effective in limit-
ing production as a lack of water. On the
whole the success of technology in in-
creasing agricultural productivity has
been remarkable. The alarming graph
of world population increase is also the
reassuring graph of increasing world
food production.

For additional improvements in yield
many of the most promising opportuni-
ties involve intervention in the cycles
that connect plants, soil, animals and
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microorganisms. For example, there is
the potentiial for a large increase in the
biological fixation of nitrogen. The leg-
ume alfalfa has been grown with annual
yields of 16 tons per acre without the
application of nitrogen fertilizers. In al-
falfa containing 3 percent nitrogen the
bacteria associated with the plant roots
must fix at least 1,000 pounds of nitro-
gen per acre per year, which is five times
the amount generally accepted as being
typical. Nitrogen fixation in the soil
might be further improved by artificial-
ly selecting efficient strains of symbiotic
bacteria, coupled with more widespread
adoption of improved legumes, particu-
larly in the Tropics. It was recently dis-
covered that bacteria capable of nitro-
gen fixation live in a partial symbiotic
association with certain tropical grasses,
including maize. The genetic manipula-
tion of bacteria offers hope that the ca-
pacity to fix nitrogen may eventually be
conferred on all crops. A development
with a more immediate prospect of ap-
plication is the discovery of an inexpen-
sive substance (nitropyrin) that retards
the bacterial conversion of ammonia to
nitrite in the soil. Since ammonia is a
cation and is retained by soil colloids,
whereas nitrite and nitrate are readily
leached away, nitropyrin could retard
the loss of nitrogen from the soil. Final-

NONRECYCLED WASTES

ly, the absorptive capacity of some plant
roots is increased by an intimate associ-
ation, called mycorrhiza, between the
roots and a fungus. The encouragement
of mycorrhizal associations might bene-
fit certain crop plants, particularly in in-
fertile soils and where specific nutrients
are low in availability.

A number of potential improvements
in the agricultural efficiency of industri-
al societies are merely a matter of thrift.
Many residues that are now burned or
discarded could be returned to the soil
to improve fertility; better still, they
could be processed through animals to
produce food. Organic wastes such as
sewage sludge, cannery by-products and
animal manures are rich sources of
plant nutrients. About 44 percent of the
live weight of cattle slaughtered for
meat is inedible to man but is of high
nutritional value as a protein concen-
trate for animal feeding. Nutrients are
also wasted in the discarded by-prod-
ucts of grain milling, oil extraction, fish
processing and fermentation. Billions of
tons of crop residues, including straw,
sugarcane refuse and sawdust, are po-
tential feed for ruminants. In the U.S.
alone 60 million acres of corn are grown
for grain, which contains only half of
the plant’s potential energy; the other
half, contained in the stalks and cobs,

could be fed to animals. So could poul-
try and cattle manures; in fact, they
are already being included in ruminant
diets. The greater use of such bulky resi-
dues and by-products is limited mainly
by the high cost of transportation. One
possible strategy for avoiding those
costs would be to decentralize animal
agriculture in the U.S.

Competition for protein suitable for
human consumption could be reduced
and perhaps eliminated in ruminants by
replacing protein in the ruminant diet
with other sources of nitrogen. A lactat-
ing cow on a diet of waste roughage and
urea produces more protein than it con-
sumes. Rumen efficiency might be en-
hanced by rumen stimulants and diges-
tive aids. Even nitrogen fixation has
been demonstrated in the bacteria of
the ruminant digestive tract and might
someday be exploited.

Although man has become a manipu-
lator of the food cycle, he is made of
flesh and must still remain a participant
in the cycle. A viable system of food
production requires an efficient transfer
of energy and exchange of nutrients be-
tween soil, plant, animal and microorga-
nism. The relationship can be exploited
for short-term gains or managed for
long-term sustenance. It can be ignored
only at our peril.
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sumer and as the architect of the agricultural system. High-energy
plant products, such as grains, are consumed by man directly or proc-
essed through animals. Lower-energy plant materials that are high
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in cellulose are processed through ruminants, thereby drawing on
the capabilities of the rumen bacteria. The growth of the crops
that support both the livestock and the human population is enhanced
by returning wastes to the soil and by the application of fertilizers.



Never buy a white Bordeaux by the bottle.
Buya crisp,white Bordeaux by the label.

. Wy 2 AL - X
a%az‘_’(g el \ ‘

—

B&G.
The B&G label.
250 years of wine making
history from all the great wine
regions of France: Bordeaux,
The Loire Valley, Beaujolais, Cotes du Rhone
and Burgundy.
Now, B&EG brings you Pontet-Latour,
the crisp white wine from Bordeaux.
Elegant. Affordable. Buy it by the label.

Letters of reconmendation from France

© 1976 SCIENTIFIC AMERICAN, INC

JMIYINTE [ &) BROWNE VINTNERS, NEW YORK AND SAN ¥ HANCISL0 AD PREPARED BY TTivi! INL




\

>

| A L
C il elE g

AL
=1
)

-

.
Al
-

=8

]

i;liﬂ_
A,
) W-h

......

NEOLROD OO DA BOOLL A
Qe A A RN

= _.,.. . 1
[ LB AMR N
i b | “
L P |
i .
14
M d
-
= AW
-y
i
Eey il !
5 \
%
‘l
\

S AN RN R
> > >\\ ,,/>‘*“ R R /<§
SALERKG z o seé@az‘m:m.Nl‘>§§:<:‘:i S5 LTI,




The Plants and Animals
That Nourish Man

Over the past 10,000 years man has chosen a relatively small

number of plants and animals for domestication. The process

made the domesticated species and man mutually dependent

an once enjoyed a highly varied
M diet. He has used for food sev-
eral thousand species of plants
and several hundred species of animals.
Only a relatively small number of these
species were ever domesticated. With
the beginnings of agriculture there was a
tendency to concentrate on the species
that were the more productive and the
most rewarding in terms of labor and
capital invested. When towns and cities
emerged, the list of food sources was
narrowed somewhat as farmers sold the
most profitable crops and animals to the
urban population. In the past few centu-
ries the trend has accelerated with in-
dustrialization and the rise of cash econ-
omies. The supermarket and quick-food
services have drastically restricted the
human diet in the U.S,, and their influ-
ence is beginning to be felt abroad.
The trend for more and more people
to be nourished by fewer and fewer
plant and animal food sources has
reached the point today where most of
the world’s population is absolutely de-
pendent on a handful of species [see il-
lustration on next page]. The four crops at
the head of the list contribute more ton-
nage to the world total than the next 26
crops combined. This is a relatively re-
cent phenomenon and was not charac-
teristic of the traditional subsistence ag-
ricultures abandoned over the past few
centuries. As the trend intensifies, man
becomes ever more vulnerable. His
food supply now depends on the success

by Jack R. Harlan

of a small number of species, and the
failure of one of them may mean auto-
matic starvation for millions of people.
We have wandered down a path toward
heavy dependence on a few species, and
there seems to be no return.

Where, when and how did man begin
this long and fateful journey? Twenty
years ago the “where” was an easy ques-
tion to answer. If one wanted to locate
the origin of a domesticated plant, all
one needed to do was to look it up in the
writings of N. I. Vavilov, the geneticist
who directed the All-Union Institute of
Plant Industry in Leningrad from 1920
to 1940. Vavilov organized plant-col-
lecting expeditions on a global scale, as-
sembled masses of material, analyzed
the collections and identified geographic
“centers of origin” on the basis of the
patterns of variation observed in both
domestic crops and their wild relatives.
He concluded that eight such centers ex-
isted, six of them in the Old World and
two in the New.

Vavilov’s work was monumental, and
its impact on students of agriculture
around the world was enormous. Stud-
ies since his time have shown, however,
that the history of plant domestication is
much more complicated than had been
supposed. The weight of today’s evi-
dence is that many crops either did not
originate in the centers Vavilov indicat-
ed or originated in more than one center.
Some crops seem to have evolved over
vast regions; there is no evidence at all

CROPS OF EGYPT in the latter half of the second millennium B.C. appear in the painting on
the opposite page; the original painting is in a tomb near the royal capital of Thebes. Areas
with a herringbone pattern represent water. The tan grain being reaped with a sickle is an early
species of wheat, emmer, the common wheat of Egypt until the fourth century B.C. The tall
green crop in the panel below is flax; it is being uprooted, the usual harvesting method. To the
right a plowman is cutting a furrow. A pair of oxen draw the plow, and the plowman’s wife fol-
lows, dropping seed into the furrow. In the next panel the trees with clusters of small fruits are
date palms and those with larger fruits are doum palms; the pale green trees between them are
a species of fig, Ficus sycomorus, the sycamore of the Bible. Bottom panel shows water plants.
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for a center of origin. Others cannot be
pinned down with any precision for lack
of suitable evidence.

In Vavilov’s day scholars looked on
agriculture as a revolutionary system of
food procurement that had evolved on
one or two hearths and diffused over the
face of the earth, replacing the older
hunting-gathering systems. The deliber-
ate rearing of plants and animals for
food was regarded as a discovery or in-
vention so radical and so complex that
it could have developed only once (or
possibly twice), after which the system
spread by stimulus diffusion. Hunting
peoples coming into contact with farm-
ers would instantly see and appreciate
the enormous advantages of agriculture
and hasten to go and do likewise. The
evidence that has accumulated in recent
years, particularly in the past decade,
tends to suggest an almost opposite
view. Agriculture is not an invention or
a discovery and is not as revolutionary
as we had thought; furthermore, it was
adopted slowly and with reluctance.

he current evidence indicates that

agriculture evolved through an ex-
tension and intensification of what peo-
ple had already been doing for a long
time. As we examine the domestication
of plants and animals in more detail
what once seemed to be well-defined
centers tend to fade or to become vague
and indistinct. My own viewpoint has
changed with the evidence, and what I
thought and wrote 20 years ago bears
little resemblance to my present assess-
ment of the situation.

The innovative pattern that now
emerges is complex, diffuse and not easy
to describe. For example, evidence for
the domestication of pigs is found all the
way from Europe to the Far East. Cattle
of various kinds were tamed over most
of the same range. With respect to
plants, much the same is true of rice in
Asia, of sorghum in Africa and of beans
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in the Americas [see fop illustration on
next two pages). The wild progenitors of
these food plants are widely distributed
and were manipulated by various peo-
ples over their entire range. Each may
have been repeatedly domesticated at
different times in different places or may
have been brought into the domestic
fold in several regions simultaneously.
At least we cannot point with any con-
fidence or precision to a single center
of origin for these particular plants and
animals.

By the same token, if the plant or ani-
mal under investigation never spread
very far or did so only in recent histori-
cal times, the picture is usually rather
clear and we can assign it an origin with
some assurance. For example, two spe-
cies of oxen, the mithan (Bos gaurus) and
the yak (Bos grunniens), have rather
modest ranges, and it seems likely they
were domesticated within their present
distribution: the mithan among the hill
tribes of northwestern Burma, Assam
and Bhutan, and the yak in Tibet and the
adjacent highland regions. The sunflow-
er was a rather minor crop grown by the
Indians of what is now the U.S. It be-
came a major oil crop in eastern Europe
only recently. The African oil palm is
another plant that has become impor-
tant on the world scene only in the past
few decades; its history is easily traced.

The possibility of independent do-
mestications clearly complicates mat-
ters greatly. In some cases the evi-
dence is nonetheless fairly clear. For ex-
ample, it seems likely that the large-seed
lima bean was domesticated in South
America and the small-seed sieva bean
in Mexico. One species of rice was
domesticated in Asia and another in Af-
rica. One species of cotton was domesti-
cated in either India or Africa, another
in South America and a third in Me-
soamerica. Five species of squash and
five of Capsicum peppers were domesti-
cated over a geographic range that ex-
tends from Mexico to Argentina. Differ-
ent species of yams were domesticated
in West Africa, in Southeast Asia and in
tropical America. Different races of rad-
ishes were independently domesticated
in Japan, Indonesia, India and Europe.
Where the species and races are clearly
distinguishable we can usually unravel
their history. Where we cannot clearly
separate the races of a wild progenitor,
however, the evidence for origins may
be vague indeed. Moreover, in many in-
stances the evidence is inadequate be-

THIRTY MAJOR CROPS include seven
with annual harvests of 100 million or more
metric tons. The total tonnage of the top sev-
en crops is more than twice the tonnage of
the remaining 23. Cane sugar and beet sugar
are listed separately here but millets are com-
bined. Crops with an annual yield of less than
10 million metric tons have been omitted.
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SEVEN MAJOR SOURCES provided a total of more than 110 million metric tons of meat
worldwide in 1974, according to statistics from the Food and Agriculture Organization of the
United Nations. The world pig population made the major contribution: 42.5 million tons.
Beef and veal combined were in second place; chicken, duck and turkey combined were third.

cause we have failed to conduct serious
investigations into the matter.

Such is probably the case for several
crops with obscure origins. Old World
cotton and the oilseed sesame could
have either African or Indian origins or
both. We do not know where, if any-
where, the bottle gourd genuinely grows
wild. Indeed, it is often difficult to distin-
guish genuinely wild races from weedy
escapes or naturalized races. In a few
instances the original distribution pat-
terns may have become so obscure that
the evidence has disappeared.

mong the major food crops shown
in the illustration on the opposite
page several were of minor importance
on the world scene until recently. The
potato was restricted largely to the An-
dean highlands until the Europeans ar-
rived there in the 16th century. It was
brought to Europe soon afterward but
was poorly adapted to local growing
conditions and entered a period of accli-
matization, particularly to the long-day
regime characteristic of summers in Eu-
rope. Finally the potato found a conge-
nial home and became so productive in
northern Europe that it was credited by
some historians with provoking some-
thing of a population explosion. From
the world point of view such crops as
sugarcane, the sugar beet, soybeans, cit-
rus fruits, the tomato, the peanut, the
sweet potato and the sunflower are all
relatively recent major contributors to
the food supply. Cottonseed as a major
source of edible oil is a product of this
century.

A point to be kept in mind when deal-
ing with the “where” of domestication is
that plants and animals under domesti-
cation change radically with time, and
the forms familiar to us today may be
strikingly different from the forms of
the ancient progenitors. Wheat provides
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a good example. Three kinds of wheat
were originally domesticated from wild
grasses; all three are so obsolete today
that they are hardly grown at all. One
was a diploid (that is, a plant with seven
pairs of chromosomes) called einkorn.
It was probably domesticated in south-
eastern Turkey, and it was always a mi-
nor crop. Einkorn did spread to western
Europe, but it never reached Egypt, and
it did not move eastward from its point
of origin.

The second wheat was a tetraploid
(that is, it had 14 pairs of chromosomes)
called emmer. It was in its day by far the
most successful of the three. Our best
guess is that it originated in Palestine
and/or southeastern Turkey. For some
millenniums it was the dominant wheat.
It spread across Europe and North Afri-
ca, Egypt and Arabia and reached Ethi-
opia, where it is still grown on a consid-
erable scale. Emmer was the wheat of
Egypt until it was replaced by bread
wheat after Alexander the Great con-
quered Egypt in the fourth century B.C.
Outside Ethiopia emmer lingers on as a
relict crop in Yugoslavia and southern
India.

The third domesticated wheat was
also a tetraploid. It was so trivial that
there is no common name for it; scientif-
ically it is called Triticum timopheevii. It
originated in Transcaucasian Georgia
and has spread only as a collector’s item
for genetic studies.

The wheat we grow today is none of
these three early domesticates. All three
are known as glume wheats because the
spike, or seed-bearing head, breaks up
when it is threshed, leaving each seed
enclosed in a hard, shell-like glume, or
husk. The seeds must then be processed
further, usually by pounding in a mor-
tar, to free them of the husks. Some time
after emmer was domesticated a muta-
tion occurred that caused the base of the
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AREAS WHERE PLANTS WERE DOMESTICATED are indi-
cated on this map; area boundaries have been generalized. Except for
wheat, where different genera or species were independently domes-
ticated in different areas, the name appears in each area; cotton, yams
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AREAS WHERE ANIMALS WERE DOMESTICATED are indi-
cated on this map; as with the map showing plant domestication the
area boundaries are generalized. In addition to the six species of
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and the millets are examples. Where the same species was certainly
or probably domesticated independently the name appears enclosed
in parentheses in each area; among the examples are the common
bean, the sweet potato, olive and grapes. Where the area of domesti-
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(DUCK)
(GOOSE)

DONKEY
GUINEA FOWL
(DUCK)
(GOOSE)

: (CATTLE)
(BUFFALO)
(CHICKEN)

mammals and the three species of birds that are man’s most numer-
ous domesticates, a number of animals valued for food, for work
or for transport are also shown. The names of animals that were cer-
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cation is in doubt a question mark follows the
plant name. Several crops with an annual
yield below 10 million metric tons are in-
cluded; examples are lentils, coffee and tea.
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tainly or probably domesticated independent-
ly in more than one area are in parentheses:
examples include pigs, cattle and chickens.

glume to collapse at maturity, freeing
the seed. At the same time the spike be-
came tough, so that it did not fall apart
as the ancestral spikes had done. The
mutated, free-threshing emmer is the
ancestor of our durum or macaroni
wheats.

The major wheat species of the world,
and the one that contributes most to the
annual harvest of 360 million metric
tons, is still another kind, known gener-
ally as bread wheat. It is a hexaploid,
that is, it has 21 pairs of chromosomes,
and it arose long after the initial domes-
tication of the three primitive glume
wheats. Its extra set of chromosomes
was contributed by a wild goat grass
called Triticum tauschii, and the distribu-
tion of the wild progenitor suggests that
the hybridization may have taken place
somewhere near the southern end of the
Caspian Sea. T. rauschii is the only spe-
cies of goat grass with a continental dis-
tribution, and it may have contributed
the adaptation that makes it possible for
bread wheat to be grown on the dry
steppes of the world. As a wild grass T.
tauschii is essentially worthless, but as a
contributor of genetic characteristics it
literally made a billion-dollar crop out
of a million-dollar one.

The word wheat, then, has several
meanings. Modern wheats are quite dif-
ferent from the primitive glume wheats
that were first domesticated. We can as-
sign the origin of wheat to the Near East
as long as we do not restrict the area too
narrowly. The early evolution of wheat
took place in a zone extending from Pal-
estine to the Caucasus and the southern
Caspian. Like all other domestic plants,
however, wheat is still evolving and
changing wherever it grows today.

It is now possible to list in similar
fashion other major domesticated plants
and animals, along with our best guess
as to their geographic origins. In a num-
ber of cases, however, it is necessary to
include the same species in more than
one region because of diffuse patterns of
domestication, and in some instances we
must resort to question marks because
of ignorance.

e are not much better off with our
answers to the “when” of domesti-
cation, although each year brings some
new knowledge. For example, it has of-
ten been said that the dog was the first
animal to be domesticated. Until recent-
ly we had no firm evidence for this be-
lief, but the jaws and teeth of domestic
dogs have now been identified and dated
to about 12,000 B.c. in the Old World
(Iraq) and to about 11,000 B.c. in the
New World (Idaho). Dogs have been
eaten by man on every continent, but
they were probably never considered a
major meat animal except in parts of the
New World before the arrival of the Eu-
ropeans.
Apart from the two dog dates we see
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little evidence for animal domestication
until about 9000 B.c. Even here the data
are rather tenuous and not conclusive.
Zawi Chemi Shanidar is an archaeologi-
cal site in Iraq that was excavated by
Ralph S. Solecki in the 1960’s; the ani-
mal bones unearthed there were ana-
lyzed by Dexter Perkins, Jr. Now, if one
finds the right bones, it is possible to
distinguish between sheep and goats
that are less than a year old and those
that are more than a year old. Near the
bottom of Solecki’s excavations the re-
mains of both sheep and goats less than
a year old made up about 25 percent of
the sample. Toward the top, where the
remains were more recent, there was a
shift to a higher ratio of sheep bones to
goat bones, and about 50 percent of the
sheep were less than a year old. The im-
plication is that the people at Shanidar
had acquired considerable control over
the sheep population but not over the
goat population.

It is also possible, given the right
bones, to determine the sex of an ani-
mal. At some archaeological sites it has
been found that the bones of a high per-
centage of young male animals are pres-
ent. This does not in itself prove domes-
tication; similarly displaced sex and age
ratios are found among the remains of
red deer in European Mesolithic sites
and the remains of gazelles at Near
Eastern sites. Both are considered game
animals, but both can be tamed. Evi-
dence for domestication is difficult to
obtain from bones unless changes in
morphology are involved. Such findings
do, however, suggest manipulation of
some kind, and they certainly indicate
that as far back as the Mesolithic man
had both the capacity and the technique
for selective slaughtering. This in turn
was probably a first step in an increas-
ingly intimate interaction of man with
his food animals.

A second Near Eastern archaeologi-
cal site, Ali Kosh in Iran, may have been
occupied as early as 7500 B.c. The dat-
ing of its lower levels is uncertain, but
the skull of a hornless female sheep was
unearthed in one of the lowest. In wild
sheep both sexes have horns, so that the
hornless skull is taken to mean that do-
mestic sheep were present at Ali Kosh.
Goat bones are much more abundant at
the site than sheep bones, and a high
percentage represent young males.

Cayonii, an early farming village in
Turkey, was first excavated by Robert J.
Braidwood and Halet Cambel in 1964.
It was first inhabited perhaps a little be-
fore 7000 B.c.; the bones of domestic
sheep, pigs, dogs and probably goats
were present. Remains of domestic
goats with twisted horns are present at
the site of Jarmo in Iraq, a site dating to
about 6750 B.c. Twisted horns are char-
acteristic of domesticated breeds and
not of wild goats.

The earliest remains of domesticated
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EARLIEST DOMESTICATIONS of plants and animals appear to
have taken place at roughly the same time around the world. Shown

cattle now known come from Greece
and date to about 6500 B.c. By then this
species of animal apparently had long
been worshiped. At Catal Hiiyiik, a
Turkish site excavated by James Mel-
laart and dated about 6500 B.c., more
than 50 shrines were uncovered; most of
them were decorated with bull’s heads
and horns. The humped cattle we associ-
ate with India today are represented by
Mesopotamian figurines dating back to
about 3000 B.cC.; they are not recorded in
India until about 2500 B.c. We have no
information on the antiquity of other
bovids, such as the banteng (Bos javani-
cus) of Malaysia, the mithan and the
yak. The water buffalo was known as a
domesticate in India by 2500 B.C., but it
could have been a source of draft power,
meat and milk long before then.

The donkey was known as a domesti-
cate in Egypt by 3000 B.c. and may have
been exploited well before that; it has
not been used much as a food animal.
The horse, in contrast, has been an im-
portant source of meat and milk for
many peoples. Fermented mare’s milk is
still popular in Asia, and half a million
metric tons of horsemeat are eaten
worldwide each year [see illustration on
page 91]. The horse is thought to have
first been tamed in central Asia or south-
ern Russia about 3000 B.c. The reindeer,
a domesticate now commonest in Scan-
dinavia and the U.S.S.R., was probably
herded at a very early date, but we have
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no firm evidence for it. Among the cam-
elids our best guesses suggest 2000 B.c.
for the one-humped dromedary and
1500 B.c. for the two-humped Bactrian
camel; about the same time range prob-
ably applies to the New World camelids,
the llama and the alpaca. The guinea pig
of the Andes was probably a tamed food
animal by 2000 B.C.

Many Near Eastern sites have also
yielded early plant remains. None
appear at Shanidar, but Ali Kosh yield-
ed grains of einkorn and emmer wheats
that date back to about 7000 B.c. and
barley that is somewhat younger. Seeds
of einkorn, emmer, pea, lentil, vetch and
flax were found at Cayonii. Jarmo had
einkorn, emmer, barley, pea, lentil and
vetch, and a similar array of plant foods
was found in the prepottery Neolithic
levels at Jericho, which are also dated at
about 7000 B.c. Other sites document
rather clearly a progression of farming
into Greece and the Balkans and there-
after a fanning out over Europe.

The bias in our data has led many to
conclude that the Near East was the cen-
ter of Old World plant and animal
domestication. We have a fairly respect-
able body of information for that part
of the world and an even better record
for Europe. Some caution is advisable,
however; no other parts of the world
have been as well explored (except
North America, where agriculture ar-
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on the map are general Old World and New World areas or specific ar-
chaeological sites where the remains of plants (color) and animals

rived comparatively late). For example,
we have almost no archaeological infor-
mation from Africa of the kind that is
available from the Near East and Eu-
rope. Plant remains have been un-
earthed in Africa, including those of
sorghum, pearl millet and finger millet,
but all the sites are too recent to tell us
much. Indirect evidence, such as the dis-
covery of mortars and grinding stones
and of flint blades with a particular kind
of sheen or gloss, which might have
been used to reap grasses, appears in the
Nile Valley by about 12,000 B.cC., but we
do not know what plants were being
processed.

The situation is much the same in In-
dia, where a number of sites have yield-
ed plant materials but where most of the
finds are too recent to yield information
on the beginnings of agriculture. Wheat
and barley from the west, rice from the
east and sorghum and millets from Afri-
ca have all been found in India, but no
firm evidence of early indigenous Indian
domestications has yet appeared.

The Chinese Neolithic has been stud-
ied on a modest scale. The Yang Shao
culture is now fairly well known, and
some sites, such as Pan P’o, have yield-
ed plant materials. This Neolithic vil-
lage was first inhabited, however, only
around 4000 B.c. Moreover, it contains
some rather elegant pottery and appears
much too large, complex and sophisti-
cated to represent the beginnings of ag-

CATAL HOYUK | S }
(6500 B.C.) |
CATTLE - b -
) \ )
ARGISSA |y & / ‘{i v
(6500 B.C.) > &
CATTLE _ ‘k\,\_q ~)
e = g -
{EGYPT — F;\c £
(3000 B.C) [T~ “d
|DONKEY | = : ; =
R HJARMO ALl KOSH
i (6700 B.C.)| fil(7500 B.C.) |
JERICHOX, [ |SHEEP o
(7000 B.C.) J|GOAT? =
- i
i WS
N A
i (i
* TELL 'AQRAB| [INDIA
3000 B.C (2500 B.C.)
ZEBU § / BUFFALO
=7

4
|



CENTRAL ASIA™ /]
{3000 B.C.)
HORSE
(1500 B.C
BACTRIA

CAMEL

PAN P'O
(3750 B.C)

o

suggest or confirm domestication at the date
indicated. Data imply independent invention.

riculture in the Far East. Foxtail millet
was the chief food crop of that time and
place.

Work in Southeast Asia has for all
practical purposes just begun. Early
plant materials have been found at sites
in Thailand, and there is even evidence
for early landform manipulation in re-
mote New Guinea. At present the body
of information is too meager and frag-
mentary to allow the drawing of definite
conclusions. Nevertheless, there are
hints that the inhabitants of the region
were manipulating plants quite as early
as the people of the Near East.

The situation in the Americas is not
much better and not much different.
Enormous quantities of beautifully pre-
served plant materials are available
from coastal Peru, but this is not a likely
region for agricultural innovation. Ex-
cavations in Tamaulipas and in the Te-
huacéan valley in Mexico by Richard S.
MacNeish have given us sequences of
deposits suggesting plant manipulation
about 7000 B.c., and some later material
on domesticates, possibly dating back to
6000 B.C. and surely to 5000 B.c. Maize
was apparently a crop in Tehuacan by
then, along with squash and gourds, and
beans appeared before 3000 B.c. Tehua-
cén is too dry, however, to have been a
center of agricultural developments. It
seems more likely that events taking
place elsewhere were sometimes record-
ed there and that the valley itself was

outside the mainstream of agricultural
innovation. MacNeish's investigations
at Ayacucho in Peru are perhaps more
revealing. Although he failed to find evi-
dence of early agriculture in the Andean
highlands, he did find plant materials in
the intermontane valleys. By 6000 B.c.
fully domesticated beans and lima
beans were being cultivated there. Thus
agriculture could well be as ancient a
tradition in South America as it is in the
Near East and in Southeast Asia, al-
though conclusive evidence of it is not
available at present.

On balance, then, the evidence for
“when,” such as it is, seems to be as dif-
fuse and imprecise as the evidence for
“where.” This is only partly owing to in-
adequate investigation. Some of the un-
certainties are surely the result of the
way domestication took place. For rea-
sons we can only speculate about, peo-
ple in various parts of the world all
seem to have begun the processes of
domestication at roughly the same
time. That time was not long after the
final Pleistocene glaciation, when the
great ice sheets had melted and the seas
had risen to approximately their pres-
ent levels. It would not be appropriate
to pursue the various speculations here;
it is enough to say that the picture now
emerging in terms of both time and
place turns out to be far more complex
and diffuse than we used to think.

With both the where and the
when of domestication left some-
what up in the air, what is there to say
about how? One can begin by pointing
out that plant cultivation and plant do-
mestication are often confused. Culti-
vation refers to man’s efforts to care for
plants; in this sense it is perfectly possi-
ble to cultivate wild plants. Domestica-
tion, from domus, the Latin for house,
means to bring into the household, and
hence it implies far more than cultiva-
tion. Domestication involves genetic
changes that make the plants better suit-
ed to the conditions of man-made envi-
ronments and less well adapted to the
conditions of natural environments. In a
similar way one can tame a wild animal
without domesticating it. The genetic
alteration that is involved in the proc-
ess of domestication, however, is often
carried to the point where a fully do-
mesticated plant or animal is fitted ex-
clusively to an artificial environment
and cannot survive in the wild.

Horses, cattle and camels have es-
caped from domestication in western
North America in historic times and
have thrived. Sheep that escape from
domestication, on the other hand, have
little chance of survival unless they are
protected from predators. Goats that es-
cape thrive in the absence of predators,
as when they escape to an island; when
predators are present, they fare poor-
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ly. Similarly, the domesticated races of
maize, wheat, rice, potato, sweet potato
and most other crops would all die out
without human intervention.

Because domestication is an evolu-
tionary process it is variable in degree,
and one finds an entire range of interme-
diate states from wild races to fully
domesticated races that depend entirely
on man for survival. Indeed, all these
intermediate states may be found in the
same species. There are wild, weedy and
domesticated races of most of our crops.
The wild ones can survive without man,
the weedy races survive because of man
(and in spite of his efforts to get rid of
them) and the domesticated races de-
mand care and cultivation for survival.
Weeds are species or races that thrive in
man-made habitats; most of our crops
have weed races somewhere. There are
weed races of wheat, rice, maize, potato,
barley and so on, all the way down the
list. They readily propagate themselves,
but they require habitats that are dis-
turbed by man.

This kind of adaptation is not con-
fined to plants. Cats, dogs and pigs read-
ily become feral. The statuary pigeon,
the house sparrow and the starling
thrive even in the face of intense human
disturbance, as they do in cities. The
house mouse, the sewer rat, the housefly
and the fruit fly all do well in the artifi-
cial habitats created by man. Indeed,
what species thrives in man-made habi-
tats better than Homo sapiens? We are
the weediest of all.

Recent studies of weed races show
that their origins may be diverse. Even
genuinely wild plants can show weedy
tendencies; after all, many natural envi-
ronments such as shorelines, riverbanks,
the margins of glaciers and steep talus
slopes are unstable, whereas others are
subject to disturbances such as forest
fires, blowdowns, avalanches and the
like. Many wild species occupy these
niches, and some of our crop plants are
derived from wild plants with just such
colonizer tendencies. Other weeds are
derived from natural crosses between
wild and domesticated races and still
others come from the escape of half-
domesticated plants. Hybridization be-
tween cultivated plants and related
weed races has played arole in crop evo-
lution by increasing diversity and devel-
oping efficient population structures.
Similar genetic interactions of domestic
animals and their wild relatives were
probably an important element in the
early days of animal husbandry. The
process is now relatively uncommon be-
cause the related wild races have be-
come rare or extinct, but in Southeast
Asia chickens still mate with jungle fowl
and in New Guinea tame sows are fre-
quently serviced by wild boars.

The process of plant domestication
presumably began with man’s inten-
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sive use of and at least partial depen-
dence on the plant in question. The rela-
tionship inevitably increased in intima-
cy. For example, man’s harvesting of
seeds from wild plants would have had
relatively little effect on the genetic
structure of the wild plant populations
until man himself sowed what he had
reaped. Once seed is deliberately plant-
ed the composition of the next plant
generation depends on what man har-
vests, and so some genetic changes be-
come virtually automatic. The most
common genetic response in crops val-
ued for their edible seed is a shift toward
nonshattering, that is, a shift away from
natural seed dispersal. Cereal panicles
and spikes become tough and do not
break apart at maturity. Pods and cap-
sules no longer burst open to disperse
their seeds when they are ripe. Once the
natural mechanism for seed dispersal is
lost the plants become dependent on
man for survival. They are domesticat-
ed, or at least partly so. The genetic
change may be very simple and is fre-
quently controlled by a single gene.
Other changes also take place more or
less automatically. The seeds of wild
plants are often dormant at maturity,

and even if conditions are favorable
for germination, they will not germinate
until the proper season. This is an ele-
gant adaptation for wild species, but it
may not be at all suitable for agricul-
ture. When this is the case, selection for
nondormancy, or at least for a dorman-
cy that breaks down by the next planting
time, is automatic. By the same token
automatic selection for larger seeds will
occur in the seedbeds if there is compe-
tition between seedlings. Large seeds
have larger food reserves and are likely
to produce more vigorous seedlings; the
first plants to come up and those with
the greatest seedling vigor are likely to
contribute the most seed to the next gen-
eration. Still other automatic selection
pressures adapt plants to field condi-
tions. A disruptive selection is set up:
natural selection causes the wild popu-
lations to maintain their adaptations,
but repeated sowing and reaping modify
the cultivated populations in the direc-
tion of adaptation to field and garden.
Genetic divergence is easily maintained
even when there is considerable crossing
between the wild and the cultivated pop-
ulations.

In addition to the automatic selection

SPECIES OF WHEAT include, from left to right, the three earliest domesticates: einkorn
(Triticum monococcum), once grown in Turkey and Europe, emmer (7. dicoccum), once grown
in the Near East, Africa and Europe, and a third with no common name, T. timopheevii. Next are
the principal modern wheats: macaroni wheat (7. durum), a descendant of a mutated emmer,
and bread wheat (T. aestivum), a cross between emmer or macaroni wheat and goat grass.

96

© 1976 SCIENTIFIC AMERICAN, INC

pressures, man intervenes by deliberate
and intentional processes of selection.
These processes may aim in different di-
rections and may be capricious, to say
the least. Man selects corn for boiling,
for popping, for roasting in the ear, for
flour quality, for making hominy, for
beer, for unfermented beverages, for
dyes and even for ceremonial and reli-
gious purposes. He selects nonglutinous
and glutinous rice, long-grained and
short-grained rice, red rice, white rice
and aromatic rice. He selects barley for
food, for beer, for livestock feed, for
processing in his grinding equipment
and for ease of harvesting. Man delights
in bright colors and in curious and un-
usual variants, and so he preserves plant
forms that would have no chance of sur-
vival under natural conditions.

he part of the plant of greatest inter-

est to man is the part that is modified
the most. If the crop is a tuber, the great-
est variation and the greatest deviation
from the wild type will be in the tuber. If
it is a cereal, the parts most modified
will be the inflorescence and the grains
borne on it. A striking example is the
kale species, Brassica oleracea, which as
a result of man’s influence has been
modified in half a dozen ways. The
species has a remarkable capacity for
developing starch-storage organs on
demand. In the familiar cabbage the
storage organ is the terminal bud, in
the cauliflower it is the inflorescence,
in kohlrabi the stem, in Brussels sprouts
the lateral buds, in broccoli the stems
and flowers and in kale the leaves. All
evolved by selection from the wild B.
oleracea. Different as these plants are in
appearance, they are all the same spe-
cies and are fully fertile when they are
hybridized. Kale is closer to the wild
type than the others.

Beets provide another example: the
garden beet, the mangel or fodder beet,
the sugar beet and the leafy green Swiss
chard are all derivative forms of Berta
vulgaris. Some peoples selected for the
leaves, some for the roots and some for
the sugar. Still other examples are le-
gion. The variation in lettuces in a
neighborhood market in Italy is surpris-
ing to those of us who see only the let-
tuces offered in an American supermar-
ket. Selection strategies in beans have
taken two major forms: dry beans and
green beans. The strategies in peas in-
clude not only dry and green forms but
also pod (or snow) peas. The end result
of such intense and divergent selection
pressures is the production of morpho-
logical monsters that are completely
dependent on man for survival; these
plants are fully domesticated.

The domestication of animals is no
different in principle. The process be-
gins with an intimate relation between
man and an animal and a partial depen-
dence of man on the animal. This may
involve a selective kind of hunting or the



management of a herd. Sooner or later
the animals are tamed. It is usually not
difficult. Young animals that are raised
in or near the household often become
tame for life. Some animal species are
recalcitrant and difficult to tame, but
many that have never been domesti-
cated prove to be quite tractable. In
the course of domestication there has
doubtless been some selection for genes
conferring docility. In cattle and pigs se-
lection led to smaller animals that were
easier to handle, and dwarf breeds of
several other domestic animals have
also been developed.

Recent experience may serve as a
model of what probably happened in the
deep past. For example, the musk-ox
has been tamed to allow access to its
extraordinarily fine wool. The project
was designed to provide income for Es-
kimos and other northern populations
whose traditional hunting cultures had
been disrupted. In spite of a reputation
for belligerency the musk-ox has proved
to be tractable and docile under artifi-
cial husbandry. As another example,
about a century ago the African eland
was introduced into Russia on a trial
basis. It adapted to confinement very
well, and selection for milk production
resulted in a more than 400 percent in-
crease over the production of animals
in the wild state. The milking eland
could be called a modern domesticate.

Selective breeding of tamed or con-
fined animals leads eventually to domes-
ticated races and lineages that cannot
survive in nature even if the species it-
self could manage without the aid of
man. Extreme types such as the Peking-
ese dog, the bubble-eyed goldfish, chick-
ens with five-meter feathers, pouter pi-
geons, waltzing mice and for that matter
most strains of laboratory mice, rats,
rabbits and mutant stocks of fruit flies
have been genetically modified to the
point where they depend on man for sur-
vival and are fully domesticated.

If total dependence is a consequence
of domestication, what is one to say of
the human condition? Man likes to
think that he is in charge of the plants
and animals he first began to bring into
his household several thousand years
ago, but the fact is that he has been
domesticated by them. Many of them
cannot now survive without man, but
certainly they are essential to man’s
survival. More precisely, man and his
domesticates have been bound together
for some millenniums in an adaptive
coevolution. Human evolution, in its pe-
culiar way, is largely social and cultural,
whereas the evolution of man’s plant
and animal domesticates has involved
notable genetic changes and the devel-
opment of striking new morphologies.
Although man must care for his domes-
ticates, the human population of the
world eats or starves according to the
performance of those few plants and an-
imals that nourish man.

PRESSURE OF SELECTION has produced six separate vegetables from a single species,
Brassica oleracea, a mustard with a remarkable capacity for developing starch-storage organs
on demand. Selection for enlarged terminal buds produced the cabbage (a); for inflorescences,
the caulifiower (b); for the stem, kohlrabi (c); for lateral buds, Brussels sprouts (d); for the stem
and flowers, broccoli (¢), and for leaves, kale (f). Kale most closely resembles the wild plant.

97

© 1976 SCIENTIFIC AMERICAN, INC



v e L M)

— .- RARCE = W B N _i'.“,_‘
| -‘-bqu-ﬂ'|n S L - = ; -.!

b e 3 .
o — i ) A A
S e J.c_n:ia_. 1

e e

‘rn..ll. ’;it:: ALy T lt*'_‘;‘:

Y ‘_{.’1:_5_5? Lha ;:
RN XS
e o ! (3

o




Agricultural Systems

They are established by a combination of ecological, economic

and cultural factors. The problem today is how the developing

countries can promote high-yielding systems based on cereals

and the wheat belt, reflecting the

role of those plants as the principal
crop in certain areas. Agricultural sys-
tems in other parts of the world can be
similarly characterized by their domi-
nant crops. In every such area, however,
other crops are grown too, sometimes
in rather intricate associations with the
main crop. The agricultural pattern that
has emerged in each area is in part the
result of ecological factors—a particular
combination of climate and soil—and in
part the result of economic and cultur-
al factors in the society that grows the
crops.

Within each broad region one finds a
considerable variation in farming prac-
tice. The farms vary in size, in intensity
of management and in the types of sec-
ondary crop and livestock associated
with the dominant crop. Notwithstand-
ing the diversity in farming systems,
there really are only four basic ap-
proaches to cropping. They can be char-
acterized by the type of cultivation in-
volved. The first approach is concerned
with perennial tree or vine crops and is
represented by such agricultural enter-
prises as orchards, vineyards and rubber
plantations. In the second approach the
emphasis is on cultivated crops such as
corn and wheat, which are replanted in
freshly tilled soil after harvest. The third
approach is the grazing of permanent
grassland, and the fourth entails the al-
ternation of cultivated crops with grass
or some other forage crop.

A close look at three cropping sys-
tems reveals some of the ecological fac-
tors that influence patterns of agricul-
ture. The North American corn belt is a
region devoted principally to cultivated
crops, with corn (grown for its grain) the
most important product. The region has
large expanses in which the land is level

In the U.S. one speaks of the corn belt

by Robert S. Loomis

and the soil is fertile and well drained.
They are mostly sown to corn, with soy-
beans an important sccond crop. In hilly
areas that have poor soil and are subject
to erosion the tendency is to rotate the
major crops with sod-forming forage
crops such as alfalfa. The poorest sites
are left in permanent pasture of “native”
bluegrass or seeded with superior grass-
es and legumes for intensive grazing.

Climate has a great deal to do with the
emphasis on corn. A warm season with
at least 120 days when the temperature
is above 10 degrees Celsius (50 degrees
Fahrenheit) is required, together with
ample moisture well distributed over
the season. Central Iowa and Illinois
meet these requirements well. In central
Minnesota the crop is limited by low
temperatures, whereas in eastern Ne-
braska the limiting factor is scanty rain-
fall. The importance of corn in the east-
ern and southern regions of the U.S. has
been limited in part by lower soil fertili-
ty. Corn is a major crop in several other
parts of the world: Mexico, the Central
American countries, Argentina, Indone-
sia, Thailand and parts of Europe, par-
ticularly the Balkan states.

On the Western plains of the U.S. the
supply of moisture is inadequate
for corn, which is therefore grown only
where irrigation is possible. The wheat
plant, which dominates the semiarid
croplands of the world, fills the need in
this area for a cultivated crop with a
lower demand for water and a greater
tolerance of drought. In the semiarid re-
gions of Africa and also in parts of India
and the US. Southwest, where the limit-
ed amount of rain falls mostly during
the warm season, sorghum and millet
are common as drought-tolerant grain
crops.

Wheat, unlike corn and millet, grows

CROP OF WHEAT is harvested by a group of combines in the eastern uplands of the state of
Washington. The harvest scene is typical of the large-scale operations that also prevail in the
wheat belts of the North American Great Plains, the U.S.S.R. and a number of other regions.
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well during the cool weather of spring
and fall, when evaporation is low and
the plant’s demand for moisture is there-
fore moderate. On the southern plains
(Oklahoma and Kansas) the common
practice is to plant “winter” wheat in the
fall. The crop flowers and produces
grain in the spring after being vernal-
ized, or induced to flower, by the low
temperatures in winter. Farther north,
where wheat fails to survive the severer
winters, spring wheat, which does not
require vernalization, is planted early in
the spring.

Varieties of wheat that mature early
can be extended into environments
where the rainfall is quite low. In the
driest regions wheat is cropped only in
alternate years. Between crops the land
is left fallow and kept free of vegetation
for a year so that the moisture of the soil
can be restored to a level that will sup-
port the next wheat crop. As in corn sys-
tems, marginal lands are given over to
grazing. The land’s productivity of grass
is low, so that the grazing activity on a
Western cattle ranch involves a low den-
sity of animals.

The intensive grazing systems of the
Netherlands and Denmark offer a dis-
tinct contrast to the cultivated-crop sys-
tems that yield corn and wheat. Low-
lying, heavy soils in the region are usual-
ly too cold and wet for cultivated crops.
They are therefore seeded to perennial
ryegrass, a shallow-rooted species that
grows well in cool weather and gives
good production from the middle of
spring to the middle of fall.

The farm practice in the region in-
cludes heavy fertilization and carefully
controlled rotational grazing. Animals
are turned into several pastures in se-
quence, so that each pasture has a peri-
od of time to recover after being grazed
intensively. Part of the grassland is
commonly harvested for hay or silage,
which supplies feed during the winter. In
other parts of the world a legume is fre-
quently included in the pasture as a
source of nitrogen. The species of grass
and legumes are chosen for their adap-
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tation to the local climate and soil con-
ditions.

With these three systems one sees
that several factors act together to
put ecological constraints on what can
be grown in a particular area. They in-
clude the level and seasonal distribution
of sunlight, temperature and rain, the
condition of the soil, the topography of
the land and the types of pest and dis-
ease to which the crop will be exposed.
These factors determine whether it is
feasible to introduce a certain crop in a
given area. The actual choice of crops,
however, is heavily dependent on the
economic and cultural environment of
the society that is doing the farming. So
are the manner and intensity of cultiva-
tion. What one finds is that the density of
the population, the distance to the mar-
ket, the level of technology and the soci-
ety’s cultural heritage seem to play as
large a role as natural forces.

Social factors cannot be completely
separated in an analysis of farming sys-
tems for the simple reason that agricul-
ture and the rest of the social system
evolved together. Strong feedback inter-
actions bring about a continual “tuning”
of each sector. The present farming sys-
tems are the survivors of an enormous
amount of human experimentation.
Over the millenniums man has eaten the
produce of several thousands of plants,
several hundred of which have been
domesticated. The emphasis in farming
has been on plants that give a high re-
turn of storable product per unit of hu-
man effort, that are “safe” because their
biological performance is reasonably
consistent and that satisfy basic nutri-
tional needs.

MAJOR WHEAT ZONES of the world are shown in black. Each dot
represents 27,000 metric tons; the total in the world is about 350
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Our concern now is for the adequacy
of these systems in the future. We need
to know whether they have sufficient
flexibility, safety and potential yield for
rapidly expanding populations. The an-
swers to these questions can be sought in
an examination of agriculture as a sys-
tem of food chains leading up to man, of
how certain crops came to dominate
particular farming systems and of how
plant nutrition and social factors may be
the most important considerations for
the future of mankind.

Man as a flexible omnivore can place
himself anywhere along a chain of ani-
mals subsisting on vegetation. The actu-
al chain is usually rather short, involv-
ing either the direct consumption of veg-
etation or the eating of animal products
from other primary consumers. Live-
stock play key roles in many farming
systems; indeed, the principal complexi-
ty of agriculture has to do with the type
of animal raised and with the relative
emphasis given to food crops and feed
crops. The channeling of organic pro-
duction is aided by controlling the num-
ber of competing plants (weeds) and ani-
mals (such as insects) and by emphasiz-
ing a high efficiency of transfer of the
natural resources and photosynthetic
productivity that go into food produc-
tion.

The simplest food chain is to grow
plants and eat them (or parts of
them). The efficiency of transfer of ener-
gy and protein can be very high in such a
chain, with the result that a dense hu-
man population can be supported. It is
common to find that from 30 to 40 per-
cent of the net production of plants can
be harvested as food and that from 70 to
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80 percent of the harvest can be digested
by man. Many of the numbers are
smaller, however, so that there is con-
siderable room for improvement. The
most should be made of a plant’s pho-
tosynthetic productivity while making
sure that as much as possible of it goes
into edible yield rather than into mainte-
nance activity and residues.

An analogous problem in partitioning
arises with the chemical composition of
food materials. The protein content of
various plant foods varies from about 6
percent to more than 20 percent of the
dry matter. Systems based on a relative-
ly low yield of protein have a distinct
advantage, since a greater total yield of
food is obtained per unit of area (that is,
per unit of sunlight, water or soil nitro-
gen) or per unit of effort. The produc-
tion of protein by a plant involves ener-
gy-expensive biochemical steps such as
the uptake and reduction of nitrate ni-
trogen. The energy comes from carbo-
hydrates that otherwise would accumu-
late as food. As a result the total organic
yield of a crop is often inversely related
to its protein content. Low-protein plant
materials can be quite satisfactory as
food. A diet of cereal grains with only
from 10 to 12 percent protein (by
weight) is nutritionally adequate for
adults in protein and essential amino
acids. Indeed, human diets are at pres-
ent more limited by their content of en-
ergy (calories) than by their content of
protein.

The evolution of agriculture based on
cereals fits this concept. Small grains
(wheat, barley, rye, oats and rice) and
large grains (corn, sorghum and some
millets) collectively provide directly
more than 50 percent of the world’s pro-

million metric tons per year (13 billion bushels). This map and the
next two are based on data from the U.S. Department of Agriculture.



tein and energy needs. Taking into ac-
count the large amounts of grain that
are converted by livestock into meat,
milk and eggs and by microorganisms
into alcoholic beverages and other prod-
ucts, one finds that 75 percent of the
energy and protein needs of man are met
by cultivated grains.

The heavy emphasis on cereals re-
flects not only their food value but also
their relative ease of culture, harvest,
transport and storage, and their wide
range of climatic adaptation. Moreover,
cereals are fairly plastic in their re-
sponse to climate, and they mature with-
in a relatively short growing season, so
that their vulnerability to unseasonal
weather is low.

In the Tropics, where storage is diffi-
cult and the growing season is long,
farming systems tend to emphasize
everbearing plants and year-round se-
quences of food crops. Root and tuber
crops such as potatoes, manioc, yams
and taro suit these systems. They pro-
vide about 8 percent of the energy and 5
percent of the protein that man derives
from food. Peas, beans, nuts and oil-
seeds contribute 5 percent of the energy
and 12 percent of the protein, and sugar
crops contribute about 9 percent of the
energy. According to data compiled by
the Food and Agriculture Organization
of the United Nations, other fruits and
vegetables account for only 2 percent of
caloric needs and less than 1 percent
of the protein requirement. The figures
probably underestimate the importance
of these foods in the Tropics, and the
numbers would rise if the produce of
domestic gardens were counted in the
statistics. The minor ranking of these
crops is related in part to the prob-

PRODUCTION OF RICE is centered mainly in Asia, but the crop is
also grown in a number of other areas that are warm and have good

lems of transporting and storing fresh
produce.

On a worldwide basis the human spe-
cies now relies on 11 plant species for
about 80 percent of its food supply. This
base is not as limited as it might seem.
Most of the plant species represent enor-
mous genetic complexes; some, such as
wheat and corn, have more diversity
than is found in all but a few wild spe-
cies. Retaining and extending this diver-
sity are important matters to agricultur-
al scientists, among whom it is wide-
ly agreed that efforts in this direction
should be increased considerably.

Moreover, most of the species on
which man relies are capable of flourish-
ing in a variety of environments, so that
a considerable amount of substitution in
culture and use is possible. For example,
although wheat is gradually displacing
rye, barley and oats from their tradition-
al role as Temperate Zone food crops,
they remain (along with corn and pota-
toes) alternatives for the region. Triti-
cale, a new species arising from hybrids
of wheat and rye, also has the appropri-
ate traits. In the event of a failure of a
crop such as wheat the solution lies
more with man’s perception of the
event, his willingness to change and his
speed in making the change than it does
with the issue of whether or not enough
alternatives exist.

The dominance of a certain crop in a
certain region comes about as a re-
sult of the integration of a number of
economic and ecological factors. The
dominant crop is well adapted to the en-
vironment and gives a high yield. It also
fits well into a plan of farm management
and has arelatively low risk of failure. A
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market is available that makes it possi-
ble for the crop to serve as the basis for a
good income to the farmer. In short, the
system has been tuned to local condi-
tions.

The incentives to extend a successful
cropping system into marginal environ-
ments are strong. In the fringe areas,
where the crop’s vulnerability to weath-
er is higher and its yields are lower, it
may be replaced as the main crop by
another system centered on a safer crop.
Forces of this kind are involved in the
replacement of corn by wheat in areas
with low rainfall. One result of the ten-
dency to move into fringe areas is that
agricultural research in the U.S. has
been much concerned with developing
plants that will be able to withstand
the relatively unfavorable conditions of
those areas.

On the other hand, the dominance of
corn and soybeans in, say, lowa does not
mean that other crops cannot be grown
there. Wheat, potatoes, sugar beets and
several other species could be substitut-
ed for corn and soybeans, but under
present conditions they would be less
successful economically. The current
need for those commodities is met by
production in other areas, even though
the yields are sometimes lower than they
would be in Iowa.

The assessment of risk and return thus
has a great deal to do with the behavior
of agricultural systems. The problems
are simplified when the farmer centers
his operation around a proved low-risk
system. Frequently the task requires
minimizing diversity. With only a few
crops the farmer can acquire through
experience and education a great deal
of competence for dealing with the or-

supplies of moisture. Each dot represents 45,000 metric tons; the
world total is 300 million metric tons (660 billion pounds) per year.
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dinary adversities of the weather, pests
and the market. A farmer who attempts
to average his risks from weather over
a large number of crops invariably en-
counters only bad weather; some part of
the system is now vulnerable no matter
what the sequence of weather is, and the
farmer’s ability to deal with even ordi-
nary adversities is reduced.

Simplified farms, however, are possi-
ble only with machines or where labor is
cheap. The labor-intensive farms of In-
dia and other developing countries are
likely to be quite diversified. The need
for labor is thereby distributed more
evenly, reducing the peak requirements.
Moreover, a greater diversity of food is
desirable in subsistence farming. On the
other hand, the risk from weather and
other problems is high even though it is
averaged over several crops. In general,
spatial diversification (raising the same
crop in different regions) as practiced by
industrial farms in the U.S. and Austra-
lia is a safer strategy than enterprise di-
versification (raising many crops in the
same environment).

Risk factors can be significantly modi-
fied through technology. A basic ap-
proach has been to improve the level of
environmental tolerance (as by increas-
ing the resistance of a species to pests)
through plant breeding. Irrigation sys-
tems, tractors, artificial dryers and pest-
control agents can have similar effects.

At the same time technologies that
can reduce risk may also be employed to
enhance income in other ways while
leaving the risk at the same level as be-
fore. For example, an oversize tractor
provides insurance against a wet spring
by shortening the time it takes to pre-
pare land for planting, but it can also be

OUTPUT OF CORN is predominantly in the U.S., which accounts
for nearly half of the world’s production, but the crop also flourishes
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used to farm more land with the same
amount of labor. Similarly, a grain dry-
er installed to meet the occasional haz-
ard of cold, wet conditions at the time
when standard varieties of grain mature
can be applied every year to longer-sea-
son varieties that have a higher yield.

he factors that determine agricultur-

al yield are complex. Contrary to a
widely held opinion, however, the pho-
tosynthetic ability of the plants is sel-
dom a factor, since nutrients, mois-
ture and temperature usually limit the
growth of plants to only a fraction
of their photosynthetic potential. Plant
nutrition in particular presents serious
questions for the future of agriculture—
probably more serious in the long run
than climatic change and other events
that might affect agriculture on a large
scale. Over a period of time the produc-
tion rate of stable, well-established agri-
cultural systems will come to equilibri-
um with the rate of supply of nutrients.
The supply of inorganic nutrients
has several sources. Nutrients from the
oceans, where salt spray mixes with the
atmosphere, are recycled to the land in
rainwater. Nutrients are also redistri-
buted on land by transfers of atmo-
spheric dust, by irrigation and by flood-
waters. Rice grown in the paddies of
Asia, for example, depends significantly
on the nutrients leached naturally from
upland soils and transported by streams.
The major source of nutrients, how-
ever, is the mineral supply of the soil.
The supply varies with the type of soil,
which is the basic reason for the large
differences in fertility between temper-
ate and tropical soils. The differences
are related to the conditions of tempera-
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ture and moisture under which parent
materials are weathered and secondary
minerals are formed. In addition the
young soils of glacial origin in temper-
ate regions have a larger supply of nutri-
ents than the highly leached, senile soils
of the Tropics. The most fertile soils in
the Tropics are relatively young ones
derived from alluvial deposits or vol-
canic ash. For the world as a whole the
area of young and highly fertile soil is
quite small.

At present the chief limiting nutrient
in agriculture is nitrogen. Given their
high capacity for photosynthesis, crop
plants in many situations could utilize
far more nitrogen than they are likely to
receive from natural sources. For exam-
ple, corn and sugar beets grown in good
environments will assimilate more than
500 kilograms of nitrogen per hectare
into biomass. The record for annual
production of biomass by any plant (a
tropical grass that yielded more than 80
tons of dry matter per hectare) involved
the assimilation of more than 1,600
kilograms of nitrogen. If a crop is to
achieve maximum production, amounts
of nitrogen on this order must be-
come available during a single growing
season.

Usually the only way to supply nitro-
gen in such amounts is with fertilizer.
An older method, which is less satisfac-
tory from the viewpoint of supplying ni-
trogen, is to plant legumes, which can fix
nitrogen and not only will supply their
own needs but also will leave a surplus
for subsequent crops. Legumes, howev-
er, are rather low-yielding as crops, and
the amount of nitrogen they leave in the
soil is usually small. Moreover, the fixa-
tion of nitrogen by a legume system is

o)

in many other areas with ample water and a 120-day warm season.
Each dot represents 25,000 metric tons; annual total is 300 million.



repressed in the high-nitrogen environ-
ments needed for maximum yields of
efficient crops such as corn. Under these
conditions legumes become net con-
sumers of nitrogen. With the advent in
the 1950’s of ammonia fertilizers de-
rived from petroleum sources the reli-
ance on legumes as rotation crops has
declined.

Agriculture around the world is cur-
rently in a state of uncertainty regarding
its dependence on legume rotation in the
future. As long as new supplies of oil
and gas can be found the main reliance
is likely to be on fertilizer, even in the
poorer countries. The danger with put-
ting additional land into food crops and
of emphasizing higher yields is that hu-
man populations might expand beyond
the level that could be sustained on nat-
ural sources of nitrogen alone.

Aview of rice production in Indonesia
as a system will help to put this
problem in focus. In 1972 two crops of
rice per year from 10 million hectares
of paddy supplied 21 million metric tons
of grain, or about 160 kilograms per
capita. The harvest represented about
70 percent of the energy and 100 per-
cent of the protein required by the pop-
ulation of 130 million.

The yield, however, was only slightly
more than 1,000 kilograms per hectare
for each crop of rice, or only 10 percent
of the maximum yields of rice estab-
lished in similar environments and 20
percent of the average yield for Japan
and California. The discrepancy is due
not so much to a deficiency of human
effort (since the standards maintained in
Indonesia in such matters as the control
of water and weeds are high) as to differ-
ences in plant nutrition.

Assuming that the system is in a
steady state, a simple nitrogen budget
indicates that about 40 kilograms of ni-
trogen per hectare is removed from the
land each year in grain and straw. Even
if all the chemical nitrogen consumed in
Indonesia were applied to rice land, it
would account for only 11 kilograms
per hectare of the supply. Legume rota-
tion is not practiced much in Indonesia
and rainfall contributes only about 10
kilograms of nitrogen per hectare per
year, so that about 19 kilograms must
have been supplied through irrigation,
manure and fixation by free-living mi-
croorganisms. Since it was also neces-
sary to compensate for losses through
leaching and denitrification, the amount
of nitrogen actually obtained from
those sources must have been greater
than 19 kilograms and thus close to the
maximum amount thought to be avail-
able from them.

The point of this exercise is twofold: it
reveals the vulnerability of the system to
a deficiency in the supply of nitrogen as
the level fluctuates from year to year
and it shows the enormous potential for

INDIA 6.7 % —
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SHARE OF PRODUCTION of wheat, rice and corn by the nations principally involved in
growing those crops is charted. The figures represent each major producer’s contribution to
the annual harvest of the crop. Data were assembled by the U.S. Department of Agriculture.
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West Point is no snap.
Especially if you get
cancer,as I did”

Lt. Robert Johnson

“For me, the news
that I had a malignant
tumor in my right elbow
was a double blow. I
learned it shortly after I'd
been elected Captain of
the Army football team.

“Thanks to early
detection, effective
surgery and treatment,

I was back in threeand a
half months—not play-
ing football but function-
ing in every other
capacity as captain.

I graduated on time. And
today, I'm a Lieutenant in
the Infantry.

“You know, millions
of people like myself owe
their lives to cancer
research. And that takes
money. Lots of money.

“Think about it. We
want to wipe out cancer
in your lifetime.”

American Cancer Society

This space contributed by the publisher
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increases in production. With more ni-
trogen and an additional supply of other
nutrients a fivefold increase in the yield
of agricultural crops appears feasible.

The comparison of rice yields in Ja-
pan and Indonesia illustrates the wide
range in the productivity of agriculture
in different regions and different years.
There are basically two sources of this
variation. One involves differences in
climate and other natural factors; the
other relates to differences in farm
management and the intensity of pro-
duction.

The effects of natural factors can be
strongly modified by the type of tech-
nology employed in farm management.
If lack of moisture is a problem, for ex-
ample, marked increases in yield per
planted hectare can be obtained by leav-
ing a field fallow every other year. Irri-
gation provides even greater increases.

The type and amount of technology
employed are a function of current mar-
kets and the social system. Different
resources are optimized in different sys-
tems. Indonesia is clearly tending to op-
timize a scarce resource associated with

100%
SOLAR ENERGY

93%

EVAPORATION, HEAT, REFLECTION
AND LONG-WAVE RADIATION

land: the natural supply of nutrients. Ja-
pan optimizes the amount of sunlight by
supplying nutrients to achieve a high
yield per unit of area. Similar strategies
are employed in Israel and the Nether-
lands. Such land-poor countries provide
a practical definition of intensive agri-
culture, namely how close the level of
production is brought to the potential
offered by biology and climate.

The agriculture of the U.S. is of inter-
mediate intensity. One might suppose
the extensive reliance on machinery in
the U.S. indicates highly intensive farm-
ing, but machinery by itself is not an
indicator of intensity. Although some
intensification is achieved with mecha-
nization (for example, through a better
seedbed and a more timely harvest),
yields can also be lowered when wide
spacing of rows is required to accommo-
date machines and when the operation
of machines compacts the soil. What the
machine-oriented agriculture of the
U.S. reflects is the optimization of labor
in a social environment where land, en-
ergy and capital are relatively cheap.

The lower end of the scale of intensifi-

100%
SOLAR ENERGY

93%

PARTITIONING OF ENERGY involved in producing such crops as corn and grass is de-
picted. Of the solar energy that reaches the earth at a rate of 500 calories per square centimeter
per day about 93 percent returns to the atmosphere. With nutrients and water abundant and
with a full cover of leaves about 7 percent of solar energy can be converted in photosynthesis;
2 percent goes into respiration, which is required for the growth and maintenance of the crop,
and 5 percent goes into the dry matter of the crop. In corn 3 percent goes into roots, stems and
leaves, which constitute a crop residue that is recycled to the soil or fed to animals, and 2 per-
cent emerges as grain directly edible by man. For grass as much as 4 percent may be consumed
by the cow. The energy represented by the food consumed by human beings and animals is fur-
ther broken down for both the cow and the corn crop in the manner indicated by the diagram.
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cation is characterized by the agricul-
ture of much of Asia and Africa. There
the yield of grain is typically in the range
from 700 to 1,400 kilograms per hec-
tare. Many of these farming systems are
very old, and some of them are rather
finely tuned. External inputs such as fer-
tilizer and machinery are low. The sys-
tems represent a type of ecological
steady state that might be sustained in-
definitely. Provided that the level of hu-
man population is held within the capa-
bility of the system, these systems are
probably as safe as any that could be
devised. The intensive systems are also
relatively safe, provided that they re-
ceive maintenance, research and high
priorities for land and energy. Their sta-
bility is thus determined to a large extent
by factors outside the farming system.

All these systems are highly respon-
sive to market conditions. Production
that cannot be channeled to markets di-
rectly or through livestock has little val-
ue to society. One result is that produc-
tion is strongly constrained to match de-
mand. Management decisions on the
quality and amount of land given to
each crop, on the varieties of crop, on
the uses made of the crop and on the
level of farming effort make it possible
for the level of effective output to be
varied over a considerable range.

In many cases the disincentives to in-
creased production are greatest in socie-
ties that appear to have the greatest need
for it. To satisfy urban needs many de-
veloping nations have found it neces-
sary to maintain policies favoring a low
cost for food and thus a low return to
farmers. It has been possible to take this
course because the food markets of the
world have been depressed for 100 years
by the abundant production of Ameri-
can agriculture.

Taste history
In 1778, Louis XVI
probably welcomed the
new ambassador from America
with a glass of Martell.
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tem by examining its present perform-
ance, unless the inquiry is focused on
matters of biology, soil and climate.
Considering only such natural factors,
one can say that with the present base of
arable land, with a largely vegetarian
diet based on yields that could be
achieved with present knowledge and
with a substantial amount of energy and
human effort the world could support a
human population of 50 billion or more.
The food system would be heavily de-
pendent, however, on the smooth func-
tioning of the larger society. The Irish
famine of the 1840’s, for example, was
more a failure of human institutions
than of biology. Biology and climate
will vary, and adjustments take time.
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The Agriculture of the US.

Its high productivity is a result of two centuries of development

policy: low prices for land and other things needed for farming,

stable prices for farm products and the promotion of innovation

he agriculture of the U.S. current-

ly plays a vital and unique role in

the economy of both the nation
and the world. In the nation the agricul-
tural sector has enjoyed high profits dur-
ing the past three years when most other
sectors of the economy were experienc-
ing a recession and a decline in income.
Employment in agriculture remained
quite stable, even though elsewhere in
the economy the rate of unemployment
greatly increased. Moreover, the secular
trend of workers migrating out of agri-
cultural jobs as a result of technological
change in agriculture has recently slack-
ened. Over the past several years capital
assets, particularly land, have sharply
increased in value to record levels. In
contrast, the value of corporate bonds
and common stocks were strongly de-
pressed during much of the same period.
Even during the worldwide recession
from 1973 through 1975 the dollar val-
ue of farm exports rose to an annual
average level of $18.5 billion, an annual
increase of 167 percent over the period
between 1968 and 1972. Agricultural
exports have accounted for a growing
portion of the nation’s foreign exchange
and have played an important role in
creating for the U.S. a positive balance
of trade.

In the economy of the world Ameri-
can agriculture dominated food exports.
Between 1973 and 1975 grain exports
from the US. accounted for 65 percent
of the world’s total grain exports. The
importance of American agriculture in
solving world food problems is obvious.
Currently the product of nearly one in
every five crop acres in the U.S. is ex-

by Earl O. Heady

ported, and the output of a full 14 per-
cent of our farm work force moves into
world markets. Yet agriculture employs
only 5 percent of the labor force in the
U.S., and only 4.4 percent of the nation’s
population. No other important food-
producing country of large population
approaches the U.S. in the degree to
which it has reduced its farm labor
force. It is the great productivity of
American agriculture that enables the
nation to acquire its food with minimal
labor.

How did American agriculture attain
such world supremacy in productivity?
Has the agricultural sector in the U.S.
reached the limits of its productive ca-
pacity, or can that capacity be further
increased? Can the keys to such produc-
tivity be transported to other countries?
What future economic and social prob-
lems, if any, are in store for the agricul-
tural sector in the U.S.? How would
such problems affect rural communities
and other segments of the society?

gricultural economists and other ag-
ricultural specialists in the U.S.
have been probing the world of the de-
veloping countries over the past two
decades to find the key to successful ag-
ricultural development. They need not
have traveled so far; the secrets of suc-
cessful agricultural development are
best found in the past history of the U.S.
Over the past 200 years the U.S. has
had the best, the most logical and the
most successful program of agricultural
development anywhere in the world.
Other countries would do well to copy
it. Although the program was put to-

LARGE RECTANGULAR FIELDS, aligned predominantly along north-south east-west
axes, make up the characteristic pattern of agriculture in the Great Plains region of the U.S.,
represented on the opposite page by a digitally processed LANDSAT 2 image recorded on
July S, 1975. The scene encompasses a portion of the Red River Valley near the border be-
tween North Dakota and Minnesota. The large blue area at upper left near intersection of
two major highways is the town of Grand Forks, N.D. In the false-color scheme used to make
this picture the red areas are crops under cultivation, the blue areas are land lying fallow, the
black areas are water remaining after a recent flood and the irregular white patches are clouds.
Heavily flooded area at lower right is crisscrossed by roads delineating section lines. Principal
crops under cultivation when the picture was made were wheat, potatoes and sugar beets.
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gether piecemeal over many decades, by
and large instruments of policy were
consciously devised to encourage the
agricultural sector to expand its re-
sources and increase its output. As a re-
sult of such conscious policy the con-
sumer in the U.S., and to a lesser extent
in the rest of the world, has realized a
favorable price for food. By 1971 only
15.7 percent of the disposable income of
the average American consumer was
spent for food. (In 1975 that figure rose
to 16.8 percent because of inflation.) By
way of comparison, in developing coun-
triesin 1971 the average consumer spent
65 percent of his disposable income for
food, in the U.S.S.R. he spent 30 percent
and in the countries of the European
Economic Community he spent 26 per-
cent.

What are the specific elements of a
successful and conscious agricultural
development policy? First, the policy
must enlarge the farmer’s supply of ma-
jor resources and keep their prices low.
Second, it must keep the prices of the
commodities produced on the farm rela-
tively high and stable. Third, it must cre-
ate a tenure system that structures the
operating costs of the farms in a way
that is favorable to innovation. Fourth,
it must encourage research and technol-
ogy, and it must maintain an adequate
and continuous flow of information to
the farmer on the availability of new
techniques and technology. The U.S.
has implemented all these elements in its
agricultural development policy, some-
times separately, usually in combina-
tion with one another. Over the decades
the specific methods by which the Gov-
ernment has implemented its agricultur-
al policy have changed, but the general
principle of encouraging agricultural
development has remained the same.

At the beginning of the nation’s agri-
cultural development land was abun-
dant and labor was cheap. Capital in-
puts such as farm machinery, fertilizer
and food for the farmer’s family were
relatively modest, and most of them
were produced on the farm. Farmers
created their own power in the form of
the physical work of family members
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and of animals raised on the farm. They
also harnessed energy from the sun for
that work in the form of crops grown on
the farm and eaten by the people or the
animals. The farmers generated their
own fertilizer by rotating crops and by
utilizing the wastes from the animals.
The rotation of crops also controlled in-
sects to some extent.

Because of the availability of land
farms expanded rapidly across the
nation. The growth in their output could
be readily absorbed by the market. The
demand for food was quite elastic be-
cause of the steady increase in popula-
tion, in per capita income and in food
exports. Food-marketing facilities also
expanded through public policies that
provided land grants to railroad build-
ers. With the markets growing and the
demand for food increasing, the agricul-
tural policy was predominantly a devel-
opmental one emphasizing large sup-
plies of major farm resources and low
prices for them. In general, the nation’s
development policy for agriculture ben-
efited farmers through low property val-
ues (and therefore low land costs) and
high income, and it simultaneously ben-
efited consumers with favorable real
prices for food.

American agricultural policy in the
19th century was certainly the most
successful policy for development the

PRINCIPAL GRAINS GROWN IN THE U.S. are shown on this
outline map of the nation. The dots in white represent acreage de-
voted to wheat raised for human consumption. The dots in black rep-
resent acreage devoted to the major feed grains (corn, grain sorghum,

108

world had yet seen. After the U.S. had
expanded to the Pacific and the public
domain for land grants was exhausted,
the Government did not terminate the
agricultural development policy. It sim-
ply shifted its emphasis. Instead of con-
centrating on expansion it began to em-
phasize productivity. It turned to scien-
tific knowledge and new technology as
capital resources to be supplied either
at low cost or free. The Morrill Act of
1862 created the land-grant college sys-
tem to encourage research and to extend
new technical knowledge to farmers.
The new resources were an effective
substitute for land: between 1910 and
1970 the output of American agricul-
ture approximately doubled; further-
more, by 1970 the nation was producing
its food on considerably fewer acres
than it had been in 1910, and produc-
tion-control programs were in effect.
The results of public investment in tech-
nical improvement in agriculture were
particularly apparent after 1940 as re-
search became more refined and system-
atic. Moreover, the technologies incor-
porated into the new farming practices
were low in cost compared with the
quantity of agricultural products to
which they gave rise. Hence the new
capital technologies were adopted rap-
idly, and by the 1950’s they became an
effective substitute not only for land but
also for labor. The result was that be-
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tween 1950 and 1955 more than a mil-
lion workers migrated out of the agri-
cultural sector into other sectors of the
economy.

Other Government development poli-
cies also helped to increase the supply of
resources for agriculture and thereby re-
duce their cost. The Federal Farm Loan
Act of 1916 and subsequent legisla-
tion provided publicly supported means
whereby farmers could obtain capital
assets such as farm machinery at lower
interest rates than those prevailing in
the open market. Similarly, the Nation-
al Reclamation Act of 1902 provided
means by which semiarid land in the
West was supplied to farmers at subsi-
dized prices to encourage them to devel-
op it through irrigation.

he nation’s development policy for
agriculture has been implemented
vigorously over most of the past 200
years. It is still in force. It is reflected in
publicly supported research, education,
farm credits and other programs that
develop new capital technologies and
encourage their exploitation by farmers.
The development policy for agriculture
in the U.S. is a landmark example to
which the governments of developing
nations might pay heed as they struggle
to raise their food production above the
level of subsistence.
A nation can rely on a development

barley and oats) raised for livestock. The author suggests that if
American consumers reduced their meat intake by 25 percent, and if
silage were substituted for 25 percent of the grain fed to livestock,
American grain exports to poor countries could more than double.



Questions you should ask and answers
you should receive when you are setting up,
or re-evaluating your employee savings
or profit-sharing plan.

Perhaps we might begin by reminding you
that you should look into a number of different
plans before committing yourself to any one.

When you do, you will find that most tax-
qualified plans offer 1) a common stock fund, 2) a
fixed income fund, and 3) sometimes a company
stock fund. This way, employees can place their
contributions in the area or areas that are best suited
to their personal needs and goals.

Among these three kinds of funds, most
companies today are showing the greatest interest

in fixed income funds. They are turning to
insurance companies which can provide guarantees
of principal and interest that are not available
through bond funds, company stock funds or
common stock funds. In addition, only insurance
companies can provide guaranteed lifetime
payments to employees when they retire.

Now assuming that your interest is in fixed
income funds, let’s get at some questions you
should ask before selecting an insurance company
from one of the many in this field.

Q. Dol have a guarantee of principal for my participants at all times and

under all circumstances?

A. You should for this reason: Suppose your plan has to pay out to
employees more than is contributed in a given year? This could occur
if there are an unusual number of early retirements or if a plant closes.
Regardless of what happens, Metropolitan guarantees the principal to your

participants.

Q. IfI need to can I cancel my contract at any time? If I do will I be

guaranteed book value?

A. You should have the right to cancel. You should also be guaranteed
reimbursement at book value, but it may involve some form of
installment arrangements. At Metropolitan, you can cancel at any
time and for any reason and book value is always guaranteed under

some form of installment option.

Q. Ifinterest rates increase over the years my contract is in force, will my
employees participate in the higher rates?

A. Yes they should participate. Employees know when interest rates
have risen and expect to share in the increased earnings. But some
insurance companies give increases only under limited conditions. For
example, you might participate in increased interest, but only if the
insurance company is still writing this type of contract and if credited
interest rates are at least ¥2% higher than your guaranteed rate.

At Metropolitan your employees are guaranteed participation in
increased earnings when interest rates go up and are protected by
minimum guarantees when interest rates go down.

These are just a few of the questions
you should ask before awarding your
employee savings or profit sharing plan to
any company. But there are many other
questions of great importance.

If you have others (and you probably
do) call or write:

Mr. Leon D. Moskowitz, Vice-President,
Group Insurance & Pensions Marketing,

Metropolitan Life, One Madison Avenue,
New York, N.Y. 10010(212) 578-3148.

% Metropolitan
Where the future is now
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policy to simultaneously benefit farm-
ers and consumers only when the de-
mand for food is both elastic and
growing. Although that was the case in
the U.S. until early in the 20th century,
by the 1920’s the per capita income had
risen high enough for the domestic de-
mand for food to have become highly
inelastic. That is, incomes had risen to
the level where consumers were able to
buy all the food they needed and further
increases in income could have little ef-
fect on food consumption. The result of
such inelasticity is that an increase in
food output of 1 percent leads to a de-
crease in food prices of more than 1 per-
cent. If other factors, such as exports,
remain at constant levels, an increase in
farm production greater than the rate of
population growth causes the market
price of food to decline at a rate greater
than the growth of demand. The total
real market revenue from agricultural
products thus declines.

Such a decline began in the 1920’s and
was intensified by the Great Depression
of the 1930’s. It was relieved during
World War II and the period of postwar
reconstruction, when the U.S. exported
food to countries whose agricultural
production had been disrupted by the
war. By 1950, however, world agricul-

tural production had recovered. Again
the market situation for U.S. farm com-
modities was one of highly inelastic de-
mand both at home and abroad. The
conditions of the 1920's had returned.
Agricultural development and greater
farm output alone could no longer guar-
antee gains simultaneously to both
farmers and consumers because the ben-
efits and the costs of continued develop-
ment were inequitably distributed. As
farm output continued to grow, the con-
sumers were benefited by lower real
prices for food but the farmers suffered
from a decline in income.

To counteract the effects of inelastic
demand agricultural policy in the U.S.
took yet another course. It began pro-
viding a series of compensatory pro-
grams to maintain farm income at ac-
ceptable levels. Farmers were paid to
reduce their planted acreage and output.
Their reduced output supported higher
prices of food on the market. Farmers
were also lent money and storage facili-
ties in ways such that the rate at which
their products were put on the market
was controlled. Furthermore, interna-
tional food-aid programs were devised
to subsidize exports—sometimes in ef-
fect giving produce away—both to help
increase the demand for food and to en-

courage developing countries to accept
it. Such programs, financed by the pub-
lic through taxes during the 1930’s and
again from the 1950’s through 1972,
were compensatory in two senses. First,
the programs directly paid farmers to
compensate them for reductions in their
income from the market as the supply of
food increased more rapidly than the
demand. Second, by controlling farm
production the programs offset or com-
pensated for the greater productivity of
farms that had been promoted through
agricultural research, soil conservation,
irrigation and other development ef-
forts.

fter the 1930’s, then, the U.S. had in
operation both development pro-
grams and compensatory programs.
The compensatory programs did not to-
tally offset or eliminate the effects of the
development programs. As agriculture
continued to improve its technology the
programs controlling the supply of food
to the market served only to slow the
growth of farm output, not to stop it.
Between 1950 and 1972 the price of new
capital technologies remained favorable
with respect to the moderate market
prices of produce, and agricultural pro-
ductivity continued to advance. Farms
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PERCENT OF LABOR FORCE ON THE LAND in the U.S. (black)
has declined steadily over the past 150 years (left). Yet between 1910
and 1970 the absolute output of farms has approximately doubled
(light color). Moreover, the productivity of American farms per farm
worker has increased enormously (dark color). For the purposes of
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comparison the percent of the labor force on the land in other parts
of the world is shown by the bar graph at the right. The percentages
are averages for very large areas and conceal such information as the
fact that 7 percent of the labor force of Israel is engaged in agricul-
ture, whereas 91 percent of the labor force of Chad is so engaged.
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BILL KAUFMANN
HOME: Glendale, California

AGE: 33

PROFESSION: Astrophysicist

HOBBIES: Tennis, skiing, classical music.

MOST MEMORABLE BOOK: “Gravitation” by
Misner, Thorne and Wheeler

LAST ACCOMPLISHMENT: Wrote “The
Cosmic Frontiers of General Relativity” and is
currently working on a screenplay about the
discovery of a black hole in outer space and
man’s attempt to harness its energy.
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QUOTE: “The expanding horizons of man’s
knowledge of the universe have dramatically
shaped the course of western civilization.

I strongly feel that the scientist has a profound
moral obligation to communicate advances in
science to the general public.”
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Polaroid has 8 camera or film
to fit practically all your photo-
graphic needs.

And to do the job quickly and
economically. On the spot and
without a darlsroom.

What can you do with Polaroid
instant films and cameras? Almost
everything—from superb black
and white copies of original art-
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records from sophisticated
instruments.
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look ot these pages. You'l see
examples of Polaroid self-
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For more information and
assistance, send us the coupon
below. Or if you have a photo-
graphic or recording need that
can’t wait, call us collect on our
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547-5176

You'll discover that there's an
easy-to-use Polaroid Land
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your own equipment) that can
save you time and money.
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became larger and more specialized,
handling either crops or livestock in-
stead of both. Farms growing crops
greatly increased their utilization of fer-
tilizers, pesticides, farm machinery and
other capital items. For example, the
use of fertilizer increased by 276 percent
between 1950 and 1972. The use of
powered machines increased by only 30
percent, but in 1972 there were substan-
tially fewer farms than there were in
1950, and the average farm was more
highly mechanized than its counterpart
in 1950. The result was that farm labor
declined by 54 percent over that period
as labor productivity quadrupled and
total farm output increased by 55 per-
cent.

The compensatory programs called
for large outlays of funds, and by the
1960’s the public was spending heavily.
By 1968 the total cost of the programs
was $5.7 billion per year, and by 1972 it
had reached $7 billion. More than a
third of all the wheat grown in the U.S.
was exported in 1965, and more than a
fourth of it was exported in 1970. Other
exports subsidized under foreign food-
aid programs were feed grains, rice, to-
bacco and milk. The decade beginning
with 1970 hence appeared at the outset
to be a continuation of the 1950’s and
1960’s.

No one, however, could have fore-

seen the failure of the Russian wheat
crop in 1972. As a result between 1971
and 1972 American wheat exports al-
most doubled. Feed-grain exports also
grew. With the failure of the Peruvian
anchovy catch in 1973 and 1974, and
the consequent protein shortage in areas
that relied on the anchovies as a feed
supplement, in 1973 American exports
of protein-rich soybeans more than dou-
bled over those in 1971.

With such high export levels the
prices of farm commodities rose
sharply. Furthermore, American crops
showed record yields in both 1974 and
1975. Thus farm income also attained
record levels. The rapid upward move-
ment in income has put farmers in a
highly favorable position with regard to
capital assets. Although some farmers
took advantage of the opportunity to re-
pay their mortgage before it came due,
the majority put their higher earnings
into acquiring new farm equipment, up-
grading their living facilities and enlarg-
ing their farms by buying more land. As
a result farm real estate values more
than doubled between 1970 and 1975.
The supply-control programs were
eliminated early in 1974. Hence for the
past three years U.S. agriculture has
been operating in a free market.
Although the compensatory pro-

grams have held farm incomes at ac-
ceptable levels, they have had an ad-
verse effect on some groups and condi-
tions off the farm, an effect that has not
been lessened even though the programs
have been discontinued. The change in
the very nature of farming, with its high-
er productivity and greater degree of
mechanization, has severely affected ru-
ral communities in agricultural areas.
With the decline in the farm population
the demand for the goods and services
of businesses in country towns has been
eroded. Employment and income op-
portunities in typical rural communities
have therefore declined markedly. As
people migrated out of the rural com-
munities, there were fewer people left to
participate in the services of schools,
medical facilities and other institutions.
With the lessened demand such services
retreated in quantity and quality and ad-
vanced in cost.

Nonfarm groups in the rural commu-
nities took large capital losses as coun-
try businesses closed down and their
operators moved elsewhere, in many
cases leaving their dwellings to decay.
Although the compensatory programs
helped to prevent farms from losing
their income, there were no similar
programs for other enterprises in rural
areas.

Rapid agricultural development in

\
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PRODUCTIVITY OF AMERICAN AGRICULTURE has been high
for most of the past 100 years as a result of the agricultural policy in
the U.S. The gray area represents the total population of the U.S. at
10-year intervals from 1870 through 1970. The black hatched area
shows the number of workers in agriculture for the same period. The
colored hatched area shows the number of people those American
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farm workers could feed. Although the absolute number of people
on the land in 1970 was approximately half the number of people on
the land in 1870, the productivity per worker was 10 times greater
in 1970. Currently American agriculture can feed about 50 million
more people than live in the country, and some 20 percent of all farm
produce is exported. The limits of productivity have not been reached.
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— MEASUREMENT®ECOMPUTATION advances from Hewlett-Packard

The HP 9825 nonpareil desk-top
computing/controlling system is
magnified in power by

new accessories.

Afast, new, low-cost flexible disk drive dramatically
expands the 9825’s available memory, while a new
input/output expander increases the usable 1/0O
channels from three to nine.

Several months ago, in an effort to describe the poten-
tialities of our new 9825, we said, “You must resist
thinking of it either as a programmable calculator or as
a computer.” We then pointed out capabilities of an
order not to be found in other desk-top systems: With
its live keyboard, vectored priority interrupt, direct
memory access, and built-in tape storage, the 9825 can
control and acquire data from several instruments
while it performs calculations, prints or plots results,
and reviews programs—all through simple keyboard
commands and with apparent simultaneity.

To supplement data storage capacity and access speed
of the 9825’s tape cartridge, the new 9885 Flexible
Disk Drive lets you store programs and data on an
economical flexible disk and transfer them to and from
9825 memory at high speeds. The 9885’s outstanding
performance characteristics are especially useful in
systems involving many instruments:

e Storage capacity for a single disk is 468,480 bytes;
average access time is 0.3 second.

e Data transfer rate is 23,000 bytes per second.
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e Data storage capacity is easily expandable. Each
9885 master unit can manage the operations of up
to three 9885 slave units simultaneously.

e System reliability is significantly increased, as
much by the disk’s inherent characteristics as by
the 9885’s write-verify feature, which automati-
cally ensures that the information recorded on the
disk is identical to the source information in cal-
culator memory.

Best of all, the disk drive is especially easy to work
with, thanks to a built-in controller and a complete
software system contained in a plug-in ROM. All disk
operations are initiated by one- or two-word state-
ments, all of which are programmable. (You can pro-
gram the 9825 yourself. Its advanced, easy-to-use
language, HPL, offers you power and efficiency for
handling complex formulas and equations that were
formerly the exclusive province of big computers.
HPL handles subroutine nesting and flags, and allows
26 simple and 26 array variables.)

The new 9878 /O Expander has seven /O slots, and

plugs into one of the 9825’s three I/O slots. Two ex-
panders can be plugged into the 9825 at once. The

9825 and expander can accommodate 16-bit parallel
cards for general purpose interfacing, BCD cards for
BCD devices, or HP-IB cards for use with instruments
conforming to IEEE Standard 488-1975.

Price for a 9885 Disk Drive with interfacing kit is
$3900*; slave units are $2500* each; a 9878 /O Ex-
pander is $1200*; and the 9825 base unit is $5900*.
Together, they provide an autonomous computing
and controlling capability for any laboratory with
serious work to do.
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New HP display station:
extensive stand-alone
capability plus data
communications flexibility.

The HP 2645 Display Stationis the latest and most
powerful addition to Hewlett-Packard’s growing
family of general-purpose, interactive display ter-
minals. Some of its impressive capabilities are:

e Keyboard use is simplified by eight user-defined
soft keys, each of which can be set up to issue a string
of up to 80 characters or several control sequences
stored in the terminal. Thus, instead of repeatedly
keying in frequently used sequences, you can simply
press a key to trigger file searches, issue operator or
computer instructions, dynamically configure the
terminal, or perform other specialized tasks.

e The 2645 is compatible with a wide variety of
computer systems. It can operate at selectable speeds
of up to 9600 baud, and has the optional capability of
asynchronous or synchronous (BISYNC) multipoint
polling with up to 32 terminals on the same line. This
makes possible the sharing of modems, data lines, and

HEWLETT |"hp ' PACKARD

Sales and service from 172 offices in 65 countries.

For assistance call: Washington (301) 948-6370, Chicago (312) 677-0400,
Atlanta (404) 434-4000, Los Angeles (213) 877-1282, Toronto (416) 678-9430

T

———l |
acas

gt

" STAND-ALONE

ML TSN T ROLLED
LOCAL, ASYNE OR SYNC

DAy TE IDIALED O LEASED Ling
k)

UL TROINT POLLED
IREMTE. ABYNE DR SYMC |

DAY CHAINED
CLUSTER

f"'y"l/

FTO ADOITIONAL 245851

Possible 2645 data communications configurations within
local and distributed computer networks include: stand-
alone; point-to-point local or remote; and multipoint polled,
local or remote.

computer /O channels with significant savings in data
transmission costs. Built-in self test ensures proper
operation within its network.

e Data handling capabilities include protected
fields, numeric/alpha field checking, adjustable mar-
gins, character wraparound, off- screen storage

up to 12 kilobytes, character/line insert or delete,
and rapid cursor positioning.

e Up to four 128-character sets can be viewed con-
currently on the high-resolution display. These in-

clude a line-drawing set for forms generation, a math
set, and an accessory kit for user-defined characters.

e Optional, highly reliable cartridge tape transports
provide 220,000 bytes of mass data storage, allowing
the 2645 to batch information and to perform many
operations on a stand-alone basis that normally re-
quire connection to a computer. This reduces on-line
time costs, cuts line charges in remote operations, and
greatly lessens demands on computer resources.

Base price for the HP 2645 is $3,500*; when equipped
with cartridge tape transports, the price is $5,100*.

For more information on these products,
write to us. Hewlett-Packard, 1504 Page Mill Road,
Palo Alto, California 94304.

*Domestic USA prices only.

Mail to: Hewlett-Packard, 1504 Page Mill Road, Palo Alto, CA 94304.
Please send me further information on

| ) HP 9825, 9885, and 9878
| ) HP 2645 Display Station
{ ) Data communications using the HP 2645

Name

Company

Address

City State Zip

00647
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the U.S. in recent decades has also had
a heavy impact on the environment.
Farms have become larger and more
specialized in crops such as wheat, corn
and soybeans, depleting the soil of cer-
tain specific nutrients and thus requiring
larger amounts of fertilizer. As Govern-

N

ment supply-control programs curtailed
the areas planted to crops in the 1950’s
and 1960’s, farmers cultivated their re-
maining land more intensively and ap-
plied even larger quantities of fertilizers
and pesticides. The burden placed on
streams and lakes by the runoff of silt
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and farm chemicals therefore increased.

On the other hand, the development
of American agriculture has fostered
the growth of an entire agricultural in-
dustry—*“agribusiness”—of which farm-
ing is only a small part. The mod-
ern agricultural industry has three ma-
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T

PAPER
MILLS

<————— FORESTRY

THE “AGRIBUSINESS,” or entire food industry of the U.S,, is in-
tricately interwoven with many sectors of the economy and encom-
passes far more than farming. The flow chart gives a visual impres-
sion of the interaction of farming and other activities. On the input
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side of the farm are industries that supply such items as farm machin-
ery and fertilizer; on the output side of the farm is the food-processing
industry. Input-output chart on page 122 shows the interaction of
farming and industry in greater detail in terms of sums of money.
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%—IowAllis-Chahners helpsput *
more bread on world tables.

In wheat-producing countries of the world,  up to twenty-four feet wide. Gleaner combines,
improved farming methods are helping harvesting such crops as wheat, barley, corn,

to boost production to feed the hungry soybeans, rice, sorghum and seed crops, are
millions. Throughout the world, Gleaner further examples of Allis-Chalmers world
combines made by Allis-Chalmers play a leadership technology

key role in harvesting that vital production.  helping to meet The world needs A

These huge machines feed, thresh, mankind’s needs for ALLIS-CHALMERS

separate and clean the grain while moving food, water, energy mOI:e OfWhat
steadily through the field, cutting a swath and minerals. AIIIS‘ChaImerS makeS-
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Satisfying the growin
al:pzlillteglor p aslic:s.g

Nowhere is the concept of future
shock better exemplified than in plas-
tics. Yes, plastics. Families of plastics
for exotic and common hardworking
applications. Materials that can be

adjusted, tailored, reinforced, modified,
combined, soft, hard. No other class of
materials has the versatility to
help more. Here are but a
few common examples.

Vinyl (PVC) Pipe.
Used world-wide for every type of
irrigation from drip to sprinkler systems.

Light weight usually means no special handling
machinery. Only simple
manual tools are needed
for connections. No rust
or corrosion. PVC pipe
is also used in food
processing plants, animal
watering lines and for gas

//.m‘\

Floor Slats. Floors in some pig,

calf and sheep farrowing pens are
made from rigid vinyl
slats. Easier to clean, less
bacteria and disease. Snap-in
installation.

N\

Flour Screen Cleaner. Polyurethane screen cleaner
replaced cloth in giant commercial flour sifter-
grader. Lasted five to 8 times longer, cut wear and
maintenance in half or better.

Packaging. Plastics resins and latexes for films,
containers and for coatings on paper for bulk
wrapping are but a few plastics uses for successfully
transporting foods.

Polyurethane Film. Serves as a
wearcoat over foam belts and bin linings
in citrus processing plant. Damaged oranges
eliminated, according to the packer.

These are but a few successes
and improvements developed by our
customers and their customers. We
make only four types of the 30 and
more broad families of plastics. If you
think our plastics, elastomers and
chemicals can help in some way, please
write Dept. SA-1, B.E Goodrich
Chemical Company, 6100 Oak Tree
Boulevard, Cleveland, Ohio 44131

B.E Goodrich Chemical Company
\ BEGoodrich /§
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jor components. The first is the input-
processing industry that produces the
seed, machines, fertilizers, pesticides,
fuel and other things needed for large-
scale farming. The second component is
the farm itself, which consumes the in-
puts in the raising of crops and ani-
mals. The third component is the food-
processing industry, which takes over
the products of farms, transports them
to processing centers where they are
cooked, canned, frozen, dehydrated, re-
constituted, wrapped and labeled, and
then distributes them to wholesale and
retail outlets.

he input-processing industry now

supplies many things that were once
produced on the farm. Today tractors
substitute for draft animals, fossil fuels
for animal feeds, chemical fertilizers for
manure and nitrogen-fixing crops. Such
developments not only have shifted a
greater proportion of the agricultural
work force from the farms into the in-
put-processing sector but also have in-
creased the cash cost of farming as a
percentage of the total cost. The greater
proportion of cash cost has made farm
profits much more vulnerable to price
fluctuations than they used to be.

The food-processing sector has in re-
cent years come to represent a larger
proportion of the total agricultural in-
dustry than farming itself. In 1975, 42
cents of each consumer dollar spent for
food at retail prices went to the farmer
and 58 cents went to the food proces-
sors. Even the typical commercial farm
family now buys frozen, packaged and
ready-to-serve foods from the super-
market rather than consuming products
raised and prepared on the farm.

The largest fraction of the cost of
processing and handling food between
the farm gate and the retail store is for
labor, accounting for 51 percent. The
remaining 49 percent is divided among
the actual processing of the food, mate-
rials for packaging the food, transporta-
tion, rent, depreciation, promotion, in-
terest, repairs, taxes and other expenses.
Those costs will continue to increase as
consumers, including farm families, de-
mand an increasing amount of process-
ing and a greater number of services to
go along with their food. The tendency
toward higher costs is accelerating as
the quick-food industry flourishes and
as a greater number of people eat meals
away from home.

he change in the nature of agricul-

ture has greatly enhanced the finan-
cial position of established farmers with
large holdings; for them the period from
1960 through 1975 has been the most
profitable period in the history of farm-
ing. The situation is not as favorable for
farmers who are starting from scratch.
Because of inflation in general and the
upsurge in land values in particular the

ﬁ‘”mw G
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Show and tell
...professionally

High schoolers whose science fair exhibits won their way to
the International Science and Engineering Fair at Denver this
spring may already have learned some lessons about com-
municating science that many a professional has yet to learn.
They have succeeded in a format that is catching on fast.

There is nothing sacred about standing up in front of a
seated audience and delivering a lecture. Major professional
gatherings now permit an alternative—poster sessions. Here
the audience strolls by, sampling visually. When one sees
something interesting, one stops. Conversation ensues at what-
ever level of depth the parties can handle. Information is
traded. Boredom is minimized.

How to make your story stand up and attract interest can
be learned young. Good photography is a great help. A big
print can snap the passerby to attention and convey the heart
of the matter. Good science that goes unnoticed might as well
be bad science. That’s reason enough for a career scientist to
get into photography while still in high school.

Our package of photographic hints for science fair con-
testants is free for the asking from Kodak, Department 841,
Rochester, N.Y. 14650.
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AGRICULTURAL PRODUCTS

FOOD AND KINDRED PRODUCTS 17,212 4053 | — 39| 71,970 732 | 2423 467 738 | — 76,325 | 105,045
LIVESTOCK AND LIVESTOCK PRODUCTS 23466 | 7390 | 1,581 185 | 2,321 698 68 6 23| - 3,116 | 37,504
OTHER AGRICULTURAL PRODUCTS 7,564 | 9,468 935 559 | 4,161 118 | 3562 | -1,106 129 | — 6,864 | 30,195
AGRICULTURAL, FORESTRY AND FISHERY SERVICES = 610 | 1341 — 220 | — 19 10 5| — 314 | 2,899
BUILDING AND MAINTENANCE

NEW CONSTRUCTION 535 514 Boa s 1] — — 22 3,290 24 BOB 68,601 96,719 96,719
MAINTENANCE AND REPAIR CONSTRUCTION 352 233 8| — - - o 1409 | s280 | — 6,780 | 30999
MACHINERY

FARM MACHINERY 1 70| 2685 102 43 221 393 26 44 | 2928 | 3656 | 4,756
MATERIALS-HANDLING MACHINERY AND EQUIPMENT 144 — = = = 28 204 78 1| 1440 | 1751 | 3073
SPECIAL-INDUSTRY MACHINERY AND EQUIPMENT 560 | — = 13 32 60 | 1,124 ” 16| 3538 | 4813 | 6353
MOTOR VEHICLES AND OTHER TRANSPORTATION EQUIPMENT 199 416 515 10| 17,621 304 | 3068 | 2451 | 1,252 | 15558 | 39,644 | 57,799
OFFICE, COMPUTING AND ACCOUNTING MACHINES 92 2 1 3 m 152 | 1,578 648 219 | 4195 | 6902 | 9,207
SERVICE-INDUSTRY MACHINES 93 18 2 2 548 176 512 92 170 | 2087 | 3585 | 6895
T A AN D S o AL MACHINES) 7 15 VLY - 791 87 228 128 43 268 | 1,544 | 3945
w| = | | o] ves| | o] vaw| | zew| new| e
FERTILIZERS AND CHEMICALS

CHEMICAL AND FERTILIZER MINERAL MINING P - w| - 3 10 na| - 88| — 213 924
CHEMICALS AND SELECTED CHEMICAL PRODUCTS 458 92| 2274 17 801 82| 2204| 1808 24| - 5017 | 26245
ENERGY

PETROLEUM REFINING AND RELATED INDUSTRIES 250 192 942 5| 1zan 383 950 963 83| — 15,000 | 31,788
ELECTRIC, GAS, WATER AND SANITARY SERVICES 740 13 247 2| e8| - 84 ws | z2sm | — 20,781 | 47,871
CONTAINERS

MISCELLANEOUS TEXTILE GOODS AND FLOOR COVERINGS 20 1 29 | 1814 1 98 19 1 123 | 2066 | 5573
MISCELLANEOUS FABRICATED TEXTILE PRODUCTS 90 * 45 4 2497 17 72 299 2| - 3017 | 5034
PLASTICS AND SYNTHETIC MATERIALS 0| -— - = 21 84 834 58 1l - 998 | 10,158
RUBBER AND MISCELLANEOUS PLASTICS PRODUCTS 793 45 188 * 3,172 329 416 303 275 29| 4523 | 17,213
GLASS AND GLASS PRODUCTS 1,329 6] — = 443 100 189 18 82| -— 832 | 4,768
METAL CONTAINERS 2,645 19 2| - = 124 15 n| - 1 161 | 4490
LUMBER AND WOOD PRODUCTS (EXCEPT CONTAINERS) 12 4 o - 401 163 612 29 5 8| 1,217 | 15330
WOODEN CONTAINERS % — 80 8| -— 2 3 2| - = 2 456
(X CEPT CONTAINERE AN BOXES) 950 17 1 * 1,907 79| 1,013 15 83| — 3,498 | 19,769
PAPERBOARD CONTAINERS AND BOXES 1,916 2 3 17 87 40 27 32 20| — 215 | 7,051
SERVICES

OFFICE SUPPLIES 72 1 1 * = = - 174 a2 | — 616 | 3266
PRINTING AND PUBLISHING 579 9 14 . 5113 13 289 23| 1134 | — 6,862 | 26,002
TRANSPORTATION AND WAREHOUSING 3,243 874 597 31| 14,015 289 | 4987 | 2960 | 1,419 967 | 24,636 | 65679
COMMUNICATIONS, EXCEPT BROADCASTING a7a % 85| — 10,400 | — 320 665 752 | 1,655 | 13791 | 25645
WHOLESALE AND RETAIL TRADE 4347| 1,731 2666 76 | 140630 | | 516 | 2984 | 1,108 727 | 7,808 | 153,773 | 207,109
FINANCE AND INSURANCE 494 379 432 3| 31359 — 169 57 621 16 | 32,221 | 65,495
REAL ESTATE AND RENTAL 908 581 | 2402 80| 89935 | — 811 337 | 1052 | 2567 | 94,701 | 143,163
FOTELS ABLO0GN PLACES PETSOVLAND w| | = | = || = | s | w| - | | com
BUSINESS SERVICES 3,752 95| 1385 * 6201 | — 485 | 2491 | 2391 | — 11,658 | 68,991
AUTOMOBILE REPAIR AND SERVICES 227 155 159 1| 10248 — = 49 20 | — 10,536 | 18,443
BUSINESS TRAVEL, ENTERTAINMENT AND GIFTS 414 32 44 Bl - = = = = = = 13,324
VALUE ADDED 27,650 | 10772 14311| 1700| — = - = = = — | o73,1a
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amount of capital required to start a
new farm is now quite high. Moreover,
since established farmers are investing
their expanded earnings in increasing
their own holdings, beginning farmers
or those with only a small amount of
capital have difficulty gaining a compet-
itive position. One can therefore expect
to see an increasing trend toward more
large commercial farms and fewer small
ones. In addition a substantial fraction
of the older established farmers will
soon be retiring and turning their farms
over to their children, and this younger
generation of established farmers tends
to be better educated and to have higher
management skills than the older gener-
ation.

The large capital assets of the estab-
lished farms, the increase in their size
and the intense competition among
them encourages their operators to
quickly adopt new and promising tech-
nological developments. Hence even
with the high cost of energy and chemi-
cals and increasing environmental re-
straints American agriculture is likely to
make a great technological leap forward
over the next few years. Such an ad-
vance, coupled with the fact that more
land is being shifted from pasture and
forest to crops, could mean that the pro-
ductivity of American agriculture will
continue to increase in the years ahead.

The future of American agriculture
will depend on a number of factors in
addition to its productive capacity. The
two most important factors will be the
extent to whichrecent international con-
ditions continue to prevail and the pres-
ence or absence of Government policies
affecting output either through future
supply-control programs or environ-
mental limits on fertilizers, pesticides
and soil erosion.

It is likely that the rapid rise in the
world demand for American grain
exports since 1972 has both transitory
and permanent elements. The unfavor-
able weather in the U.S.S.R. and the
poor anchovy catch off Peru are transi-
tory elements, intensified by the devalu-
ation of the dollar twice in the early
1970’s. The permanent elements are
such factors as the continuing upward

INPUT-OUTPUT CHART shows the ma-
jor sectors of the economy with which Ameri-
can agriculture interacted in 1970. Numbers
in boxes are billions of dollars given in terms
of the value of the dollar in 1967. Inputs to ag-
riculture are in vertical columns. Output from
agriculture to the rest of economy is in hori-
zontal rows. A dash (—) in a box indicates
that there was no transaction; an asterisk
(*) indicates that transaction was less than
$500 million. Chart was compiled with help
of Anne P. Carter of Brandeis University.

GALL TOLL FREE:
800-621-8318

(1. call 312-595-0461)

Never before has the world seen such a highly powerful
and accurate computer with your safe journey in mind. Its
operating capacity combined with its speed and accuracy
makes it amust precision instrument for all flight enthusiasts.
The NAV 60 has 101 Directly Accessible Keyboard Func-
tions for fast computation of flight plans and solution of
navigation problems —more than any other calculator in
the world! Specialized functions include:
Preflight—Navigation by Rhumbline; navigation by 1 VOR;
Navigation by 2 VOR's; density altitude computation.

Inflight— Finding position by Rhumbline (dead reckoning);
position by 2 VOR's; mach number computation; true air
speed computation; true air temperature computation; DME
speed correction (for heading and altitude); off course
correction.

Also included are functions performed both during in-
flight and preflight, such as complete solutions of the wind
triangle, and vector addition and subtractions. In addition,
direction (degree-minute-second) or time (hour-minute-
second) is displayed in a special format: DDD-MM-SS or
HHH-MM-SS. The capability to manipulate numbers in this
format makes calculations involving time and directional
quantities such as time enroute, estimated time of arrival,
and fuel consumption rate, effortless.

Basic Keyboard Description— General and Scientific Keys:
Change Sign; Exponent Entry; Hour/Degree, Minute, Second

Mode Key; Reciprocal; Square Root; y¥/ and V'y; x-y; Com-
mon and Natural Log or Antilog Keys; Trig and Inverse Trig
Keys; Degree to Radian Mode Key; = Key; Two Individually
Addressable Full Memories; Inverse Key.

Vector Manipulation Keys: DIR,  SPD, DIR, SPD.—Keys
for entering the direction and magnitude of the 1*' or 2!
vector in vector addition or subtraction; V+ V- for Vector
addition or subtraction; DIR,, SPD,, — Retrieves the direction
or magnitude of the resultant vector.

Parameter Keys for Wind Triangle: Wind Direction Key;
Wind Speed Key; Heading Key; True Air Speed Key; Course
Key; Ground Speed Key.

General Parameter Entry Keys: DIST—to determine dis-
tance between aircraft and destination; DIST, DIST,—to
determine distances between 2 points; Ah—to determine
difference in altitude between DME station and aircraft;
SPD-DME —to determine speed of aircraft as measured by
DME; DIST FLN—distance flown by aircraft (used in course
correction); DIST OFF —distance off the planned course;
Pressure Altitude Key; Calibrated Air Speed Key; Indicated

The Flight Computer

The Most Complete Pre-Flight and In-Flight Calculator Available —
Pre-Programmed For Flight Plans And Navigation Problems

The Commodore NAV 60— Specifical
Navigation Use By Professionals An

Special
Introductory
@OFFer

$99%

(I’y Designed For Air
Amateurs Alike!

Temperature Key, Time Key—to determine time elapsed
between 2 events; R,, R,— Readings from VOR stations;
HDG,, HDG,— Bearing between objects; LAT,, LNGg, LAT,,,
LNGp—to determine the latitudes and longitudes of the
starting point and destination.

Function Definition Keys

DME Initiation of DME (Distance Measuring
Equipment) Speed correction function.

c Initiates the off course correction function.
Initiates the solution of the wind triangle.
Initiates the calculation of MACH number.
Initiates the calculation of density altitude.
Initiates the calculation of true air speed.
Initiates the calculation of true air

temperature.
P RAMB Initiates the function finding current position
by Rhumb line.
P1VOR Initiates finding position by 1 VOR.
P 2VOR Initiates finding position by 2 VORs.
RMB Initiates navigation by Rhumb line.
1VOR Initiates navigation by 1 VOR.
2VOR Initiates navigation by 2 VOR.

Additionally, basic functions such as +, —, x, =, x, V'x
y*, Vy logarithmic, metric conversions, as well as two
user memories, are provided so that the calculator can also
be used by the pilot as a general purpose scientific calculator.

The NAV 60 is powered by rechargeable Ni Cad batteries
and is furnished with an AC adaptor/recharger.

Fly with it for two weeks — No Obligation
Please send ________ Commodore NAV 60 Flight Computer(s) at
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MONSANTO REPORT NO. 8 ON CURRENT TECHNOLOGY

MORE FOOD?
Here’s How Monsanto
IsPressing The Attack

As any research director knows,
clearly defining a problem is at least
twenty-five percent along the way to
finding a solution. Technological re-
search, oddly enough, in that way
resembles a battle. The most effective
attack is based on a survey of the
situation, picks an objective, maps a
strategy, then carries it out.

In the world-wide battle to provide
more food, Monsanto researchers have
done just this. The objectives, win-
nowed down from many possible
choices, dictate a concerted team-
attack in two major sectors: save the
losses, optimize the yield from arable
land. And some significant victories
have been chalked up in both.

The problem of producing more
food can be broken down in a score
of ways, depending upon how widely
or narrowly you look at it. Technology
can be focused on anything from ex-
panding productive geography and
improving distribution, to developing
new synthetic food- and feedstuffs or
optimizing cultural practices.

Monsanto researchers elected a ba-
sic approach: optimization of pro-
duction. That objective became the
target for current programs that have
“zeroed in” on the following points
of attack.

Look at the food problem like this.
Earth is a plant-oriented planet. Green
plants are fundamental to all other
life. Every gram of food (or feed for
animals) starts out with plants. The
most important of these, of course, are
crop plants, typically corn and wheat.

In the U.S. alone, approximately
75 million acres are annually planted
to corn; 60 million to wheat. Plant
geneticists have developed some rather
wonderful cultivars — new strains and
hybrids capable of significantly push-
ing up per acre yield. Fertilizers to
feed them to the hilt are already at
hand. All well and good. But, how
much of these grains are lost to the
weeds that prey on such important
food crops?

Any southern Illinois county agent
can tell you: a cornfield with a 10%
infestation of Johnsongrass and its
companion annuals — uncontrolled —
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will yield about 75 bushels per acre
compared to 150 if the grasses are
controlled. That’s a 50% loss. Yet the
yield gain claimed for the best hybrid
varieties over “ordinary seed corn”
amounts to only 25%. In the Red
River Valley, wheat loss to wild oats
alone can average 40% of a potential
crop. That equates to a loss of rough-
ly 1.2 billion loaves of bread a year.

In terms of dollars, it is estimated
in 1976 farmers will lose over $2.5
billion to weeds. That represents a
lot of food.

Jumping ex-U.S. to the Orient
where the predominant food staple
is rice, the loss to weeds is just as
bleak. A typical measure goes some-
thing like this: a hectare of southern
India rice, paddy-planted with the
“Green Revolution” strain, under ideal
growing conditions might yield 2,500
kilos of grain. That, again, is 25%
more than with the standard variety
—an impressive achievement. How-
ever, if the paddy gets infested with
Echinochloa crusgalli (locally they
call it Water Grass) the new rice
strain yields can be reduced by 40%
if this weed is not controlled . . . less
than a clean paddy yields planted
with the old lower-yield variety.

This, then, is the rationale for stop
the losses. And it is a sector in the
battle where Monsanto research has
chalked up some signal technological
victories. But the trick in halting loss
in a specific crop is to discover a
selective compound — one highly toxic
to the weeds, relatively innocuous to
the crop.

In the case of corn, it took some
doing. Corn is a grass —and so are
the major weeds that strangle it.
This cut “selective” phytotoxicity very
thin indeed. The chemical answer,
however, was ultimately found. It
turned out to be 2-chloro-2’, 6’-diethyl-
N-(methoxymethyl) acetanilide. In
wheat, the researchers found that
S-(2,3,3-trichloroallyl) diisopropylthio-
carbamate selectively takes out the
wild oats handily. And for the rice,
the chemical weeder with the most
clout turned out to be N-(butoxymeth-
yl)-2-chloro-2’,6’-diethylacetanilide.

Farmers without a chemical bent
today know these compounds better
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under their respective registered trade-
marked names of Lasso®, Avadex®
BW and Machete®. Calculating whim-
sically, if used on all the corm and
wheat acreage in the U.S. pegged at
the low range of 7% crop-loss to
weeds when untreated — the amount
of food saved in one year can be esti-
mated. It would amount to about 15
million tons of corn; 3 million tons of
wheat. As for rice — the food staple
for 60% of the world’s population —
without weed control it can be esti-
mated enough rice is lost annually to
feed the entire population of India
for a year.

Most recently, Monsanto’s attack
on weed-losses put a heavy gun in the
field. This molecule is N-(phosphono-
methyl)glycine. Unlike the arsenal of
selective herbicides — this compound
is totally phytotoxic. It annihilates to
the roots of some of the most perni-
cious perennial (and annual) weeds
that plague food-growing acreage.
This includes 34 species checked
out thus far, including Johnsongrass
(Sorghum  halepense), quackgrass
(Agropyron repens), field bindweed
(Convolulus arvensis) and Canada
thistle (Cirsium arvense).

These land-spoilers and crop-stran-
glers up to now have in many cases
gone unchecked and for a reason.
Many of these pernicious perennials
reproduce and grow year-by-year
from rhizomes, stolons and under-
ground buds as well as from seeds. A
Johnsongrass rhizome system can
spread over 200 feet in one season;
quackgrass can go 450 feet, sending
up more than 200 separate shoots
from the same plant. Field bindweed,
gaining a foothold in a portion of a
field, can overrun the entire field.
Some herbicides will knock down or
burn off the above-ground parts of
these plants — but the plants will al-
ways return.

With N-(phosphonomethyl) gly-
cine, the tables are turned. Trade-
marked “Roundup®”, a spray treat-
ment works hard, fast and with final-
ity. When the proper rate is applied
to the weeds’ well-grown foliage, the
compound is translocated throughout
the plant. Given 2-10 days time and
something startling and heartening
happens. Perennials that up to now



have been difficult to control die off
to the tip of the furtherest rhizome.
The effect is so dramatic many acad-
emists have hailed the compound as
the most important technological
breakthrough in weed science since
2,4-D. And with reason.

Over a 12-year period, small grain
yield losses in Kansas from bindweed
alone were tabulated. The figures are
revealing:

Losses Due To Field Bindweed
12-year yield

Crop reduction (% Avg.)

Wheat 30%

Barley 39%

QOats 368%

Sorghum 78%

Roundup herbicide treatment to
control most of the toughest peren-
nials has other practical virtues. It is
non-persistent, has no residual soil
activity. With either deep plowing
or minimum tillage, the farmer can
plant corn, wheat, oats, soybeans,
barley or sorghum as soon as 3-7
days after using.

And after a round-up with the “big
gun”, farmers can control perennials
in fallow fields to put them to pro-
ductive use for any of the labeled
cropping systems or up-grade mar-
ginal acreage.

Making Chemistry
Nature’s Helping Hand

Saving losses is one side of the
picture; giving Nature a hand is an-
other. Even by controlling weeds in
sophisticated bigger-yield cultivars,
alas, Nature left to herself can still
short-circuit maximum production.
The fundamental reasons are two:
Nature, unfortunately, is hideously
wasteful of what man wants most
from crop plants — and — the weather
conditions Nature devises often ham-
per optimum growth. Uneven matur-
ing, then, makes harvesting of what
has to be left behind uneconomical.
In either instance, something edible
is lost to the hungry.

There are a number of places,
Monsanto researchers are convinced,
where chemistry and plant science
can lend a hand.

Increasing the efficiency of photo-
synthesis is one. Presently only 2-3%
of sunlight energy that falls on soy-
beans is converted to caloric food
energy. Bring that conversion effi-
ciency up to, say, just 6% — the food
yield per acre of soybeans would dou-
ble. And many other food crops are
just as inefficient as soybeans, if not
more so.

Another way to help Nature along
is to find a compound to whet a

plant’s appetite —a chemical treat-
ment to induce crops to make better
use of the plant foods fed them. It is
estimated that plants use only an esti-
mated 50% of the nitrogen fertilizer
made available; the rest is wasted.

Yet a third way to give Nature a
boost is to find out how to make other
food grains do what soybean plants
can: fix their own nitrogen, in effect
creating their own fertilizer from air.
Peas, beans and clover do it, working
symbiotically wtih nitrogen-fixing bac-
teria. Somewhere is the technology
that might induce Nature to adopt
this same process for other food crops.

Plant growth regulators are still
another area deserving attention and
here chemistry has already made an
initial breakthrough. Imposing a reg-
ulating action on ripening, for exam-
ple, can have impressive effects. Con-
sider the potential food-power of com-
pounds that stimulate crop maturation
when unmindful Nature doesn’t coop-
erate, ideally a treatment that can
make all the fruit of the stalk, vine
or tree ripen at the most opportune
time! With these in the arsenal, it
would enable economic and efficient
harvesting of just about all a geneti-
cally-optimized hybrid could offer.

Monsanto’s initial success with plant
growth regulation has been with
sugarcane. The compound that can
help make Nature more tractable
turned out to be N,N bis(phosphono-
methyl)glycine. Cane farmers in
Hawaii, Louisiana, Florida, Texas
and Ex-USA in Brazil, know it under
its trademark “Polaris®”, It appears
to work like this.

When poor ripening conditions re-
tard the cane’s maturation, the plant’s
content of sucrose, the sugar that is
stored in the stalk, is reduced. Photo-
synthesis goes on; but the sucrose
produced is reduced to simpler sugars
that the cane uses itself, for its own
respiration and metabolism, to keep
growing. The cane farmer, however,
would much prefer that the cane
would stop growing, would ripen and
not consume so much of its own food
production.

The trigger to this happening ap-
pears to be the plant’s acid invertase
content. This is the key enzyme the
cane secretes to reduce its sucrose to
the simpler glucose and fructose that
the plant itself consumes. When Na-
ture provides poor weather condi-
tions, the cane’s acid invertase level
is high. That’s where and when Polaris
can go to work.

After a spray treatment, the acid
invertase level drops, and drops signi-
ficantly. As its concentration goes
down, so does the conversion of
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sucrose to simple sugars; more sugar
is stored in the stalk — and the harvest
yields more of what the cane was
planted for in the first place.

Here is a measure of effect. An
acre of Hawaiian cane used as the
untreated control has been found to
yield 10 tons of sugar; an acre treated
with the growth regulator yielded 11
tons. That’s a healthy increase from
the same field, same weather. And
Monsanto’s work in this kind of chem-
istry to find compounds for other
crops (with their own particular
yield-limiting problems) goes on.

Harking back to research strategy,
what might still be done when a crop
plant is well-fed, protected from
pests and when a given specie has
been helped to give the utmost in
edible product? Obviously, the next
avenue of study is to find ways to
break the genetic barriers to higher
yields —in effect, engineer genetic
improvements. Up to now — through
“mass selection” and cross-breeding
—it has been tedious, time consum-
ing, and hideously costly work. Fur-
ther, this approach can take 10 to 15
years and thousands of acres to bring
an improved cultivar into commer-
cial use.

Monsanto researchers are working
to short-cut the process —and long
term, to give evolution an assist — by
“getting inside” the biochemistry of
how genes function, to learn how
favorable mutations can be promoted

. “chemically”.

This is long range research — al-
though a breakthrough could come
at any time. The goals the plant
breeders and geneticists are working
toward with breeding, to these same
ends Monsanto is investigating poten-
tial routes with molecular biological
manipulation.

These then are the ways that one
of the many research teams is hard
at work on the food problem. And
Monsanto’s approach, like those of
academists’ and other commercial
enterprises’, illustrates again that
technology has yet to reach an end-
point.

Monsanto
the science
company.
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trend in world population and per capita
income, and the shift toward the con-
sumption of more meat in the develop-
ing countries. Such long-term trends are
rather smooth; unlike the transitory ele-
ments, they are not quantum jumps in
the long-term world demand for grain.

There are, of course, many hungry
people in the world who would eat more
if they had a higher income or were giv-
en food on a charitable basis. At the
moment, however, there is no prospect
that these things will come to pass. Thus
the demand for the grain of the U.S. and
the other major grain-producing coun-
tries will intensify as both the popula-
tion and the income of the developing
countries increase. In some years that
gradual upward trend in the world de-
mand for exported grain may be inter-
rupted as crops in other countries do
better or worse.

The U.S.S.R. and other countries are
concerned to build up grain reserves to
protect their consumers from exaggerat-
ed swings in food prices. Until effective
world grain-reserve facilities are creat-
ed, however, or unless the U.S. itself re-
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3,800

serves great quantities of grains, Ameri-
can agriculture may be affected by
whiplash fluctuations in world grain
prices, with high and low levels of ex-
ports and high and low levels of income.
In other words, the prospect for the
prices of grain and food is one of great
instability.

uch instability is not, however, inevi-
table. If international organizations

or a single world organization could es-
tablish institutions that would make
added output from American agricul-
ture available to the world’s hungry, and
if the effort could be made economic for
American farmers, the U.S. could in-
crease its agricultural output and ex-
ports by a substantial amount over the
output and exports of the 1970’s. The
U.S. has a considerable reserve of land
that could be planted to crops if it were
profitable to do so. The latest available
census data show that in 1969 the nation
had 422 million acres of cropland, of
which only 333 million acres were de-
voted to crops; the remainder was given
over to pasture or lay fallow. Moreover,
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the nation has an additional 264 mil-
lion acres of forest, pasture, rangeland
and wetlands, some of which could, if
it were essential, be converted to crop-
land.

If just the unused cropland were now
converted to crops, if water were uti-
lized efficiently and if all proved new
technologies were adopted, by 1985 the
nation could fully meet all domestic de-
mand and still increase its exports of
grain by 183 percent over the record av-
erage level between 1972 and 1974. Spe-
cifically, corn exports could be in-
creased by 228 percent, wheat exports
by 57 percent and soybean exports by
363 percent. Furthermore, if some of
the 264 million acres of potential crop-
land were brought into production, ex-
ports by the year 2000 could be even
greater.

Grain exports could be increased even
without converting any additional land
to crops. If American consumers were
to substitute soybean protein for only 25
percent of the meat in their diet, less
grain would be needed to feed livestock;
by 1985 the U.S. could export 80 per-
cent more feed grains, soybeans and
wheat than it did between 1971 and
1974. Alternatively, if American con-
sumers reduced their total meat intake
by 25 percent, the U.S. could export 103
percent more grain. Or if silage were
substituted for 25 percent of the grain
that is fed to cattle, American grain ex-
ports could be increased by 110 percent.
What if all three of those things were
done? By 1985 American grain exports
could be increased by 135 percent.

To me all of the above suggests that
the world’s food problems can be
brought under control by two main ef-
forts. First, as other authors in this issue
of Scientific American have emphasized,
the governments of the poor countries
must actively encourage the develop-
ment of their own agriculture. Second,
since it is unlikely that even with such
development all the poor countries will
be able to feed themselves for some time
to come, world institutions and markets
must be created in order to absorb more
of the output of the food-exporting
countries at prices that are economic for
their farmers.

Today the cash cost of farming has
risen so high that the break-even prices
of farm produce have doubled over
what they were in 1970. American farm-
ers are unlikely to risk increasing their
output to high levels unless certain base
prices are guaranteed. Until such guar-
antees are adopted, and until worldwide
public policies establishing grain re-
serves against the lean years are in ef-
fect, the instability of world grain prices
is likely to restrain American farmers
from enlarging the amount of land they
have under cultivation and increasing
their output.
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The Agriculture of Mexico

The “‘green revolution” has been a notable success among Mexico'’s

larger, more commercial farmers. Its benefits must now be extended

to the majority of rural workers in the traditional farming sectors

exico merits a special intermedi-
M ate position in any compara-
tive international account of
agricultural development. In the past 30
years or so Mexico has made remark-
able progress in expanding its capacity
for producing food, yet many serious
problems remain. Having accomplished
one agricultural revolution, the country
finds itself sorely in need of another. It is
this paradox that makes the story of
Mexico’s agricultural development a
particularly instructive case history for
inclusion in a review of the state of
world agriculture.

The Mexican government has a three-
fold agricultural policy: (1) to produce
enough food and fiber to meet the needs
of a growing population; (2) to raise
crops that can be exported to bolster
foreign exchange; (3) to increase the in-
come and general welfare of the rural
people. What has been Mexico’s record
in recent years in meeting these policy
requirements?

During the 1930’s and early 1940’s
food production in Mexico had become
stagnant. By 1945 the country was im-
porting between 15 and 20 percent of its
cereal grains, mainly corn and wheat, to
help supply the food demands of its 22
million people. This situation changed
drastically in the next two decades,
when there was a striking surge in the
production of basic food grains. By
1960 food deficits had disappeared. By
1963 the supply of food began to exceed
the domestic demand, and during the
next five years considerable quantities
of corn and wheat were exported.

Then, in the late 1960’s, this dynamic
growth began to lose momentum, and
by the early 1970’s Mexico was again
importing between 15 and 20 percent of

by Edwin J. Wellhausen

its basic food grains. Why? What are the
problems? What are the prospects for
bringing food production back into bal-
ance with population growth?

he 20 years from 1950 to 1970 were
the boom years in Mexico for food

production. In spite of the fact that the
population had increased to 43 million
by 1965, Mexico managed not only to
erase its food deficit but also to generate
surpluses for export. According to fig-
ures compiled by the National Bank of
Mexico, the country exported 5.4 mil-
lion tons of corn, 1.8 million tons of
wheat and 339,000 tons of beans during
the period from 1964 to 1969. (Most of
the exports were at a loss, since at that
time world prices were lower than the
government-guaranteed prices.)

Between 1950 and 1970 production
of wheat in Mexico increased from
300,000 tons per year to 2.6 million
tons—more than eightfold in the short
span of 20 years. Yields per unit area
quadrupled from 750 Kkilograms per
hectare to 3,200 kilograms. For a time
the Mexican government limited the
area planted to wheat in order to pre-
vent unmanageable surpluses.

Similarly, but less spectacularly, the
output of corn increased by more than
250 percent during the same period:
from 3.5 million tons in a good rainfall
year in the late 1940’s to about nine mil-
lion in 1968. Average yields per hectare
increased from 700 to 1,300 kilograms.
Corn is Mexico’s staple food crop. Ap-
proximately half of the cultivated land
is planted to corn every year, most of it
under rain-fed conditions.

During the period from 1950 to 1970
the annual bean crop almost doubled:
from about 530,000 tons to 925,000.

LARGE-SCALE IRRIGATION has converted the dry northwestern coastal plain of Mexico
into one of the country’s most productive agricultural regions. The false-color image on the
opposite page, made with data obtained on January 11, 1973, by the multispectral scanning
system aboard the LANDSAT 1 satellite, shows a portion of this newly fertile strip near the
border between the states of Sonora and Sinaloa. The region produces a variety of food crops
on a year-round cropping system. Wheat is grown mainly during the cool, dry winter months.
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Corn and beans, eaten in the propor-
tion of about three to one, constitute
the main diet of both the rural popula-
tion and the urban. Much of the pro-
tein in the diet is supplied by the beans.

The production of sorghum in 1950
was about 200,000 tons. By 1970 the
production of this cereal grain had
grown to more than 2.7 million tons
per year—a 14-fold increase. In Mexico
most of the sorghum crop is used for
feeding hogs and poultry. As a result the
supply of pork, eggs and chicken in-
creased strikingly to keep pace with the
demands of the urban population.

In 1950 soybeans were generally un-
known in Mexico, but by 1970 produc-
tion had increased to some 275,000
tons, adding significantly to the supply
of vegetable oils and proteins.

These extraordinary achievements
have been referred to in international
circles as the “green revolution.” Al-
though many economic, political and
social factors were involved, the ad-
vances were driven largely by a combi-
nation of three technological factors: (1)
the development of new, high-yielding
plant varieties that are widely adapt-
able, responsive to fertilizer and resis-
tant to disease; (2) the development of
an improved “package” of agricultural
practices, including better land manage-
ment, adequate fertilization and more
effective control of weeds and insects,
all of which made it possible for the im-
proved varieties to more fully realize
their high yield potential; (3) a favorable
ratio between the cost of fertilizer and
other inputs and the price the farmer
received for his product.

The first phase of the agricultural rev-
olution in Mexico began in 1943 with
the launching of a cooperative agri-
cultural-improvement program by the
Mexican Ministry of Agriculture and
the Rockefeller Foundation. The stated
purpose of the program was to increase
the production of the basic food crops
through the genetic improvement of
plant varieties, the improvement of the
soil and the control of insect pests and
plant diseases. A corollary goal was to
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train young men and women in agricul-
tural research and in the development
of techniques for promoting the rapid
adoption of the new technology. The
joint program operated for 16 years
(from 1943 to 1959) with a combined
multidisciplinary staff in its peak years
of 100 Mexican scientists and 20 scien-
tists from other countries. Extraordi-
nary progress was made toward both
objectives.

During the quarter of a century from
1945 to 1970 the population of
Mexico grew by 220 percent. During the
same period corn production increased
by 250 percent. Some of this increase
resulted from an increase in the area
planted to corn, but much of it can be
attributed to the increased use of im-
proved seed and chemical fertilizer. Un-
der good conditions some of the im-
proved varieties yielded as much as 100
percent more than the unimproved
types.

SONORA

CHIHUAHUA

After extensive experimentation it
was found that nitrogen was the princi-
pal limiting element in most soils. By
the 1950’s a hectare of land producing
1,000 kilograms of corn could readily be
made to produce at least 4,000 kilo-
grams through the application of 100
kilograms of nitrogen (in the form of
various nitrates) in combination with
improved seed and adequate moisture.
This works out to a ratio of 30 kilo-
grams of corn per kilogram of nitrogen.
Atthattime a kilogram of pure nitrogen
cost about four pesos and 30 kilograms
of corn was worth 24 pesos. Thus a
farmer could realize a sixfold return on
money invested in nitrogen (not includ-
ing other expenses such as the costs of
better weed control and of harvesting
the additional corn). Before the early
1950’s much of the cultivated land was
periodically abandoned to grow up in
weeds, including wild legumes, because
its fertility had diminished to the point
where it no longer was economically
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feasible to grow a crop on it. That prac-
tice was quickly abandoned where mon-
ey or credit was available to buy chemi-
cal fertilizer. This factor alone accounts
for much of the increase in land planted
to corn and beans during the boom
years.

Wheat is grown under irrigation in
Mexico during the cool, dry winter
months. The wheat varieties available in
the 1940’s and before then were suscep-
tible to black stem rust, and every year
certain fields were completely destroyed
or seriously damaged by the pathogen.
Because of this hazard farmers did not
risk much money, if they risked any, on
fertilizer. The situation changed rapidly
with the introduction of rust-resistant
varieties, which made the application
of fertilizer highly profitable. The first
rust-resistant varieties were released in
the early 1950’s, but the big rise in pro-
duction came in the early 1960’s with
the release of rust-resistant dwarf varie-
ties. These varieties responded more ef-
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MOUNTAINOUS TOPOGRAPHY OF MEXICO, combined with
the very uneven pattern of rainfall, limits the potentially arable land
to about 15 percent of the country’s total land area, Only about 9 per-
cent of the total is under cultivation today. More than half of the pres-
ent cropland lies in the predominantly rain-fed central highlands
(hatched area). Highly productive irrigated areas with varied, year-
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round cropping systems include, besides the northwestern coastal
plain, portions of the states of Coahuila, Chihuahua, Baja California
and Tamaulipas (light gray areas). A year-round productive region
without irrigation encompasses eastern San Luis Potosi and northern
Veracruz (dark gray area). Most of the undeveloped potential crop-
land is in the tropical areas along the coast of the Gulf of Mexico.
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Millions of Americans

get professional money management
a thousand miles from Wall Street.

R Whether your income is large or small,
s you can have professional help right now.
There is an IDS representative near you,
ready to offer you our Personal Money
Management service.

Here’s how it works. First, your IDS
representative sits down with you. And asks
a lot of questions.

Any debts? Assets? When do you want
to retire? College for the kids? Like to start
a business someday?

Then, after careful study, your representa-
tive returns with suggestions and alternatives
for you to consider—even including tax breaks.

You get a realistic picture of the action
to take to help you get what you want
from your money.

All without cost or obligation on your part.

Investors Diversified Services is one of
the world’s biggest personal money manage-
ment companies. Our representatives can

- | e : offer you many kinds of money accumulation
- e W - = ‘ g B plans, insurance, and investments.
T emms QIR v % 1 Our confidential, unbiased analysis may
reveal that you need some of these financial
From our headquarters in the IDS Tower services. And when you see how IDS works,
in Minneapolis, we manage $7 billion in we're confident you won’t want to go any-
assets for people all over the country. where else.

r------------------------------

Investors Diversified Services, Inc.
2605 IDS Tower, Minneapolis, Minnesota 55402

[J Yes, I need to know how professional money management can help me get
what I want from my money. Please see that I receive, absolutely free, your 16-
page booklet “Personal Money Management”. At no obligation, of course.
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Address

----J

City State Zip
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We help people manage money.

Investors Diversified Services: Money accumulation plans, insurance, investments, retirement plans and other tax-deferred opportunities.
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PRODUCTION OF BASIC FOOD CROPS increased dramatically in Mexico in the two dec-
ades from 1945 to 1965, after which total food production began to level off as the impact
of the technology-based agricultural revolution appeared to have run its course (bar chart at
top). Since 1970 production per capita has actually declined somewhat (bar chart at bottom),
as the population (now 62 million) has continued to grow at an annual rate of about 3.5 per-
cent. According to the author, a high rate of growth in agricultural production (in excess of
the rate of population growth) can again be achieved in Mexico by promoting the adoption of
the recommended “package” of agricultural practices among the large number of compara-
tively unproductive semicommercial and subsistence farmers in rain-fed areas of the country.
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ficiently to greater applications of nitro-
gen and phosphorus without “lodging”
(becoming top-heavy and falling over),
and as farmers increased the amounts of
fertilizer, unit-area yields began to soar.

Yields of other food crops such as
beans, tomatoes, potatoes and sorghum
were also greatly increased in those
boom years through the application of
the new technology. The Food and Agri-
culture Organization of the United Na-
tions estimated in 1959 that agricultural
production in Mexico increased an aver-
age of 7 percent per year during the 10-
year period ending in 1959. Thisrate of
growth was considerably higher than
that achieved by any other country in
Latin America.

An important factor in these accom-
plishments was the intensive in-service
training of personnel. Some 750 young
men and women participated directly in
the field and laboratory phases of the
program during the 16 years that it ran.
Much of the research work was done in
fields in collaboration with the more
progressive farmers. The in-service
training was not limited to Mexicans;
it included people from other Latin-
American countries, who were later in-
strumental in the development of agri-
cultural-improvement programs in their
own countries.

In 1952 many of the Mexican trainees
entered the production campaign ini-
tiated by the Ministry of Agriculture to
assist farmers in the application of the
new technological package of practices
they had helped to develop. Those who
demonstrated an aptitude for research
and its application in agricultural devel-
opment were given an opportunity to go
abroad and study toward an advanced
degree at some of the leading agricultur-
al universities of the world. In 1959
Mexico initiated its own graduate pro-
gram in agriculture at Chapingo, near
Mexico City. Staffed by a well-trained,
field-experienced faculty, the school has
steadily gained prestige throughout Lat-
in America.

By the late 1960°’s the impact of this
technology-based agricultural rev-
olution appeared to have run its course.
Total agricultural production began to
level off, and once again the rate of pop-
ulation growth began to exceed the rate
of agricultural growth. The increase in
the production of corn, for example,
first began to level off in 1965 at about
nine million tons per year. The demand
for corn in 1975, however, reached ap-
proximately 10.5 million tons, creating
a shortage of about 1.5 million tons.
This shortage amounts to about 17 per-
cent, so that in terms of supply and de-
mand the situation has become roughly
what it was in 1945. Fortunately supply
and demand for other food crops, such
as beans, rice, vegetables and sorghum,
are approximately in balance. The cur-
rent deficit is primarily in corn. As a
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result the importation of cereal grains
has risen markedly since 1970.

The current situation can be attribut-
ed in part to shifts in government poli-
cies regarding cereal production and
cost/price ratios, but things appear to be
more complicated than that. On careful
analysis it is apparent that the pro-
duction revolution succeeded primari-
ly among the larger, more commercial
farmers, who were in a better position
to afford the fertilizer and other inputs.
Furthermore, as one might expect, the
new technologies flourished best in
those areas where production risks were
the lowest and profit prospects were the
highest. All farmers have not bene-
fited equally from the technological ad-
vances.

Wheat, for example, is produced
largely by the more progressive farmers
in the irrigated areas of the Pacific
northwest of Mexico and the western
part of the central highlands, where wa-
ter for irrigation is available during the
dry winter season; corn, in contrast, has
been relegated primarily to the smaller,
less advanced farmers in the unirrigated
areas, where rainfall is often erratic.
New techniques in corn production
have been adopted mainly by the more
sophisticated commercial farmers in ar-
eas where rainfall is generally well dis-
tributed during the rainy season. Sor-
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ghum, supposedly a crop for dry areas
with highly variable rainfall, is being
grown mainly by the highly commercial
farmers in the better rainfall areas and
often under irrigation.

Up to about 1968 the agricultural rev-
olution in Mexico moved ahead mainly
under its own momentum without a ma-
jor effort in technical assistance to the
farmers. Could it be that under present
circumstances the rate of growth in the
production of food crops has dimin-
ished because the rural sector is running
out of clients who can make use of the
technological package in the form in
which it is now being offered? Is there a
need to develop special technological
packages better suited to unirrigated ar-
eas where rainfall is often poorly dis-
tributed? Must the programs of techni-
cal assistance be reoriented at the farm-
er level to gain more rapid adoption of
profitable technology by a larger pro-
portion of farmers? Is the current deficit
likely to become chronic because Mexi-
co is running out of arable land? These
questions call for a closer examination
of the present character and the future
problems of Mexico’s agriculture.

he total land area of Mexico is some
195 million hectares—roughly a
fourth the area of the U.S. According to
existing estimates, about 30 million hec-

tares, or 15 percent of the total area, is
potentially arable, but only about 16,-
776,000 hectares, or 8.6 percent, is un-
der cultivation today. This is only a little
more than the total area of cultivated
land in the state of Iowa. The rest of the
land is either too dry, too wet or too
mountainous for the raising of crops.
Most of the undeveloped potential crop-
land is in the low-lying tropical areas.
Much of it is poorly drained, perma-
nently flooded or periodically inundated
and is subject to hazards that make it an
unsatisfactory place for people to live.
The investment needed to bring it into
cultivation would be very large.

More than half of the present crop-
land lies in the rain-fed central high-
lands. In this region annual rainfall var-
ies widely, most of it coming in a period
of four months, from July through Oc-
tober. Moreover, the rainfall is often
irregular during the rainy season. Al-
though most of the crops are grown un-
der rain-fed conditions, supplemental
irrigation is available for about 1.5 mil-
lion hectares. The main crop in the area
is corn, but other crops such as wheat,
vegetables (tomatoes in particular),
strawberries and potatoes are grown
during the winter months where irriga-
tion is available. The central highlands
constitute only about 15 percent of the
total area of Mexico, but they include
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RECENT LEVELING TREND in the aggregate output of Mexico’s
25 leading crops is evident in this graph, which summarizes the data
for the past 15 years according to two different indexes of agricul-
tural growth: the average annual production (black curve) and the
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total area planted (colored curve). The 25 crops are corn, wheat,
rice, sorghum, barley, beans, soybeans, potatoes, tomatoes, onions,
garlic, chick-peas, alfalfa, strawberries, melons, watermelons, sugar,
cotton, coffee, cacao, tobacco, sesame, peanuts, flax and safflower.
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ANNUAL PRODUCTION OF CORN in Mexico grew at a rate faster than the rate of pop-
ulation increase between 1945 and 1965, when the crop began to flatten out at a level of about
nine million tons per year (black curve). Some of the increase during the boom years resulted
from an increase in the area planted to corn (colored curve), but much of it can be attributed
to increased yield. Close to 98 percent of the corn crop is consumed in the form of tortillas.
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ANNUAL PRODUCTION OF WHEAT grew even more spectacularly during the peak years
for Mexican agriculture, with yields per unit area quadrupling between 1950 and 1970. The
extremely high yields obtained in recent years under irrigated conditions with the new disease-
resistant dwarf varieties of wheat are reflected in this graph, which compares the annual out-
put of wheat (black curve) with the number of hectares harvested each year (colored curve).
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not only half of the country’s total crop-
land but also more than half of the total
population.

One of the most productive agricul-
tural areas in Mexico is in the dry north-
western coastal plain under irrigation in
the states of Sonora and Sinaloa. This
region produces considerable quantities
of wheat, vegetables, rice, soybeans, sug-
arcane, cotton, saflower and sorghum
in a year-round cropping system. Here
yields per unit area are among the high-
est in the world. )

Smaller but still highly productive ir-
rigated areas with similar cropping pat-
terns are located in the states of Coahui-
la, Chihuahua, Baja California and Ta-
maulipas. Another year-round produc-
tive area encompasses eastern San Luis
Potosi and northern Veracruz, where
the rainfall is fairly well distributed
throughout the year. Although this area
is unirrigated, it produces considerable
quantities of corn, sugarcane and tropi-
cal fruits.

With few exceptions, the remaining
land currently cultivated is widely dis-
persed on steep slopes, narrow ridges
and small alluvial valley floors through-
out the eastern and western mountain
ranges and southern highlands. In these
areas traditional semicommercial and
subsistence agriculture involving corn
and beans prevails. In the eastern moun-
tains and southern highlands, with the
exception of some of the highland val-
leys in Oaxaca, rainfall is usually ade-
quate during six months of the year.

ccording to an analysis made by the
National Bank of Mexico, there are
2,816,000 farm units in Mexico. Of
these, 7.1 percent are classified as mod-
ern, consisting of those farms on which
the more progressive, commercially
minded farmers apply the recommend-
ed package of improved technological
practices more or less completely; 40.5
percentare classified as traditional semi-
commercial farms, on many of which
the farmers apply at least part of the
recommended agricultural practices,
and 52.4 percent are classified as subsis-
tence farms, cultivated by farmers who
buy or sell very little and are mainly
concerned with producing enough corn
and beans for themselves and their fam-
ilies. As one might expect, there are
striking differences in the average farm
size, percent of cropland under irriga-
tion, capital investment and average
gross income among the three catego-
ries. The rapid increase of agricultural
production during the boom years is due
primarily to the efforts of the modern
sector.

About 50 percent of the total farm
units are located in the central high-
lands. In this region landholdings aver-
age 10.7 hectares per unit, of which
about six hectares is suitable for raising
crops. It is in this area that the problems
of overcrowding and subsistence agri-
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OUR CELLARMASTER, BROTHER TIMOTHY, TALKS ABOUT THE SPIRIT WE MAKE FROM WINE: HOW
IT WAS DISCOVERED AND HOW WE GAINED A REPUTATION FOR A UNIQUE AMERICAN TASTE.

ATE IN THE SUMMER, the grapes near our Mount Tivy winery and
distillery begin to take on full sweetness from the sun. These
vineyards in the great Central Valley of California produce the
choice varieties we use in The Christian Brothers Brandy. It is
2y made here under our care.
) Our busiest time is during the fall
, Grapes are selected and crushed; a spe-
- cial wine is prepared; our
4 stills work Tound the
clock. Afterwards
comes the aging
in small oa
casks, blending,
and selecting

for bottling.
Plavor offThe Christian Brothers Brandy Brandy
with the selection of rich sun'npcncd Rrapes is made ln

many lands. Ours has a unique American taste. One we created.
You may enjoy a little of its story.

Brandy is a distilled spirit made from wine. It is also the most
ancient of spirits. Brandy, then called “aque vitae” was mentioned
in the 11th century Italian writings. By the 14th century the French
were distilling wines to save shipping space. Oak barrels gave the
concentrated wine a pleasing new character. The Dutch called
it “brandewijn’ The English shortened it to brandy.

WE CREATE A NEW FLAVOR AT
p MOUNT TIVY
|| The Christian Brothers have made
| California wines since 1882. When we
decided to produce brandy, we wanted
1 to make a light, smooth spirit. The old-
| world method was the pot-still. It makes
arich brandy, slow and costly to pro-
duce, and often heavy. The alternative
was a “whisky-type” still.

Neither method was satisfactory,
| so we designed our own stills. One
gives us a selection of lighter brandies. To it, we added a patient
old pot-still which provides brandies with depth and aroma. We
blend brandies from both stills to a taste unique to us. It is light,

The Pot-Still. From an 18th
century French engraving

smooth, mellow. And rich. We planned it many years ago. And
we keep on planning for it.
THE BLEND BEGINS IN THE “LIBRARY”
The final step requires an experienced palate and
memory, plus a wide choice of aging brandies for
blending. Our brandies mellow and mature in
small oak casks. A staff of coopers sees we have
plenty of them —for each lot of brandy comes to life
in its own time. Many an old patriarch is still develop-
ing and may not be selected for years to come. This
inventory, or library, lets us pick and choose, and
give each bottle the taste you enjoyed last year and
guarantee the one you will enjoy next. It is our
tradition of quality—one we will never change.

Bt Tty JSC

Cellarmaster, The Christian Brothers,
Napa Valley, California

Careful blending is
the secret of consistent
flavor in our brandy.

—

WHEN AND HOW TO SERVE OUR BRANDY

—

N\

The unique essence of the grape in
The Christian Brothers Brandy is
an elusive, more pleasant taste.

With coffee, or in coffee:

Try Venetian Coffee (1 oz. brandy

in a zup or glass of hot coffee, with

cream)—or.a Mexicali(1 part
coffee liqueur with 2 parts brandy
served over lots of cracked ice).

California Brandy: 80 Proof.
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On the rocks, or as a highball:

sugar to taste, topped with whipped

As a mixed drink: Our brandy is
an excellent companion with fruit
juices—especially as a base for a
“Sour” A “Stinger” (1 part White
Creme de Menthe, 2 parts brandy)
is another favorite.

In recipes: Top vanilla or coffee
ice cream with our brandy for an
easy dessert; add it to fruit cakes
and puddings—or try a tablespoon
or two in sauces or gravies.

Worldwide Distributors: Fomm and Sichel, Inc., San Francisco, California.
- - —  — — — - __




WE STRING RLONG WITH ROY RLLTHE TIME.

At any given moment, Roy Rogers
may have several irons in the fire—
a movie, recording session, rodeo
appearance, etc. Yet, as tough as it
is to keep up with Roy, Allegheny
Ludlum Industries companies do it.
At home, in his museum, on
the ranch or road, Allegheny
Ludlum contributes to the quality
of Roy’s life. When he travels, his
car, train or plane depends on
products from our Metals Group:
Allegheny Ludlum Steel, Standard
Steel, Timet, Special Metals Corp.
and our Standard Thomson Corp.
His lawn is trimmer with a Jacobsen
Rider Mower; his trees are neater,

his tee-off sweeter with True
Temper tools and golf club com-
ponents. When Roy records, he’s
heard through the specialty prod-
ucts turned out by our Carmet and
IPM companies, and our Arnold
Magnetic and Electronics group.
Wherever Roy Rogers is,
whether he’s
aware
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Nere all around you.
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of us or not, we touch his life. Your
life, too. Your electric power, your
communications, your business
and leisure activities.

Look around. Wherever you
are, we're singing your song.
Allegheny Ludlum Industries, Inc.,
Pittsburgh, Pennsylvania 15222.




culture are severest. Many of the sub-
sistence farms are located in margin-
al areas of poor soil and inadequate
rainfall.

In the country as a whole a compara-
tively small number of modern farmers
provide about 45 percent of the total
commercial agricultural production on
about 20 percent of the cropland. In
contrast, the large semicommercial and
subsistence sectors combined account
for about 55 percent of the total agricul-
tural production on about 80 percent of
the total cropland. Farmers in the latter
group operate primarily under rain-fed
conditions, and their production has
generally become stagnant. In many
places rainfall is often insufficient and
variable, yet it is estimated that about
three-fourths of the farmers in the semi-
commercial and subsistence sectors are
economically viable and could profit-
ably and substantially increase their
production through the application of
modern technology.

The third of the total cropland in
Mexico that is irrigated provides about
55 percent of the total agricultural pro-
duction. Although much more supple-
mental irrigation could be provided in
many of the rain-fed areas, the develop-
ment of additional full-scale irrigation
projects in present agricultural areas
does not seem promising. Practically all
the water sources on the surface and un-
derground are already being utilized.
Putting additional land under full-scale
irrigation would be extremely costly.
In some of the irrigated regions of
the central highlands water shortages
are becoming increasingly apparent
and groundwater tables are falling.

Irrigated areas not only are more pro-
ductive but also have a tremendous ad-
vantage in that they can produce a wide
range of crops in multiple-cropping sys-
tems, including fruits and vegetables
with high net returns. Rain-fed agricul-
ture is limited to corn, beans, sorghum
and chick-peas.

he present population of Mexico is

about 62 million, with an annual
rate of growth of about 3.5 percent.
(The comparatively high growth rate of
the population is a reflection not only of
a high fertility rate but also of a rapidly
falling death rate.) Some 40 percent of
the total population, or about 23 mil-
lion, live or work in the rural areas. Of
these, 5.1 million are classified as being
economically active, with 3.5 million of
them considered to be underemployed.
If the present population growth rate
continues, the rural population can be
expected to increase greatly and along
with it the number of underemployed,
many of whom will seek work in the
cities. The present industrial and service
sectors can in no way provide employ-
ment for the growing numbers of rural
unemployed or underemployed.
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IMPORTATION OF CEREAL GRAINS into Mexico has increased sharply in recent years,
owing to the growing deficit in corn production. The required level of grain imports is plot-
ted here in terms of dollar value (black curve) and percentage of total imports (colored curve).

Although a great effort is being made
to improve rural education, the educa-
tional levels of the farming groups in the
semicommercial and subsistence cate-
gories continue to be very low. It will be
easier to convert the subsistence popula-
tion in marginally productive regions
into a reasonably productive agricultur-
al labor force than to try to incorporate
them into the industrial world. It is es-
sential that the agricultural sector itself
provide greater opportunities for em-
ployment.

Mexico has millions of hectares of
good, reasonably level, potentially fer-
tile cropland in the north-central pla-
teau and in the northwestern coastal
plains. These regions could produce
millions of tons of additional food
crops—if enough water were available.
In these areas crop production is not
possible without irrigation, and most
of the available water is already being
utilized.

One of the basic problems of Mexican
agriculture is that the distribution of the
water resources does not coincide with
the distribution of the good cropland.
The currently cropped land and the peo-
ple are concentrated in the drier or semi-
arid areas of the country. The central
highlands, for example, which have
about half of the population and half of
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the cropland, have only about 10 per-
cent of the water resources. In contrast,
the southeastern region, which has only
8 percent of the population and very lit-
tle cropland, has 40 percent of the water
resources. The available water is obvi-
ously not where it is needed most or
where it can best be utilized.

The crops Mexico produces for ex-
port are primarily cotton, sugarcane,
strawberries, tomatoes, onions, melons
and watermelons. With the exception of
sugarcane these crops are grown mostly
under irrigated conditions during the
dry season of the year. Up to 1973 the
agricultural sector generated more than
half of Mexico’s total income from ex-
ports. A combination of factors caused
this proportion to drop to about 33 per-
cent in 1974. A reduction in cotton ex-
ports had its effect, but it is becoming
increasingly clear that the general stag-
nation in the production of the basic
food crops was a major factor in the
decline.

Some four million tons of grain
(mostly corn, but including wheat and
sorghum) were imported for the 1974—
1975 consumption year. This large vol-
ume of imports was needed in part be-
cause of the vagaries of the weather
and the almost complete exhaustion of
reserves. An increase in prices on the
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world market raised the costs of these
imports by 103 percent over previous
years. At the same time prices on Mexi-
can export products increased by only
20 percent. In view of this situation the
Mexican government is again making a
strong effort to accelerate the produc-
tion of basic food crops, even at the ex-
pense of export crops. Imports for the
1975-1976 consumption year are calcu-
lated to be about 1.7 million tons, again
mostly corn.

Price manipulations are a powerful
tool for increasing or limiting the pro-
duction of certain crops in Mexico. In
order to stimulate the production of ba-
sic food crops and to promote self-suffi-
ciency, guaranteed prices were sharply
increased in 1974. This policy repre-
sents a striking change from the period
between 1968 and 1972, when average
prices increased at an annual rate of
only 3 percent. Guaranteed prices for
corn, wheat and sorghum were further
increased in 1975.

Although most farmers do not receive
the government-guaranteed prices, the
prices they do receive are influenced by
them and have risen sharply. The costs
of inputs have also greatly increased but
not nearly as much as the market price
of the grain. The cost of fertilizer, one of
the main ingredients in the recommend-
ed package of practices, has increased
only 12 percent. Today the ratio of input
costs to product price in the basic food
crops is extremely favorable. At current
prices it takes only three kilograms of
cornor wheat to pay for one kilogram of
nitrogen. Each kilogram of nitrogen ap-
plied, costing about four and a half pe-
sos, will conservatively yield an average
of 10 kilograms of grain worth 15 pesos.
Under irrigation or in rain-fed areas
where rainfall is well distributed a kilo-
gram of nitrogen will produce up to 30
kilograms of grain. Food-crop produc-
tion today can be very profitable, even
with significant increases in the costs of
labor, fuel, agricultural machinery and
transportation.

The consumption of fertilizer in Mex-
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ico grew at the rate of 12 percent per
year in the 1960’s. During that decade
the use of nitrogen more than tripled:
from 118,000 tons in 1960 to 380,000
tons in 1970. Similarly, the use of phos-
phorus (in the form of phosphates) grew
from 43,000 tons in 1960 to 115,000
tons in 1970—an increase of 270 per-
cent. This sharp upward trend has con-
tinued: in 1974, 551,000 tons of nitro-
gen and 183,000 tons of phosphorus
were used. Since Mexico is self-suffi-
cient in petroleum, most of the nitrogen
is now locally produced.

Crop research played a significant role
in the rapid acceleration of grain
production in the first phase of the Mex-
ican agricultural revolution. Nicolas
Ardito Barletti, a Panamanian, attempt-
ed to place a value on the social benefit
from research and its applications dur-
ing the boom years. According to his
estimate, the investment made in all re-
search from 1945 on was paying divi-
dends by 1965 at the rate of 300 percent
per year. Investments in wheat research
alone paid dividends at the rate of 700
percent per year. Although these high

- returns were in part due to the fact that

the agricultural conditions subject to
improvement in 1945, when it all start-
ed, were primitive even in the more dy-
namic sector, it is clear that research
played a key role in triggering the re-
turns.

Responsibility for agricultural re-
search today rests with the National In-
stitute of Agricultural Research, created
in 1960. The institute, with its headquar-
ters at Chapingo, now operates eight
regional research stations located in dif-
ferent parts of the country. All the sta-
tions are well equipped physically, but
unfortunately, with the supply and de-
mand of basic food crops in balance and
with the surplus problems in the 1960’s,
the pressure was off and many of the
stations began to become less active.
Owing to low salaries and the lack of
career opportunities, Mexico’s most
competent agricultural research work-

ers began to become widely dispersed in
administrative positions and other more
remunerative activities and were re-
placed by younger and less experienced
people. With the leaders gone, these
young workers, although highly capa-
ble, were handicapped by the lack of the
guidance and leadership formerly sup-
plied by the more experienced research-
ers. As a result research has in many
areas tended to become stagnant (except
in the case of wheat research, which is
supported in large part by the Interna-
tional Maize and Wheat Improvement
Center). The lack of a dynamic on-farm
research program and the lack of an ad-
equate farmer-education system have
been the primary factors in preventing
the spread of modern technology to a
greater number of farmers.

In recent years technical education
has been expanded. Mexico now has
seven agricultural schools at the under-
graduate level, two of which are giving
graduate training leading to an M.S. de-
gree. In 1974, 188 students were award-
ed advanced degrees in botany, ento-
mology, plant pathology, genetics, soil
improvement, irrigation, agricultural
economics and rural development. This
is a good beginning, but many more peo-
ple with a fundamental knowledge of
the basic sciences and rural-develop-
ment skills will be needed.

Inanattempt to stimulate agricultural
production, allocations of public funds
to the agricultural sector have increased
more than 700 percent in Mexico since
1970. In terms of 1970 dollars this rep-
resents an increase from $443 million in
1970 to $3.2 billion in 1975; in terms of
total government expenditures it repre-
sents an increase from 7.6 percent to
20.1 percent.

Of these increases the Ministry of Hy-
draulic Resources received $568 mil-
lion, or about 18 percent, three-fourths
of which was to be spent on expanding
irrigation works. Budgets for research
and for promoting a more rapid adop-
tion of research results were also sub-
stantially increased. A separate agency
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IRRIGATED CROPLAND generates more than half of the total
commercial output of Mexico’s farms, measured in dollars (lower
bar), even though the area under irrigation comprises only about 30
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percent of the total cropland, measured in hectares (upper bar). The
irrigated regions, in addition to their superior productivity, can yield
a wider range of crops on the basis of multiple-cropping systems.
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A BASIC PROBLEM confronting agricultural planners in Mexico
is that the distribution of the population (map at top) does not coin-
cide with the distribution of the water resources (map at bottom).
Thus most of the people (and most of the farms) are concentrated in
the drier areas of the country, particularly in the central highlands,
which have more than half of the population but only about 10 per-
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cent of the water resources. In contrast, approximately 40 percent of
the country’s available water supply is in the humid southeastern re-
gion, where only about 8 percent of the people live. The two maps on
this page are based on data obtained by the Mexican Ministry of Hy-
draulic Resources; for comparative statistical purposes the coun-
try is divided on both of the maps into 13 major hydrologic regions.
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for agricultural extension was organized
in 1970 and since then has grown in bud-
get and personnel at an annual rate of 49
percent. In 1970 technical assistance
was provided for 604,000 hectares of
farmland. By 1974 that figure had risen
to 2.9 million hectares. The number of
technical-assistance agents increased at
an annual rate of 42 percent to a total of
3,352 in 1975. So far the payoff from
these increased investments in technical
assistance has been disappointing, how-
ever, owing largely to the lack of skilled
personnel.

he foregoing analysis of the current

state of agriculture in Mexico will
have set in the foreground a number of
facts bearing on the further acceleration
of food production in Mexico. First,
there is the dual nature of Mexico’s agri-
culture: on the one hand a small, pro-
gressive modern sector providing the
major portion of the commercial ag-
ricultural products and on the other
a large, comparatively unproductive
semicommercial and subsistence farm-
ing sector concerned primarily with pro-
viding enough food for the farmers and
their families to eat. Second, there is the
problem of the limited and irregular
supply of water for crop production in
the principal agricultural areas. Third,
on the positive side, there is the strenu-
ous effort on the part of government offi-
cials to stimulate a new surge in food
production.

The job ahead is a formidable one. If
grain production is to be brought into
balance with demand, the annual rate of
increase during the next decade must be
about 5 percent. Although the modern
sector, with more than 70 percent of the
present irrigation facilities, can produce
still more through more intensive crop-
ping systems and a more efficient use
of seasonal rains and irrigation water,
the greatest immediate potential for in-
creasing food production is in the large
traditional farming sector in areas with
a high annual rainfall. This sector at
present is producing only a fraction of
what it could with the widespread ap-
plication of modern technology.

In spite of the fact that more beans,
rice and sorghum will also be needed,
the major concern continues to be corn;
the degree to which Mexico will main-
tain its self-sufficiency in food produc-
tion will depend primarily on the rate at
which the production of this crop is in-
creased. According to the best estimates
that can be made from the available sta-
tistics, the area annually planted to corn
today varies between six and eight mil-
lion hectares. Of this area roughly
620,000 hectares, or about 10 percent,
is grown under irrigation or with some
supplemental irrigation. The rest is
planted under rain-fed conditions, most-
ly by the semicommercial farmers.

On the basis of estimates made by the
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National Institute of Agricultural Re-
search one can compare the amount of
corn currently being raised on deep and
shallow soils in five different rainfall re-
gimes with what could be produced in
each of these regimes with the aid of
modern technology [see illustration on
pages 146 and 147]. From such studies it
appears that the application of the tech-
nological package in its present form is
not economically feasible in regimes
with an annual rainfall of less than 700
millimeters and a drought probability of
more than 35 percent. The main poten-
tial for increased corn production,
therefore, is limited to the more humid
areas.

It is evident from such data that the
present annual production of 6,739,000
tons of corn in the areas of higher rain-
fall could be increased to more than 25
million tons—almost quadrupled—with
the more complete exploitation of avail-

able technology. This possibility is ex-
citing, and if it is realized, it could not
only keep Mexico self-sufficient in corn
for the next two decades but also pro-
vide a substantial increase in income for
a large proportion of the semicommer-
cial and subsistence farmers. In these
areas, at the present cost/price ratio,
farmers can expect a return of 100 per-
cent on investments in fertilizer in good
years. It is possible that the present tech-
nological package, with certain modifi-
cations, could even be extended to some
of the areas of less rainfall and thus
further increase the projected potential
for corn.

The substantial increase in the num-
ber of hectares in the projections for the
more humid areas is based on the as-
sumption that the present custom of
periodically abandoning good cropland
for fertility restoration will completely
disappear with the widespread applica-
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DIMENSIONS OF THE TASK AHEAD if Mexico is to avoid large imports of food in the
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present rate of population growth continues. According to the author, the country has enough
cropland and water resources to meet its own food requirements for the next three decades.
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PLANETARY
CROP-
WATCHER

WITH 20/20
VISION

Forecasting crop yields is still
more of an art than a science. No
electronic system, however sophis-
ticated, can yet match a farmer’s
feel for how his crops are doing.
But individual assessments like
“pretty good” or “we’ll have a
bumper crop if the weather holds”
can’t be used effectively for world-
wide or even regional forecasts.
They don’t fit into a computer, and
they take too long to compile and analyze.

What’s needed is millions of precise,

numerical estimates of crop status flowing
steadily into the computer on an acre-by-acre basis.
This calls for a satellite-borne system which provides a truly
synoptic view of the earth’s arable areas. NASA’s Landsat,
in orbit since 1972, has been providing this kind of data.
NASA is now preparing to provide a much improved capa-
bility to the world’s users of Landsat data.

This next generation Landsat sensor system, called Thematic
Mapper, is now in the study phase. This new system will
provide improved spatial and spectral resolution over the
present system. It will be able to discriminate more effec-
tively between different crops, stages of growth, and sick
and healthy vegetation. Besides crop watching, it will be
able to survey forest resources, detect changes in land use,
monitor rangelands for better livestock management, and
help in watershed and water use management.

PERKIN ELMER

THEMATIC MAPPE A

Thematic Mapper scheduled to fly in
1980 aboard Landsat-D spacecraft will
be in sun-synchronous orbit at 705 km
altitude, scanning a swath 185 km wide
and covering all inhabited areas of

the earth.

Some additional growth capabili-
ties will be built into the Thematic
mapper design under study by TRW
Systems and Perkin-Elmer. Be-
cause of its unique rotary scanning
W system, the scan is unidirectional and

the sensor output is inherently linear.
This means simplified data processing on
the ground, faster status reporting, and thus
an overall reduction in system operating costs.

Simplified ground data processing is particularly impor-
tant. It means that low-cost ground stations can be set up
around the world. They’ll be able to take data on local crop
conditions directly from the satellite as it passes overhead;
no need. to go through a central receiving station. Such
reports will become even more valuable when they can be
coordinated with long-range weather forecasts.

The Thematic Mapper is one of many ways that TRW is
working to improve space technology as a tool to give us a
better understanding of our earth and man’s impact on it.

TRW is a worldwide leader in electronics, defense, &
energy systems and in computer-related technology for in-
formation management & systems control.

TRW

DEFENSE AND SPACE SYSTEMS GROUP

Attention: Marketing Communications, E2/9043, One Space Park, Redondo Beach, California 90278
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tion of chemical fertilizer. Since beans
are generally planted in association with
corn, it is possible that the additional
supplies of this crop needed by 1995
could also be produced in the higher-
rainfall areas with the aid of improved
technology.

In the realization of this enormous po-

tential many obstacles must be over-
come. More practical on-farm research
will be needed to determine the precise
fertilizer requirements and agronomic
practices most economic for each of the
different ecological situations in which
corn and beans can be efficiently grown.
This task must be combined with studies
in the fields of agricultural economics
and the social sciences in order to better
understand the problems and motiva-
tions of the traditional farmer. Further-
more, new strategies for gaining rapid
adoption of new production technology
by large numbers of poorly motivated
semicommercial and subsistence farm-
ers will need to be worked out for each
community. Conventional systems that
have been so effective in the diffusion of
modern technology among the more so-
phisticated farmers are of little value in
the more conservative semicommercial
and subsistence sectors.

These farmers will need more direct
assistance in the commercialization of
their operations. Their motivations and
problems must be more clearly under-
stood. Their fear of change must be alle-
viated. New incentives for change must
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POTENTIAL for increased corn production
in Mexico is represented by the colored in-
crements associated with each bar in this
chart, which compares the amount of corn
currently being raised on deep and shallow



be created and encouraged. More ade-
quate systems of facilitating credit will
need to be developed. Many problems
in the distribution of material inputs
must be solved, and better marketing
and storage facilities must be provided.

It is not likely that the obstacles will
be overcome without the development
of a new cadre of well-supported, pro-
duction-minded,  rural-improvement
agents who understand the problems to
be solved and are experienced in the
strategies to be followed. Such agents
will have to be willing to work at close
range with the small farmer in increas-
ing his production and income and in
helping him to create a better life for
himself and his family where he is, so
that he is not obliged to seek new oppor-
tunities in the already overcrowded cit-
ies. Once the new agents are at work in
the field and a strong desire to produce
more and live better is instilled in the
traditional farming sector, the demand
for credit, material, inputs and better fa-
cilities for marketing and storage will
soon iron out the many difficulties now
encountered in the efficient provision of
these things.

Thanks to the vision of a small group
of workers in the graduate school at
Chapingo and in the nearby Internation-
al Maize and Wheat Improvement Cen-
ter, a pilot program for the develop-
ment, testing and application of strate-
gies for accelerating the production of
corn and the socioeconomic progress of
the semicommercial and subsistence

a

g

farmer was established in a rain-fed area
in the state of Puebla in 1967. This high-
ly successful project has clearly identi-
fied the many problems and constraints
facing the local farmer and has demon-
strated a number of effective strate-
gies for their solution. The success of
this research project will undoubtedly
be an important factor in accelerating
the large rural-development investment
program recently initiated by the gov-
ernment of Mexico.

The Puebla project has demonstrated
that small farmers operating under rain-
fed conditions can profitably exploit
modern technology. Even when the
more productive techniques are success-
fully demonstrated, however, the risk of
losses from drought, hail, unseasonal
frosts and floods appears to be a major
constraint in their widespread adoption.
To compensate small farmers for such
losses the government has provided an
effective insurance program, the cover-
age of which was increased from 1.9
million hectares in 1973 to 2.6 million in
1974, a gain of 36 percent in one year.

The further development of supple-
mental irrigation in the form of tube
wells, another solution being investigat-
ed by the Ministry of Hydraulic Re-
sources, would have an even greater ef-
fect in promoting the quicker adoption
of the new technology under rain-fed
conditions. The potential gains from
this approach seem to be much greater
than those from the development of ad-
ditional full-scale irrigation projects.

Where supplemental irrigation is feasi-
ble the risks of low yields or crop failure
due to drought could be eliminated. In
such areas supplemental irrigation not
only would ensure the farmer a substan-
tial return on his investment in fertilizer,
good seed, insecticides and additional
labor but also would add a substantial
quantity of grain to the national bread-
basket. With the diffusion of modern
technology in the Puebla project the de-
mand for tube wells has greatly in-
creased, and many new communally op-
erated wells have been established.
Supplemental irrigation would re-
move many of the risks of dry years in
the more humid areas. Moreover, it
could extend modern production tech-
niques into certain areas with less rain-
fall. Unless this can be done it is not
likely that the nearly three million hec-
tares now being planted annually to
corn in the marginal low-rainfall areas
will contribute much to increasing the
commercial production of this crop, at
least in the near future. There are those
who maintain that this vast area might
gradually be freed for the production of
other crops such as sorghum, millet and
pasture for livestock, which are general-
ly considered to be more efficient under
low and erratic rainfall conditions. The
fact remains that corn is the main sub-
sistence crop for the people living in
these areas, and they are not likely to
substitute anything else for the corn in
their diet. Although the present package
of technology is not economically feasi-
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agricultural practices would be economically feasible for farmers in
areas with an annual rainfall of more than 700 millimeters and a
drought probability of less than 35 percent; this threshold is indicat-
ed by broken colored line across middle of chart. Corn production
could in that case be roughly tripled, to more than 27 million tons.
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ble for them, new packages based on the
planting of improved high-yielding, ear-
ly-maturing, drought-tolerant varieties
of corn, in combination with small
quantities of chemical fertilizer and
moisture-preserving techniques, could
be developed; such techniques might be
highly profitable over a period of, say,
10 years. This possibility is practically
untouched by research workers today.

Concurrently with special efforts at
increasing corn production under
rain-fed conditions, research on ways of
making the full-scale irrigation projects
still more productive must be intensi-
fied. In frost-free areas it should be pos-
sible to grow three or four crops annual-
ly where only two are now being grown.
In areas susceptible to frost wheat is an
excellent crop for winter production. At
present wheat yields average about
3,600 kilograms per hectare. Yields
could be readily increased to 6,000 or
7,000 kilograms. Some farmers are al-
ready producing 6,000 kilograms per
hectare, and at the experimental stations
yields as high as 10,000 kilograms are
being obtained with the new varieties.

Studies are now being made to evalu-
ate the construction of water-control
systems for the very rainy tropical low-
land areas of southeastern Mexico.
With the proper preparation 150,000
hectares of new land could be brought
into year-round crop production almost
immediately. During the next decade
three million additional hectares could
be added. Although this effort would be
very costly, it would open up tremen-
dous new food-production possibilities.
Rice production, for example, could be
shifted from the dry irrigated Pacific
coastal plains to the humid Gulf coast
lowlands. Similarly, sugarcane, which is
also adapted to humid conditions, could
be shifted from the Pacific northwest to
the southeast, thereby freeing thousands
of hectares for the labor-intensive pro-
duction of food crops more easily han-
dled in dry climates. With water control
corn would also be an excellent crop in
the southeast during the rainy season.

To make this possibility a reality
would require extensive research in
cropping systems and soil management.
Under high rainfall conditions good
land, once its natural vegetation is re-
moved, loses its productivity rapidly
without special cropping and manage-
ment systems. In exploring this possibil-
ity the experiences of the International
Institute of Tropical Agriculture in the
rain forests of Nigeria and those of trop-
ical research institutes in other areas
would be very helpful to Mexico’s agri-
cultural research workers.

At the present rate of population
growth Mexico will need to increase
its basic grain production from 16 mil-
lion tons per year to 37 million by 1995
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ing, flexibility, and operating ease. Unprecedented “Total Per-
formance” for viewing, telephotography, terrestrial use, scientific
applications...plus total “one-hand” portability. @ AC, DC and
manual drives of superb quality—variable, not just solar—are in-
cluded without extra cost. @ Extremely easy to transport, set up,
and operate —designed from the outsetfor versatility. @ The price
includes AC/DC Drive Corrector (Dynatracker Unit), Setting Cir-
cles, 8x50 Finderscope, 3 Hi-Acuity Eyepieces, Star Diagonal, Lati-
tude Adjuster, Photo and Telextender Adaptors, and Fitted Carrying
Case—readyfor “Total Performance.”

Complete, ready to use, with ;ll features
and accessories as described 00
F.O.B. Hartford, Conn. 875
Express charges collect.

RV-6 Dynascope®
6 Inch Reflector

Both a superb instrument and a
superb value, this brilliantly /
engineered and crafted /4 B
Dynascope has won wide use I
and praise from amateurs and —
professionals by the thou- |
sands, and hundreds of ! |4
schools and colleges. Com-
pare its features and complete-
ness, then consider its
earned reputation for
tremendous breathtaking
performance, under the
widest conditions of use.
You can have a thor-
oughly professional
instrument for an
astonishingly low
investment.
BExquisite Optical System. Includes f/8 6" parabolic mirror of Pyrex
brang glass, zircon-quartz coated, accurate to better than V8 wave,
guaranteed to reach theoretical limits of resolution and definition.
B Dyn-O-Matic Electric Drive. Smooth self-acting clutch engages, dis-
engages automatically. Plugsinto regular AC socket. Permits manual
operation. M Two Eyepieces. Others available at modest cost. B Solid
Equatorial Mount. Pillarlike stability. Adjusts easily to any latitude.
B Setting Circles. For both right ascension and declination. Hand-
somely engraved. @Rotating Tube. Maximum versatility, viewing com-
fort, and rigidity. Quick disassembly, easy portability. @ Rack-And-
Pinion Eyepiece Holder. Brass, smooth working. @ Handsomely
Finished in every detail. Rugged, durable.

With all features as described
F.OB. Hartford, Conn. Shipping wt. 77 Ibs. $22995
Express charges collect. $15 crating charge.

Criterion has built a world-wide reputation for rugged, easy to
use, precision instruments of superb optical quality. Our files bulge
with unsolicited testimonial letters from those who have put our
telescopes to the most exacting professional, teaching and field use.
In terms of optics, mechanical design, craftsmanship, durability
and performance. Criterion instruments have come to represent
today’s standard of excellence —as users everywhere will attest.
Our values reflect 25 years of leadership in applying advanced
design and production engineering techniques to telescope
manufacturing. To fully appreciate them, be certain to compare all
features and accessories included in the price —the difference can
amount to hundreds of dollars. We sell only by order from our plant
—vyou deal with us directly.

Whether you are buying your first fine instrument, or have
years of experience, you will take lasting pleasure in Criterion
excellence. Every Ciriterion telescope is unconditionally guaranteed
to be of unsurpassed optical quality and to give complete satisfaction.
That has been our standing guarantee for a generation and more.

Criterion Manufacturing Company
620 Oakwood Avenue,West Hartford, Conn. 06110

Phone: (203) 247-1696
® TM Registered U.S. Patent Office © Copyright 1976 Criterion Mfg Co

r—-—————=—=—=——=77"7

Criterion Manufacturing Company, Dept. SA-10

I 620 Oakwood Ave., W. Hartford, Conn. 06110 I
I [ Please send me, under your unconditional guarantee I
O RV-6 Dynascope, at %229.95 + $15 crating charge
I 0O Dynamax 8 at $875 I
Mycheckfor$____ isenclosed.
I O Please send literature on I
O Dynamax 8 0 RV-6 Dynascope
' Name = I
I Address
City State Zip
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.‘ Altair, from Mits, is the nurnbe
home, business, persohis
Because the Altair was first, it has s@Lik
More Altair 8800's are now operatlonal than all other

Whether you buy a $395 complete co
system for'under $10,000; Mits will provi
lasting support. Satisfied Altair users include schools, corporations,
small businesses, students, engi
Altair hardware includes three microcom
8800b, and 680b. Mits has a complet

compatible memory and interface options, |
16K Static board and Altair multi-port serial and parallel I/0 boards.
Also available is a complete line of Altalr p-np:hurrm. including line

%\ Altair software is by far the mo
mlcrocomputer Our Extended BA
y rece;veq industry wide agcla

e in microcomputers for
d industrial applications.
e standard in the industry.

Omputers combined.

Mpute kit or a multi-disk
de, foif with thorough and

ers, and hobbyists.
he Altair 8800a,
n of Altair plug-
g the new Altair

printers, CRT

for programming power and
are available at many Altair
Computer Centers**

The Altair co:nputer lsa nyolutlonT low cost computing. Shouldn't
you write for more information including our free, color catalogue.

*The Altair 680b turnkoy model
"'Retau Altair

p d in many large cities.

4 ogmcr@@

MITS, Inc. 2450 Alamo S.E./Albuquerque, New Mexico 87106

/

Hewiett Packard
HP 25 ....124.50
HP 65 ....650.00

HP 2' 00000000 ‘90‘0
HP 22 .......139.50
HP 25C ...184.50
| HP27.......173.50
HP 45 .......169.50

Back To Schoob A\
CALCUILA

HP 55 0000000028‘.50
HP 80 .......259.50
New’ HP ’I LIITTTTTYTTITY 449050

Texas Instruments
SR 52 ..... 224.50 |

T1 PC 100
printer ...227.50

I SR 50A ....... 49.50

SR 5|A ooooonno"oso
SR 56 ..........88-50
SR 10 ccceecceee 24.95

T1 5050M printer
with memory ..c...99.50

Speed your order to us TOLL FREE!
Call 1 (800) 223-5830

or send postage & handling to

345 Seventh Avenue, NYC, NY 10001
NY, Ala., Haw., call (212) 868-1420
Master Charge Accepted
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Sail atall ship
toasmall
island.

Saba. Carriacou. Nevis. Grenadines.
Bligh's breadfruit isle.
Stevenson'’s Treasure Island.
They are all here in the Caribbean
waiting to be discovered again.
Along with unforgettable beaches,
forgotten forts, hushed volcanoes and
== picturesque little villages.
Comewithusona
‘barefoot’ adventure,
6 or 14 days, from $290.
\ To remote islands.
\ schooners
\~ once belonging
' to Onassis,
Vanderbilt,
™ theDuke
of West-
minster

- - S .
Send my free full-color ‘Great Adventure’ Booklet.
Cag'n Mike, Windjammer ‘Barefoot’ Cruises
PO. Box 120, Dept. 187, Miami Beach, Florida 33139

Name

Address

City/State /Zip

@ WindjammesrBarefoot CGruirer
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if large imports are to be avoided. Gov-
ernment officials have a strong de-
sire to do so, and the country has enough
cropland and water resources that could
be more efficiently exploited in making
this goal a reality. Thus Mexico is in an
excellent position to meet its own food
requirements for the next three decades.
The development of this potential not
only will greatly increase Mexico’s food
supplies but also could provide many
new opportunities for more remunera-
tive employment of people who are cur-
rently underemployed.

Many of the essentials for Mexico's
second agricultural revolution are
in place. All the key positions in the
Ministry of Agriculture are filled with
capable, enthusiastic officials who
gained considerable practical experi-
ence in the field during the earlier boom
period. All are academically well
trained in the basic agricultural sci-
ences. Many other experienced, well-
trained workers who participated in the
first production revolution are now
teaching in the graduate school at Cha-
pingo and in some of the other leading
agricultural schools throughout the
country. So far government officials
have substantially increased national
fertilizer production capacities; they
have established pricing policies ex-
tremely favorable to the application of
modern production techniques, and
they have sharply increased the funds
available for general agricultural devel-
opment.

Increasing the production of the tradi-
tional sector under rain-fed conditions
will be much more difficult than increas-
ing the production of the modern sector
during the boom years. To accomplish
this task will require (1) a more precise
definition of highly profitable techno-
logical production techniques for each
of the many different ecological regions;
(2) more effective strategies for gaining
widespread adoption of the techniques;
(3) a large, experienced multidisciplin-
ary team of experts who are willing to
work in close association with the farm-
ers, teaching them and encouraging
them to new levels of productivity.

If the modern sector is to double its
production in the next two decades,
more intensive cropping patterns will
have to be developed and yields of all
crops will have to be increased. All
of this will require more sophisticated
research. Production increases in the
southeast will not come merely through
water control. Agricultural scientists
must learn how to make the new crop-
lands increasingly more productive in
spite of torrential rains and hurricane
winds. They must then teach the new
techniques to the farmers on whom the
increases in food production will in the
final analysis depend.



The
hungry
ow

ungrier

The spectre of famine is
increasingly our daily
companion in the world.

And fortunately, there
is an alarmed worldwide
awareness of the need
for positive programs to
increase food production.

Almost everyone has
a different answer. But
regardless of points of view,
onethingis clear. The
solution must come through
the actions of many. Action,
not apathy.

Our contribution is a
renewed dedication to do
what we do best. To continue
towork on a world-wide
basis to improve agricultural
equipment technology.

To improve machine
productivity and reliability.

We know the challenge
must be met. There are no
reasonable alternatives.
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Hewlett-Packard announces two powerful breakthroughs in
fully programmable portable calculators.

Two important breakthroughs distin-
guish Hewlett-Packard’s newest
personal-sized calculators.

Breakthrough Number One:
Power.

The HP-67 and HP-97 are the most
powerful personal calculators Hewlett-
Packard’s ever built. Both can handle
programs up to 224 steps. But there’sa
lot more to program capacity than just
the number of steps available.

Example: All prefix functions and
operations are merged —conserving steps
—allowing you to store two or three key-
strokes as a single program instruction.

Also, for the first time everina
battery-powered calculator, you can
directlyrecord the contents of all 26 data
storage registers on a separate magnetic
card for easy reloading later. The result:
Anothersubstantial saving in program
steps since constants and other
numerical data don’t have to be in-
corporated in your program.

And while we're still on the subject
of power, here are a few more of the pro-
gramming features built into the re-
markable HP-67 and HP-97:

3 Levels of Subroutines
10 User Definable Functions
10 Conditional/Decision Functions
4 Flags
3 Types of Addressing
Label Addressing
Relative Addressing
Indirect Addressing
But there’s more to the HP-67 and

HP-97 than raw power. There’s ease of use.

Breakthrough Number Two:
Ease of Use.

With the HP-67 and HP-97, a
“smart” card reader automatically
records the display mode, angular mode
setting and flag status separately from
your program so you never have to
waste program steps for these “house-
keeping” chores. What's more, it also
prompts you—via a “Crd” display—
when there’s additional information on
the card that must be loaded into the
machine. Moreover, it’s virtually impos-
sible to improperly load programs or
data from the cards.

In addition, the “smart” card
reader enables you to automatically ex-
pand the capacity of either calculator
beyond 224 steps. Here’'s how: At the
appropriate point in your program —
and under program control —the card

More than three times the
program capacity of the HP-65.

Hewlett-Packard analyzed 34
comparable Application Pac pro-
grams for both the new HP-67/97
and the industry’s classic program-
mable, the HP-657F These programs
included a broad spectrum of
disciplines: Electrical engineering,
mathematics, statistics, and finance.

The results of this analysis indi-
cate that the HP-67/97 offer over
three times the program capacity
(actually 3.4 times) and yet they have
only twice as many program steps
(224 vs 100). This is because the HP-
67/97 are more efficient—in every
case the HP-67/97 required fewer
program steps to accomplish the same
task (the overall ratiowas 1:1.5).

Asyoucan see, you can’t judge
a calculator’s programming power
solely by the number of program
steps available —you must also
evaluate program efficiency, that is,
howmany program stepsit takes to
solve a problem.

FComplete details available upon request

reader can automatically turn on and
read another card. This new card can be
used to load either selected portions of

program memoryorselected data registers.

For ease of editing, the line number
and all keycodes of every instruction are
displayed. You can insert, delete or
change functions at any point in your
program. And, you can check or execute
your programs step-by-step in order to
locate programming errors.

Still another reason the HP-67 and
HP-97 are so easy to use: RPN logic and
four-register automatic-memory-stack.
This means you can forget about paren-
thesis keys and tackle complicated
programs with confidence.

Your Choice of Models. Pick the
One That Suits You Best.
The HP-67 and HP-97 are identical
in both versatility and capability. All
programs written and recorded on the

HP-67 can be loaded and run on the
HP-97 (and vice-versa).

The HP-67 gives you shirt-pocket
portability. The battery-powered HP-97
gives you attaché-case compactness plus
a quiet, built-in thermal printer.

Programming, debugging and
editing are so much faster and easier
with a printer, you'll wonder how you

© 1976 SCIENTIFIC AMERICAN, INC

ever got along without one. The printer
provides hard copy not only of routine
calculations but also of programs, listed
by stepnumber, key mnemonic and key-
code. Or you can TRACE a running
program and have the stepnumber,
function, and result printed for each
step as it is executed. And you can also
list the contents of the automatic
memory stack or the contents of the
data storage registers. With a clear
record of your programs or data, you
don't have to remember what you've
done and what remains to be done.

An Unparalleled Program of

Product/Owner Support.

With either the $450* HP-67 or the
$750* HP-97 you get all of the following:
A detailed Owner’s Handbook and
Programming Guide, Standard
Application Pac (with 15 programs of
broad appeal), and a free one-year sub-
scription to a Newsletter that provides
programming assistance and keeps you
informed about new Application Pacs.

Optional Application Pacs of up to
24 prerecorded programs are available
in a variety of disciplines such as statis-
tics, mathematics, finance, electrical
engineering, surveying, mechanical
engineering, and medicine. In addition,
Hewlett-Packard maintains a User’s
Library** of programs contributed by
owners.

If you would like additional infor-
mation about the HP-67 or HP-97—
including the name of a nearby dealer,
simply call 800-538-7922 (in Calif.
800-662-9862) toll-free, or send in the
coupon.

HEWLETT @ PACKARD

Sales and service from 172 offices in 65 countries.
Dept.2 36A,19310 Pruneridge Avenue, Cupertino, CA. 95014.

Hewlett-Packard

Dept. 236 A

19310 Pruneridge Avenue
Cupertino, CA. 95014

|

|

|

|
Please send me complete detailson the |
HP-67 and HP-97, and the HP product [
|

|

|

|

|

|

catalog.

Name

Firm

Address

City.

State Zip.
e - _ _ _

*Suggested retail price, excluding applicable state and local
taxes — Continental U.S., Alaska and Hawaii.
616/26

**Available in U.S. and selected other countries.
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The Agriculture of India

The nation has done much better in feeding its great population than

most outsiders realize. Increasing farm output still more may force

hard choices among strategies of agricultural and industrial growth

( :ontrary to standard stereotypes,
India increased its production of
food grains approximately 2.8

percent per year from 1950 to the pres-
ent, a rate significantly higher than the
population growth rate of about 2.1 per-
cent for the same period. The result has
been a modest improvement in diets and
a substantial decline in death rates. That
is in sharp contrast to the last several
decades of the colonial period, prior to
1947, when food-grain production vir-
tually stagnated, with an insignificant
.11 percent per year growth rate, as pop-
ulation was growing at a rate of 1.5 per-
cent per year. In the last decades of colo-
nialism India’s capacity to feed itself de-
teriorated rapidly as a consequence of
an effort to provide the exportable sur-
pluses expected of a colony. The result
was not only a growing food and welfare
problem but also a legacy of poverty
and institutions inappropriate for devel-
opment. Both would impede growth for
decades.

Compared with China, the other huge
low-income country, India has achieved
a somewhat higher rate of increase in
food-grain production, albeit a rate of
increase from a substantially lower base
of average yields and lower proportion
of land area irrigated. Making precise
comparisons between the two coun-
tries is difficult, given differences in the
years when production was depressed
by weather or internal disturbances and
differences in reporting systems. Subject
to such complexities, the long-term
growth trend in Chinese grain produc-

by John W. Mellor

tion in the period since 1950 is estimated
at 2 percent per year, compared with the
2.8 percent for India.

India has a population of 600 million
(two-thirds that of China and nearly
three times that of the U.S.), is the
fourth-largest grain producer in the
world and has one of the largest poten-
tials of any nation for future increases in
grain production. Given India’s central
place in the world food situation, it is
crucial that close analysis of past trends,
of the nature of the future potentials and
of the essentials of appropriate invest-
ment and political policy be substituted
for the existing stereotypes of the Indi-
an food economy. The bases of these
stereotypes are four, and in themselves
they explain much of the nature of In-
dia’s food problems and food require-
ments.

First, India experiences substantial
year-to-year fluctuations in its
weather and in the past has had a ten-
dency to fill the resulting gaps in food
supplies by imports rather than by the
more costly domestic storage. Thus in
the postindependence period, although
there have been substantial year-to-year
fluctuations in grain imports, there has
been no upward or downward trend in
their relative importance. China’s rec-
ord in this respect has been surprisingly
similar, including the scale of the im-
ports and the emphasis on supplying the
major urban centers.

Second, India, unlike China, main-
tained its ties with the developed nations

FINE-GRAINED TEXTURE of landholdings typical of Indian agriculture is evident in this
false-color LANDSAT view of the state of West Bengal, where in the opinion of many agron-
omists agricultural productivity has been hampered by a system of petty landlords, each of

4.

Tland

whom typically owns about four h

es of cr P

which is in turn worked by three or

four tenant farmers and their families. The overall scale of this scene, recorded by LANDSAT
2 from an altitude of some 570 miles on March 29, 1975, is the same as that of the scenes of
American and Mexican agricultural patterns reproduced on pages 30, 106 and 128. Notwith-
standing the comparatively poor performance of the fertile eastern Gangetic Plain at present,
the region is richly endowed with groundwater and is considered to have a great potential for
agricultural growth. Light blue area at lower right is Calcutta, the capital of West Bengal. The
large river flowing through city is the Hooghly, the westernmost channel of the Ganges Delta.
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and therefore substantially employed
food-aid channels rather than commer-
cial ones for its imports, which tended
to overpublicize the periodic domestic
shortfalls. Third, and perhaps most im-
portant, since India did not have a mas-
sive sociopolitical revolution compara-
ble to China’s, it has a distribution of
income essentially the same as that of
the U.S. The result is that in a country as
poor on the average as postcolonial In-
dia is, there is a large proportion of peo-
ple who even in normal times do not
have enough income to get food through
market processes and who in times of
crop failure are subject to extreme stress
and even famine. The Indian system of
government, unlike the Chinese, is not
suited to acquiring sufficient control of
production through coercive measures
to alleviate such stress.

Fourth, agricultural development is
largely a process of institutional change
that is necessarily slow. The myth of In-
dia’s relatively poor food performance
impedes analysis of the extent to which
such changes are occurring and hence
analysis of the basis for future growth.
In addition there is a reduced rationale
for analysis of the extraordinarily rich
Indian experience in agricultural devel-
opment, from the Community Develop-
ment Program to the Intensive Agricul-
tural District Program and the Small
and Marginal Farmers Program. All
three not only offer important lessons
for the solution of the world food prob-
lem but also have led to an evolution of
mature domestic institutions servicing
the agricultural sector that is generally
not comprehended by the now less in-
volved Western advisers of developing
countries.

In a country such as India agriculture
is central to the economy. Nearly half of
the country’s gross national product is
generated in agriculture; more than half
of all consumer expenditures are for
food. In years of poor crops total con-
sumer expenditures consistently de-
cline, and there is an even greater de-
crease in industrial investment. It is now
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well established that people with low in-
comes will spend the bulk of any in-
creased income on food. The lesson is
clear: a strategy of growth that mobi-
lizes low-income people for production
purposes will give rise to a greater drain
on the food supply than would be the

case if they were left unemployed or
marginally employed.

On the other hand, a strategy that
stresses the growth of capital-intensive
heavy industry at the expense of agricul-
ture and the less capital-intensive con-
sumer goods combines a static farm out-

put with a slower increase in the demand
for food, since capital-intensive indus-
trialization yields its income benefits to
a smaller fraction of the population.
Thus agricultural policy involves much
more than a race between food and pop-

FOUR MAJOR FOOD GRAINS—rice, wheat, sorghum and mil-
let—are grown for the most part in distinct regions of India accord-
ing to climate, soil and custom. About 40 percent of the country’s to-
tal land area is utilized for agriculture, which provides nearly half of
the country’s gross national product. In contrast, only about 20 per-
cent of the land in the contiguous 48 states of the U.S. is devoted to
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ulation: it fundamentally determines

RICE
WHEAT

SORGHUM

4N

MILLET
WHEAT AND RICE

WHEAT AND SORGHUM

298|

1
1’
¥

WHEAT AND MILLET
MILLET AND SORGHUM
FOREST

SPARSE VEGETATION

Bl

growing crops. Yet the U.S., with a third of India’s population, has
nearly a third more cropland than India. India does, however, have
the potential of irrigating much of its farmland to obtain two crops a
year or even three. As the map suggests, the amount of land devoted
to growing millet and sorghum (together with minor grains) exceeds
the land planted to rice, which exceeds the land planted to wheat.
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who will and who will not participate
in a country’s economic growth. The
choice of a policy therefore involves a
host of considerations.

It was neither accident nor ignorance
that gave India a plan in the late 1950's
and early 1960’s that provided scant
participation of the poor, little emphasis
on agriculture and much emphasis on
the growth of heavy industry. In the
1950’s the essential ingredients of the
“green revolution” were just emerging
from agricultural research, and they of-
fered no assurance that a heavy invest-
ment in agriculture would pay off.

Even though India did not make a sin-
gle-minded commitment to the agricul-
tural sector in the 1950’s and 1960’s, it
had a generally fair record of growth,
with regional high and low points and a
good deal of experimentation. Perhaps
the most interesting experiment was the
massive Community Development Pro-
gram. Initiated in 1952 in 25,000 vil-
lages, and by 1961 covering 500,000 vil-
lages and 300 million people, that pro-
gram, with all its limitations, was among
the first anywhere to take those integrat-
ed approaches that are currently fash-
ionable among rural developers. The
green revolution achieved its greatest
success in the Punjab of northwestern
India, which showed faster agricultural
growth rates than Taiwan, often regard-
ed as the model of agricultural success.
(Taiwan and the Punjab have popula-
tions of nearly the same size.) Two other
regions of India, parts of Gujarat in
the west and Andhra in the south, also
achieved striking agricultural produc-
tion records in spite of having quite dif-
ferent cultural and institutional tradi-
tions. But India also includes Bihar,
which has land-tenure customs that dis-
courage increases in production, West
Bengal, which combines great agricul-
tural potential with low performance,
and Madhya Pradesh, which has large
areas with poor agricultural prospects.
It is clearly difficult to generalize about
the agriculture of a country whose re-
gions exhibit such diversity. At the same
time that diversity affords striking op-
portunities to make comparisons and
draw lessons.

he growth of India’s food-grain pro-

duction in the two and a half dec-
ades since 1950 can be divided into three
periods: a decade of accelerated growth
based on traditional technology (1950-
1960), a five-year period of transition
(1960-1965) and a period of increasing
dependence on new technology for rais-
ing production. The factors that ac-
counted for the radical acceleration in
grain production from the .11 percent
rate of the colonial period to the 2.8 per-
cent rate of the 1950’s are hard to identi-
fy with precision. The burst of growth
was clearly not due to investment in

modernization. To be sure, the use of
fertilizer grew at a high rate, but it did so
from an initial base that was close to
zero. New crop varieties probably did
little more than maintain yields in the
face of diseases such as wheat rust.
Moreover, there is scant evidence that
the newly organized Community De-
velopment Program had an immediate
impact on agricultural production.

Perhaps as much as a fifth of the pro-
duction increase was due to the expan-
sion of irrigation, some two-fifths to the
increased utilization of labor associated
with population growth and perhaps a
third simply to increasing the amount of
land under cultivation. The latter two
factors and even the first can be attribut-
ed in large measure to new energies re-
leased and new incentives provided by
national independence. An important
stimulus was the reforms that removed
the British system of collecting land tax-
es through a privileged group, whose
members had become virtual lords of
large estates.

India’s creditable record of food-
grain production in the 1950’s deterio-
rated in the early 1960’s (on a weather-
adjusted basis) to about 2 percent per
year at the same time that population
growth accelerated to nearly 2.5 percent
per year and per capita incomes were
rising at a higher rate than ever before.
The rise in incomes was spurred by an
industrial growth rate of almost 10 per-
cent per year. Thus in spite of the fact
that this was a brief period of increas-
ing food aid from the U.S., food-grain
prices rose faster than prices of other
commodities. Partly as a result there
was a slowing of industrial growth. This,
combined with the disastrous drought of
1965-1967 and a precipitous decline in
foreign aid, set the stage for a decade of
overall economic stagnation.

Even as the pace of grain production
was slackening, however, the prime
movers of growth in agricultural output
were shifting away from the forces asso-
ciated with the end of colonial domina-
tion toward those associated with new
technology. The bringing of new land
under cultivation became less signifi-
cant and the use of fertilizer became
more so: the latter accounted for nearly
40 percent of the increase in grain pro-
duction in the period 1961-1965, com-
pared with less than 10 percent of the
increase in the previous decade. Later
the adoption of new high-yielding vari-
eties of grain and new crop practices
would increase the capacity of India’s
farms to absorb still more fertilizer, giv-
ing promise of further growth in the
years ahead. Although the term green
revolution was not yet current in 1961-
1965, the institutional groundwork for
the revolution was laid in those years.
Before the green revolution had ar-
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rived, however, and almost as if to
dramatize its urgency, the drought of
1965 cut grain production by 19 per-
cent, or 17 million tons, canceling a
full decade of grain-production growth.
When the drought continued into the
next year, with grain reserves wiped out,
the hardship was immense, in spite of
U.S. shipments of grain equal to almost
15 percent of India’s diminished do-
mestic production. Only the country’s
impressive capacity for operating relief
programs averted a major disaster.

The influence of India’s weather not
only on Indian agriculture but also on
how outside observers perceive the
world food situation can hardly be exag-
gerated. In the years of good harvest in
India (1949-1950, 1954-1955, 1961-
1962, 1964-1965, 1970-1971 and 1975-
1976) the world food situation has
seemed bright and the talk has been of
surpluses. In the years of poor harvest
(1957-1958, 1965-1967 and 1972-
1973) the situation has looked grim
and the prophets of doom have been
ascendant.

The first harvest after the drought, the
harvest of 1968, showed a record-break-
ing gain in grain production of 28 per-
cent in one year. The green revolution
had arrived. Wheat production alone in-
creased by five million tons and was to
double over the next seven years, an av-
erage compound rate of growth of more
than 10 percent per year. By the mid-
1970’s well over half of the land planted
to “miracle” wheat varieties in the less
developed countries was within the bor-
ders of India.

In India, however, the tonnage of
wheat was then less than a third that of
rice, and the impact of new technology
was much less dramatic for rice than it
was for wheat. The highly heteroge-
neous conditions of rice production
make it much more difficult to breed
successful new varieties. Moreover, the
rice-growing regions of India have a less
developed structure of supporting insti-
tutions than the wheat-growing ones. As
aresult the rice regions have lagged sev-
eral years behind the wheat regions in
benefiting from new technology.

Nevertheless, total grain production
climbed at an average rate of 3.3 percent
per year between the closely compara-
ble and excellent weather years of 1964-
1965 and 1970-1971. Sixty percent of
the increase was attributable to the
complex of factors associated with the
intensified use of fertilizer. Because of
the nature and the location of the new
production the amount of grain reach-
ing urban markets in the period from
1964-1965 to 1970-1971 accelerated at
the impressive annual rate of 4.5 per-
cent. In the short run this additional
grain was used largely to displace im-
ports, a strategy encouraged by the un-
certain availability of U.S. supplies. In
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the long run the accelerated growth
had profound implications for both the
pace and the pattern of India’s eco-
nomic growth.

From 1971 to 1975 the growth of In-
dian grain production appeared to be
stagnant. A series of droughts in 1972

and 1973 was quickly followed by a
worldwide shortage of fertilizer caused
by a worldwide lack of adequate fertiliz-
er-production capacity and what can
only be described as gross mismanage-
ment of the worldwide fertilizer econo-
my, particularly given the basic role of

fertilizer in any effort to improve per-
manently the worldwide balance of
food and population. This latter phe-
nomenon hit hard exactly that aspect
of the modernization of agriculture in
which India’s food hopes were necessar-
ily being placed. The crop year 1975-
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1976, however, with its good weather
and the beginning of recovery in the
availability of fertilizer, saw production
jump to 116 million tons and food re-
serves increase by some 10 million tons.
Whether or not India maintains and ac-
celerates these agricultural growth rates
depends on many complex factors and
on the vigor with which new measures
are pushed by the government and are
accepted by the farmer.

One of the greatest problems that face
the farmer, the agricultural statisti-
cian and the development planner is de-
ciding whether or not a given change in
technology or strategy is paying off. A
change of a single percentage point in
the growth rate of grain production can
make an immense difference in the level
of the minimum diet for millions of peo-
ple and in determining the success of a
development strategy. But how can one
statistically detect a 1 percent change in
the underlying trend when production
has changed, as it has in India, by more
than 10 percent in each year of six years
of the past 25 and by more than 5 per-
cent in more than half of the 25 years?
Under such erratic conditions a judg-
ment of a change in a trend cannot be
based on standard statistical methods.
About the best one can do is to try to
match years of comparable weather and
to trust that any difference in production
can be attributed to policy and human
effort.

The uncertainty faced by the statisti-
cian is of course an even more seri-
ous problem for the individual farmer.
Judging whether an innovation will pay
off is difficult enough after the fact. To
judge the payoff before the fact is virtu-
ally impossible. Not only may the penal-
ty for error be large but also it may be
compounded by the random effects of
the weather. The risk is further height-
ened if the farmer has little experience
with recommendations from agricultur-
al experiment stations and if the farm
agent transmitting the advice is new at
the job.

For the planner the year-to-year fluc-
tuations in farm production are equally
troubling as he tries to decide what level
of foreign exchange to allocate for im-
ports or what provisions, if any, to make
for famine relief. Does he dare to in-
crease employment, and hence the de-
mand for food, by pushing an agricul-
ture-based strategy, knowing that it may
be politically irreversible? The reduc-
tion of the uncertainties that are the
bane of agriculture calls for an enor-
mous investment. The size of the invest-
ment may, in view of the magnitude of
the uncertainties related to weather
alone, dissuade the planner from fol-
lowing a strategy based on agriculture in
favor of another kind of strategy that is
stable but provides a slower growth in
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FOOD-GRAIN PRODUCTION IN INDIA has climbed, on the average, slightly faster than
the population ever since India achieved independence in 1947. Because Indian agriculture
depends heavily on the monsoon rains, however, there have been setbacks in years of deficient
rainfall, notably 1965-1967 and 1972-1973. The curve labeled “Adjusted food-grain produc-
tion” is a computed one that shows the production that could be expected from the known in-
puts of labor, fertilizer, seed varieties and so on, if weather conditions had been in the normal
range. “Food-grain marketings” is also a computed curve, representing the grain available for
sale in urban centers after allowance has been made for the grain consumed by the farm popu-
lation. India’s industrial growth since independence has been even more impressive than its
agricultural performance, as is shown by the index of industrial production. In the future, how-
ever, India will at least have to modify its strategy of industrial growth if it is to finance the
irrigation works and other costly facilities needed for its agriculture to develop adequately.

employment and incomes for the poor
and a correspondingly slow growth in
the demand for food.

Many people in developed countries
still do not understand that the de-
mand for food in developing countries is
not rigidly linked to the laws of human
biology. For countries such as India the
demand is in large part the product of
policies determining the choice of devel-
opment strategy and the rate of employ-
ment growth and hence the fraction of
the total income that is in the hands of
the poor. Out of additions to income the
laborers who constitute the bottom 20
percent on the income scale in India
spend 60 percent on grain and 85 per-
cent on agricultural commodities in gen-
eral. The people in the top 10 percent on
the income scale spend only 2 percent
of additions to income on grain. Thus
the effective demand for food depends
significantly on who is receiving more
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income. A high-employment strategy
must be backed by a successful agricul-
tural strategy.

The Indian election of 1971 is instruc-
tive on this point. In that year Mrs.
Gandhi won a massive victory on the
slogan of garibi hatao—abolish pov-
erty. It was a slogan at least potentially
appropriate to that year, when good
weather and the green revolution com-
bined for an extraordinarily large har-
vest. It proved not to be appropriate to
the reality of the next five years, when
the weather and external factors com-
bined to stagnate agriculture and when
the sharp decline in foreign assistance
was retarding the growth of other sec-
tors of the economy as well.

Thus there is a dilemma. On the one
hand a strategy of growth oriented
toward the reduction of poverty must, at
least for a country of India’s propor-
tions, be based on accelerated growth in
the agricultural sector. And that growth
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must be secured by countering fluctua-
tions in the weather by a massive invest-
ment in assured irrigation and by certain
access to foreign supplies of grain or the
domestic storage of grain (with the con-
sequent delay in the alleviation of pov-
erty as the grain stocks are being built
up). A strategy of poverty alleviation
itself implies a political commitment
and a restructuring of the political pow-
er base that cannot be reversed with a
change in the weather.

On the other hand, a commitment to
agriculture requires the allocation of re-
sources on such a large scale as to pre-
clude alternative strategies. India elect-
ed not to make a total commitment to
agriculture in the late 1950's and early
1960’s. Whether an agricultural strategy
is chosen now depends on how the po-
tential for success in agriculture is per-
ceived; on the extent to which the world
community chooses to assist in the real-
ization of the agricultural potential and
to provide guarantees against the vaga-
ries of the weather; on whether the In-
dian world view sees national integrity

and dignity as lying with alleviating pov-
erty or with strengthening the sinews of
heavy industry, and on the realities of
whether political power will be main-
tained on the basis of appeal to a coali-
tion of the highly organized upper-in-
come civil-service class and the wealthy
big-business interests or appeal to the
less organized but more numerous poor.
Hence the rate of growth in food pro-
duction is an interactive result of a basic
political decision and a choice of an
overall strategy of development. Only
after these decisions are made do the
details of agricultural production strate-
gy become relevant and operational.
The potential role of foreign assist-
ance and other external factors in the
choice of a development strategy is also
illuminated by the events of this period.
In 1965 foreign assistance represented
more than 20 percent of India’s gross
investment. By 1972 that aid had
dropped to zero in terms of actual net
resource transfers, with a consequent
sharp drop in real investment and in
government revenues. After 1972 the
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ESSENTIALS OF THE “GREEN REVOLUTION?” in India are inorganic fertilizers, irriga-
tion and new high-yielding varieties of grains. Indian agriculture has always depended heavily
on irrigation. Even in 1950 nearly one hectare in five planted to food grains was irrigated; to-
day one hectare in four is under irrigation. In the U.S. less than 5 percent of all farmland re-
quires irrigation. Between 1959 and 1974 use of inorganic fertilizer in India rose at a rate of
19 percent per year. India uses a seventh as much fertilizer per hectare of farmland as U.S.
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total of foreign assistance increased
again, but it increased by less than the
huge, price-induced rise in the bill for
imported food and oil. Thus just when
crops were poor, the resources to fi-
nance the importation of food and the
goods needed for development were
sharply reduced. Compounding the
problem, the grain stocks built in the
first flush of the green revolution were
wiped out by the temporary but heavy
impact of some 10 million refugees
from Bangladesh, of the enormous rise
in grain prices following the dramatic
move of the U.S.S.R. into world grain
markets in 1973 and of the drought in
1974. 1t is no wonder that Mrs. Gandhi
could not deliver on her promises and
has had to reexamine the basis of her
1971 political strategy.

ot only are agriculture and income

linked but also both are closely
bound to population growth. It is still
thought by many, particularly in devel-
oped countries, that the obvious way for
a country such as India to win the food-
population race is simply to reduce the
fertility rate of its people. It is now clear,
however, that the extent to which birth-
rates decline is a function of how broad-
ly the population participates in eco-
nomic and social benefits. And, for the
reasons I have outlined, that participa-
tion is a function of the extent to which
agricultural growth can be accelerated
to meet the food demands associated
with a growth in employment.

It is now well documented that in eco-
nomic systems providing broad partici-
pation, such as those in Taiwan, China,
Sri Lanka (formerly Ceylon) and the
state of Kerala in India birthrates may
decline sooner and at lower levels of av-
erage income than one would have pre-
dicted from the experience of Western
Europe and the U.S. Although family-
planning efforts deserve credit for an
important assist, there is little evidence
to support the view that such efforts,
even with subtle (and not so subtle)
forms of persuasion, can succeed alone.
Hence the paradox: more food produc-
tion now is necessary for the decline
in fertility that will reduce the pres-
sures to increase food production later.

Ater more than two decades of gradu-
al evolution in India and elsewhere
the broad outlines of a successful rural
strategy are clearly evident. What is less
clear are the details of implementation
and the probable quantitative successes
of the strategy.

One can say with some confidence
that India has the potential to accelerate
its agricultural growth to arate of 3.5 to
4 percent per year. Indeed, such esti-
mates actually leave a margin for error
and underfulfillment. To enumerate the
requisites for such growth is to illumi-



nate the risks and the underlying dilem-
ma. The requisites fall into four catego-
ries: massive investment in irrigation,
power and transportation; huge increas-
es in fertilizer supplies; effective organi-
zation of agricultural research, and
widespread improvement of institutions
for rural development (including the
difficult-to-orchestrate participation of
the small farmer). Regionally the key to
short-term success rests heavily in the
states that lie on the fertile plain in
the eastern downstream reaches of the
Ganges. These, however, are the states
with institutional foundations that are
less well developed for agricultural
growth than the average for the country.
Politically the key to success is a decen-
tralization of decision making, with all
the risks attendant on building new bas-
es of political power. The necessary
reallocation of resources will weaken
the political bond to traditional groups
while creating the potential for support
from new groups. It is no wonder that
the simplistic advice of outside observ-
ers for raising production (for example
“Get your prices right”) is viewed with
disdain by those wrestling with the actu-
ality of achieving growth in agriculture
in India.

The accelerated growth of Indian ag-
riculture depends fundamentally on the
development of new varieties of high-
yielding crops. These in turn will pro-
vide their maximum benefits only with
assured supplies of water and fertilizer.
The transportation of fertilizer and oth-
er farm inputs, and the resulting in-
creased output, calls for further invest-
ment in vehicles and roads.

The rapid increase in grain produc-
tion in the late 1960’s was achieved in
large part through the expansion of irri-
gation, which required a big investment
not only in conventional irrigation
works but also in electric power to oper-
ate the pumps needed for well irriga-
tion in the responsive wheat areas of
the northwest. Comparable agricultural
growth can be extended eastward on the
Gangetic Plain with high-yielding vari-
eties of rice, assuming that abundant
groundwater resources are tapped to
supplement the monsoon rains. If water
is made available, an irrigated wheat
crop can be planted after each rice har-
vest. That development is already in
progress, proving its potential, but it has
a long way to go. The added investment
required will be even larger than the one
made in the late 1960’s. Even in that
period large tonnages of potential wheat
output were lost because of power
shortages, particularly in dry years,
when deficits of water curtailed the elec-
tric power for irrigation pumps.

The fertilizer requirements for the ac-
celerated growth of farm output are
also immense: annual growth rates of
15 to 20 percent, annual increments
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FACTORS DETERMINING GRAIN PRODUCTION are the inputs of land, labor, irriga-
tion and fertilizer. The curves show how the rising Indian production of food grains can be allo-
cated among the four inputs. Over the entire 29-year period since independence the biggest
factor in raising grain output has been the increasing input of labor, an increase made possible
by, as well as necessitated by, the increase in the population of the country. In the past decade,
however, the increased use of inorganic fertilizer has added as much to grain output as was
added by increased inputs of labor over the past two decades. The effect of high-yielding vari-
eties of grain is manifested principally in the curve given for fertilizer. Sum of four curves cor-
responds to the curve labeled “Adjusted food-grain production” in illustration on page 159.

of 200,000 to 400,000 tons of nitrogen
alone, representing hundreds of millions
of dollars of investment per year, com-
pounded at staggering rates. Such a pro-
digious investment for fertilizer may
clash with the rest of the agricultural-
growth strategy, let alone with a capital-
intensive industrial-growth one. The al-
ternative of importing fertilizer raises
all the hard political questions presented
by dependency on outside sources of
supply. It is out of such enormously
complex considerations that develop-
ment dilemmas are made. Achieving
high rates of growth in agriculture is not
just a matter of knowing what to do to
raise farm output; it quickly involves
problems of national independence,
guesses about the volume of aid that
may be expected from other countries
and sharp shifts in political constituen-
cies and loyalties, depending on the
growth strategy chosen.

f agricultural success in India, and
elsewhere, depends fundamentally
on new crop varieties, it is clear that they
must be developed within the country
for which they are intended. They can
rarely be transferred from the very dif-
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ferent conditions of California, Iowa,
Mexico or the Philippines. India’s peas-
ants have evolved highly effective pro-
duction and storage methods, well suit-
ed to India’s wide diversity of environ-
ments. Successful change is not to be
sought in changing the peasants’ wise
and perceptive minds but rather in
changing the environment within which
the peasants make their decisions. To
effect such a change a complex institu-
tional structure combining research and
local services must be built. Great
strides in filling this need were made in
the late 1950’s with assistance from the
Rockefeller Foundation, which drew on
experience gained from effective work
in Mexico and elsewhere. The institu-
tional structure needs further strength-
ening and continued interaction with
such centers of excellence as the Inter-
national Rice Research Institute in the
Philippines. Unfortunately the structure
is still weakest in the part of the rice area
that has the greatest immediate physical
potential.

The implementation of policies to
spread new agricultural technologies re-
quires a comprehensive system of insti-
tutions for distributing fertilizer, teach-

161



50 — - -

40

OTHER
GRAINS

PRODUCTION (MILLIONS OF TONS)

0 i i i -]
1949- 1954- 1959- 1964- 1969- 1973-
1950 1955 1960 1965 1970 1974

PRODUCTION OF RICE AND WHEAT in India has been increasing more rapidly than the
production of other food grains. The sharp rise in wheat production reflects the adoption of
high-yielding varieties. The introduction of new rice varieties has proceeded more slowly, in
part because more rice varieties are needed to suit India’s highly heterogeneous conditions.
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COMPARISON OF YIELDS shows rice and wheat far ahead of other food grains. Over the
24-year period plotted the yield of rice has shown a fairly steady increase of about 3 percent
per year. There was not much improvement in the yield of wheat until the new high-yielding
varieties appeared in the late 1960’s. The sharp drop in wheat yields after 1972 was due to a
shortage of fertilizer combined with a shortage of water for irrigation. The shortage of irriga-
tion water was largely attributable to a lack of energy for pumps. The yield of other food grains is
considerably lower than it is for wheat and rice and will be difficult to improve in the future.
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ing new methods, providing credit, or-
ganizing knowledge of individual re-
gions and marketing farm output. Such
institutions must be staffed by trained
personnel and are unlikely to work ef-
fectively unless farmers are literate
enough not only to grasp and exploit
what the institutions have to offer so
that they perform effectively and effi-
ciently but also to influence the institu-
tions and the formally educated people
who run them. Hence a broadly based
educational system is also an important
ingredient of agricultural growth. Al-
though the number of boys aged six to
10 enrolled in the primary schools of
India increased from 60 to 99 percent
between 1951 and 1965, and the propor-
tion of girls enrolled increased from 25
to 56 percent, the overall educational
base remains narrow and continues to
act as a brake on growth in farm output.
The task of effecting change is com-
plicated by the fact that the farms ac-
counting for a fourth of the agricultur-
al land in India are smaller than two
hectares (five acres). The very small
farmers are poor and are wary of ex-
perimentation. If they can be persuad-
ed to innovate and if they are serviced
with the necessary institutions, how-
ever, they are at least as effective in
their use of fertilizers, pesticides and
water as farmers with larger holdings.
Carrying the message of new technolo-
gies to the small farmer and integrating
them into the credit, marketing and ed-
ucational institutions also require a
costly investment in trained personnel.
India has gone far in two decades, in
building farm-centered institutions, in
experimenting with community devel-
opment, in creating the Intensive Agri-
cultural District Program and the Small
Farmers’ Development Agency, in es-
tablishing cooperative credit unions and
rural banks and more. The substantial
success of such ventures provides a firm
base for optimism. There is nonetheless
still much to be done, and it requires
time and the careful assignment of pri-
orities at a high level in the society. The
success of the past effort must be seen in
the perspective of an initially very low
base of accomplishment at the time of
independence, and the scale of that ef-
fort is indicative of the additional effort
needed if the large remaining potentials
of Indian agriculture are to be realized.

he region with probably the greatest
potential for agricultural growth lies
on the eastern Gangetic Plain, where
four principal states produced 22 per-
cent of India’s grain in 1970-1971 while
accounting for only 10 percent of the
country’s consumption of nitrogenous
fertilizer. The region is richly endowed
with groundwater. The principal brake
on its agricultural growth has been its
failure to develop adequate institutions
of the type I have been describing.
In West Bengal, a key state in the re-



gion, much of the land is held by a sys-
tem of petty landlords that probably in-
hibits the institutional development cru-
cial to agricultural modernization. The
landlords typically each own an average
of about four hectares, worked by three
or four tenants and their families. There
are of course a great many landlords. In
neither a Western-style democracy nor a
more centralized regime is a landlord
class of this size to be treated lightly in
the political process. Can it be reformed
now by legislation securing tenancy and
fixing rents? Is a more radical land re-
form possible? Can production be in-
creased without reform? If production
increases, will underlying social ten-
sions become so exacerbated as to upset
the political stability necessary for con-
tinued gains? The questions are familiar
to those in power. The answers come
easily—to those without responsibility
for the consequences. From such com-
plexity arises indecision that is all the
greater when the resources are so limit-
ed and the political risks so great.

Beyond the political problem lies the
uncertainty about how best to build in-
stitutions: by extension of the better
institutions from other states or by the
slower and more acceptable process of
reforming existing structures within the
state. If it is the latter, one must work
with the full knowledge that the present
structures are deficient precisely be-
cause of the flaws in existing political
and institutional relations.

In the face of such complexity and
uncertainty, what may one expect for a
growth rate in Indian agriculture? If irri-
gation expands at the high rate of the
period 1961-1968, if the use of fertilizer
expands at nearly as high a rate as it did
in the same period, if agricultural re-
searchers come up with the improved
varieties and practices, particularly for
rice, that are essential to the profitable
application of irrigation and fertilizer, if
the efforts to reach the small farmer suc-
ceed, then a growth rate approaching 5
percent is plausible. If the 3.3 percent
growth rate of 1965 to 1971 qualified as
a green revolution, 5 percent is a grand
prospect indeed. If one makes a some-
what more conservative estimate of the
response to the physical inputs, say the
actual response of the 1950’s, the agri-
cultural growth rate should still reach 4
percent. The underlying quantities pro-
jected for each of the inputs are reason-
able; that they should all be achieved
simultaneously is perhaps not. With al-
lowances for shortfalls a growth rate of
3.5 to 4 percent seems a safe projection.
Such a growth rate in agriculture is con-
sistent with an overall strategy that
would provide accelerated growth in in-
dustry and a broadly participatory pat-
tern of development. An increase in
food-grain production of half a percent-
age point may seem small, but it is not
when it is applied to such a large and
basic sector or when it is seen in terms of
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FOREIGN AID FOR INDIA increased rather steadily from the mid-1950’s to the mid-1960’s,
then plunged sharply. The figures plotted here represent net foreign-resource transfers to
India’s account, computed as the difference between what India had to pay for imports and
what the country earned from exports. The sharp rise in these net foreign-resource transfers
in the past few years reflects the steep increase in the cost of imported oil and fertilizer.

the actual improvement in diet and re-
duction in human misery.

ne can see that the extent to which
India accelerates agricultural pro-
duction is in large part a political choice
involving both internal and external
considerations. Four aspects subject to
foreign influence are of importance.
First, assistance in the form of grain or
credits can ensure basic supplies of food
in the face of fluctuating weather condi-
tions and lags in production. Such a
food-security system, backed by the in-
ternational community, may encourage
the shift to a rural, employment-orient-
ed strategy.

Second, foreign technical assistance
in research, education and many other
aspects of rural development can lessen
the constraint on growth that would oth-
erwise be set by the shortage of trained
personnel. The level of assistance must
be skillfully measured because the ob-
jective is to accelerate the immediate
performance of the needed tasks with-
out delaying India’s long-term capacity
to perform the tasks by itself. Since In-
dia now has the basic agricultural insti-
tutions in place and a large corps of
highly skilled and experienced adminis-
trators, it is quite able to effectively ab-
sorb assistance in clearly defined techni-
cal areas.

Third, financial assistance on a major
scale can not only relieve the capital re-
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quirements of rural growth but also
meet the crucial need for foreign ex-
change while the Indian economy ad-
justs to the more favorable environment
for the export of labor-intensive modern
industrial and processed goods, which is
implicit in the new strategy.

Fourth, and perhaps most important,
is an international environment that
gives first priority to the humane aspects
of development rather than to gaining
short-term political advantages in the
arena of great-power politics. Although
in the long run the rural-oriented strate-
gy has a greater potential for faster
growth than the alternative urban-in-
dustrial strategy, in the short run it calls
for a greater dependence on others for
food, fertilizer, technology and capital.
Certainly the sharp decline in net for-
eign aid to India from $1.2 billion in
1965 ($2.63 per capita) to essentially nil
in 1972 argues against increased depen-
dence on Western countries and hence
for a more cautious, narrowly based and
inward-looking approach to growth. Po-
litical success tends to be judged on the
short run, and politicians frequently
choose strategies of growth that maxi-
mize short-term security at the expense
of long-term security. Before other
countries judge India’s decisions they
should examine their own short- and
long-term priorities. It is not only the
world view of India’s leaders that is be-
ing tested.
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The Resources
Available for Agriculture

The physical resources of earth, air, fire (energy) and water

are large but are essentially fixed. The biological and social

resources, however, are far from being pressed to the limit

n considering the resources required
I to supply food for human beings we
tend to think of the resources used
directly in agriculture. Only a portion of
the food products grown by farmers,
however, can be eaten without further
processing. Most farm products must
be stored, transported, distributed and
cooked before they can contribute to
human nutrition. Thus we need to think
of the resources necessary for the entire
human food system and not only of the
resources utilized by farmers.

We should remember also the other
ways, actual or potential, in which hu-
man beings can obtain food supplies.
Long ago, before the invention of agri-
culture, men and women worked for
their living very much as other animals
do, by gathering the edible portions of
wild plants and invertebrate animals, by
hunting and by fishing. The resources
required were few and simple: flints and
other workable stones for spear points
and arrowheads, plant fibers for fishnets
and containers, clay for ceramic pots,
wood for cooking and bones for tools
and fishhooks.

The world’s fisheries are the modern
counterpart of this ancient method of
food production. They provide about 10
percent of the protein available to the
present world population (and a much
higher percentage in many poor coun-
tries) but only a small part of total food
energy. These proportions are likely to
diminish in the future. The maximum
sustainable fish catch is probably not
more than twice the present one, and the

by Roger Revelle

resources required for attaining this
maximum, particularly the require-
ments for fuel energy, are high. The situ-
ation might be changed by the develop-
ment of “mariculture,” or ocean farm-
ing, but this approach is not likely to add
substantially to the food supply in the
foreseeable future.

If the world’s human population of
between six and seven billion in the year
2000—let alone the larger population
that can be expected 50 to 100 years
from today—is to be adequately fed, a
massive increase in agricultural produc-
tion will be necessary. Whether and how
this can be brought about depends on
the magnitude of the resources available
to farmers and on the efficiency with
which they are able to use them. The
resources fall into two broad categories:
natural (including physical and biologi-
cal resources) and social.

The physical resources, although they
are very large, are ultimately fixed; they
are the four basic elements of the
Greeks: earth, air, fire and water. (Our
modern metaphor for pyr, the fire of the
Greeks, is the Greek word for work:
energeia, or energy.) The biological re-
sources, on the other hand, cannot be
assigned dimensions or limits; they in-
clude the plants and animals farmers
grow and the microbes and other orga-
nisms that play diverse roles in the food
system. The social resources are also ba-
sically unbounded; they include the cap-
ital for agricultural investment, the so-
cial institutions that help the farmers to
do their job, human labor and skills, and

NITROGEN-FIXING MICROORGANISMS supply about two-thirds of the fixed nitrogen
used worldwide by growing crops. One of most important nitrogen-fixing bacteria is Rhizo-
bium japonicum, which converts atmospheric nitrogen into ammonia in the root nodules of
soybeans. The soybean incorporates the ammonia into nucleic acids, proteins and chlorophyll.
The scanning electron micrograph on the opposite page shows Rhizobium bacteria released
when a soybean nodule cell was slit open. Bacteria are the puffy structures. The micrograph,
enlarged about 2,900 diameters, was made by Winston J. Brill of the University of Wisconsin.
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the growing store of scientific and prac-
tical knowledge that has transformed
agriculture in the past and can be count-
ed on to cause even greater changes in
the future.

Thomas Malthus’ “principle of popu-
lation” states that human populations
will always increase up to a limit set by
human food supplies. Malthus thought
this limit was determined by the physi-
cal resources available for agriculture.
He recognized that farm production in-
creases with improved technology, and
that the stock of usable resources can
also be made to increase. He believed,
however, that the rates of increase
would always be less than the potential
capacity of human beings to multiply
their numbers. These ideas about the
relation between population and re-
sources still underlie much contempo-
rary thought. Here I shall look at the
inverse of Malthus’ proposition: Can
the effective utilization of resources for
food production be made to increase to
limits set by human population size? A
more important question is: Can rates of
growth of agricultural production be
made to exceed rates of population
growth, thereby improving the condi-
tions of life of poor people throughout
the world? Such improvement is proba-
bly one of the essential conditions for
reducing birthrates and eventually stop-
ping population growth.

he physical resources of the food

system need to be defined more nar-
rowly than simply as being those things
in the environment that can be utilized
with currently available technology.
The concept of a resource carries with
it the qualities of scarcity and value.
Choices must be made about the uses to
which a resource will be put, because it
does not exist in sufficient quantity to be
used for all possible purposes. In this
sense only some of the factors of physi-
cal production in agriculture can be
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thought of as resources. For example,
sunlight and carbon dioxide are funda-
mental for photosynthesis but they are
not scarce, and the quantities available
cannot be changed very much or allo-
cated by deliberate human action. Only
about one part in 200,000 of the sunlight
falling on the earth is converted into
food energy for human beings, and only
about three parts in 10,000 of the atmo-
spheric carbon dioxide are temporarily
utilized each year in human metabolism
and returned again to the air.

Human beings are inadvertently in-
creasing the carbon dioxide content of
the atmosphere by burning coal, oil and
natural gas, and in the process they may
be reducing the incoming sunlight, by
increasing the area covered by clouds. If
present trends in the use of fossil fuels
continue, the carbon dioxide content of

the air may increase five- or sixfold in
the next 100 years. The effects on the
world’s climate are quite uncertain, but
they may cause serious disruptions in
the food system. It is certain, however,
that the efficiency of photosynthesis,
that is, the portion of the incoming solar
radiation that plants can convert into
chemical energy, will be considerably
increased, perhaps almost in direct pro-
portion to the rise in atmospheric car-
bon dioxide, if, as some experiments in-
dicate, the limiting factor in photosyn-
thetic production under otherwise good
environmental conditions is the availa-
bility of carbon dioxide.

Molecular nitrogen and oxygen, the
two major constituents of the air, are
essential for plant metabolism but in
their atmospheric form they, like car-
bon dioxide, cannot be thought of as re-
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sources because they have no economic
value. The respiration of all the plants
and animals on the earth utilizes only
about one part in 5,000 of the earth’s
oxygen each year and nearly all of it is
returned promptly to the air in the proc-
ess of photosynthesis. All biological
processes together probably utilize less
than a millionth of the atmospheric ni-
trogen, and it too is returned to the air
through complex bacterial action. The
biological and chemical processes by
which the molecular nitrogen in the at-
mosphere is “fixed,” that is, combined
with other elements into substances that
can be metabolized by plants, do, how-
ever, utilize resources in the sense we
have defined.

The other physical resources—earth,
water and energy—are relatively limited
in quantity and have economic value;

HUMID

SUBHUMID

ARID OR SEMIARID

ELEVATION OVER 1,500METERS

oooo

SOIL AND CLIMATE OF AFRICA point up some of the limita-
tions placed on agricultural development even in parts of the world
where temperature, sunlight and, in some regions, precipitation are
otherwise favorable. Africa, including Madagascar, contains about
23 percent of the world’s land area not covered by ice. Although Af-
rica is representative of the world at large in that about a fifth of its
land area is considered potentially arable, or cultivable, its principal
soil types are among the least favorable for agriculture (map at left).
Five soil groups, the first five listed in the key, make up 96 percent of
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the potentially arable land. One-third of Africa is covered by latosol,
the reddish soil of tropical forests, of which less than half could be
used for growing crops. Because latosols are the most highly leached
soils in the world, they require chemical fertilizers and a variety of
minerals to be agriculturally productive. Fifty-seven percent of the
potentially arable soil in Africa is latosol. Next most abundant po-
tentially arable soil, nearly 20 percent of the total, consists of desert
soil, which is also deficient in many plant nutrients. Regosol, a sandy,
undifferentiated soil, represents 6.4 percent of the total potentially
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they must be allocated among different
uses by deliberate human action. By the
earth we mean in agricultural terms pri-
marily arable land—land areas covered
with soil in which crops can be grown—
and grazing land on which livestock can
feed. The earth also contains deposits of
rocks high in phosphates, potash and
metals, which can be mined and con-
verted into plant nutrients and into farm
tools and machinery.

Water is part of the chemical sub-
strate for photosynthesis. It is utilized
by food crops, however, principally for
cooling and as a medium for the trans-
port of substances between different
parts of the growing plant. Since the
transport is driven by differential vapor
pressures, it results in a high rate of
evapotranspiration from the leaves. For
example, wheat, rice and corn common-

o —

PRECIPITATION EQUALS
EVAPOTRANSPIRATION

ly evapotranspire thousands of tons of
water per ton of edible grain produced.
Most of the water used deliberately by
human beings is devoted to agriculture,
and for many of the world’s peoples wa-
ter is a scarce resource.

The most important type of energy
utilized in agriculture is sunlight, which
is converted into chemical energy in the
process of photosynthesis. Only a small
fraction of the solar energy irradiating
crop plants, usually less than 1 percent,
is utilized in the manufacture of sub-
stances that can serve as food for human
beings. Perhaps the most fundamental
problem of agricultural research is to
increase this fraction.

No plant or animal is able to fix nitro-
gen, only prokaryotes: organisms, in-
cluding bacteria and blue-green algae,
that have no cell nuclei. In legumes part

of the solar energy captured by photo-
synthesis is transferred in the form of
carbohydrates to symbiotic bacteria
called rhizobia, which use it to make
ammonia from atmospheric nitrogen
and the hydrogen in carbohydrates. This
fixed nitrogen is in turn utilized by the
plants to make chlorophyll, nucleic ac-
ids and proteins. Other bacteria utilize
the energy in organic waste to fix nitro-
gen. In the blue-green algae the photo-
synthetic conversion of solar energy and
the fixation of atmospheric nitrogen oc-
cur in the same organism.

In modern high-yielding agriculture
the biological fixation processes do not
provide enough nitrogen for maximum
production of nonleguminous crops.
Hence chemical nitrogen fertilizers, in
which the energy for nitrogen fixation is
supplied by natural gas or other fossil
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arable land in Africa; it holds water poorly unless it is specially treat-
ed. Grumosol and terra rossa, which together make up about 7 per-
cent of the arable total, present lesser problems. Only 7 percent of
the arable land in Africa consists of naturally rich alluvial soil. The
second great agricultural deficiency of Africa is poor distribution of
rainfall. More than half of Africa is arid or semiarid (map in middle).
To support agriculture such areas would have to import water from
outside sources during all or part of the year. In subhumid regions
the annual precipitation exceeds evaporation, but some runoff of

ELEVATION OVER 1,500 METERS

precipitation must be stored if crops are to be grown year round.
Only in the humid areas can crops be grown without irrigation in all
months when the average minimum temperature is above freezing.
The limitation that lack of water places on agricultural development
is shown in the map at the right, depicting the number of months per
year in which precipitation plus residual soil moisture would exceed
the potential evapotranspiration of crops. Black contour lines indi-
cate regions where frost is likely; associated numbers give number
of months when average minimum temperature falls below freezing.
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fuels, must be used. Both the natural
bacterial process and the chemical man-
ufacturing process apparently require
about the same amount of energy per
unit of fixed nitrogen produced: roughly
15,000 kilocalories per kilogram. In the
symbiotic bacterial process the energy is
supplied by the plant’s own synthetic
product, which may explain why the
yields per hectare of soybeans and other
seed legumes are comparatively low.
For every ton of soybeans, containing
30 to 40 percent protein, 100 kilograms
of nitrogen must be fixed by the symbi-
otic rhizobia, which in the process con-
sume the energy in 400 kilograms of car-
bohydrate. Because of the high energy
content of natural gas and naphtha, the
fossil fuels commonly used in chemical
nitrogen fixation, only about 150 kilo-
grams of fuel is consumed to provide
100 kilograms of nitrogen in the form
of chemical nitrogen fertilizer. Even at
current oil and gas prices the cost of this
quantity of fossil fuel is less than 10 per-
cent of the value of the resulting crop
yield.

In world agriculture as a whole syn-
thetically fixed nitrogen represents only
about 30 percent of the total fixed nitro-
gen metabolized by crop plants. Forty
million tons of synthetically fixed nitro-
gen were applied worldwide in 1974.
According to estimates by Ralph W. F.
Hardy of E. I. du Pont de Nemours &
Company, among others, the annual
biological fixation in agricultural soil
amounts to about 90 million tons: 35
million tons in crop legumes, nine mil-

lion tons in nonlegume food crops and
45 million tons in permanent meadows
and grasslands. Probably another 45
million tons of atmospheric nitrogen are
fixed annually by lightning, by the ac-
tion of ozone and by combustion, in-
cluding forest fires, and part of this ni-
trogen is deposited on the earth’s farm-
lands. It is estimated that by the year
2000, 160 million tons of chemically
fixed nitrogen—four times as much as in
1974—will be used in world agriculture,
requiring 250 to 300 million tons of fos-
sil fuels. This corresponds to roughly 4
percent of present fuel consumption. At
1976 prices of $200 to $250 per ton of
fixed nitrogen the cost of nitrogen fertil-
izer would be $32 billion to $40 billion,
of which the fossil-fuel cost would be
$15 billion to $20 billion. That would
still be a small fraction of the estimated
$300-billion value of the crop produc-
tion that is attributable to the applica-
tion of fertilizer.

Mechanical energy is needed in agri-
culture to lift water for irrigation, to cul-
tivate, plant and harvest the fields, to
transport farm inputs and products and
for many other purposes. In traditional
agriculture most of the mechanical en-
ergy is provided by the labor of human
beings and animals; in modern agricul-
ture the primary energy source is usual-
ly fossil fuels or hydroelectric power.
David Pimentel and his colleagues at
Cornell University have shown that
where chemical fertilizers and farm ma-
chinery, including pumps for irrigation,
are utilized efficiently in the modern ag-

riculture of the developed countries, the
total fossil-fuel energy required to pro-
duce food grains—the primary agricul-
tural product in most of the world—is
about half the energy in the seeds of the
grain. In the developed countries, how-
ever, animal products, including meat,
eggs, milk, butter and cheese, are major
components of the food system. Ani-
mals convert only 10 to 20 percent of the
energy in their feed into the energy con-
tained in edible products; moreover,
considerable energy must be expended
in animal care and maintenance. Hence,
as Pimentel has emphasized, the energy
invested in producing milk, eggs and
meat in the agriculture of the developed
countries is often several times greater
than the energy contained in the edible
products.

The present high prices and foresee-
able exhaustion of fossil fuels raise se-
rious questions of whether the energy-
intensive agriculture of the developed
countries can be extended to other parts
of the world or can even be continued
for very long in any country. In princi-
ple, however, most—perhaps all—of the
energy needed in modern high-yielding
agriculture could be provided by the
farmers themselves. For every ton of ce-
real grain there are one to two tons of
humanly inedible crop residues with an
energy content considerably greater
than the food energy in the grain. If only
half of this energy could be recovered
by the fermentative production of meth-
ane or alcohol, the energy requirement
for modern agriculture, including ener-

ARABLE WITHOUT
NET ARABLE IRRIGATION IRRIGATION | GROSS CROPPED | GROSS CROPPED TOTAL
AREA IN OUTSIDE REQUIRED FOR | AREAWITHOUT | AREAADDED | POTENTIAL GROSS
HUMID TROPICS | HUMID TROPICS | EVEN ONE CROP |  IRRIGATION BY IRRIGATION | CROPPED AREA
(MILLIONS OF | (MILLIONS OF (MILLIONSOF | (MILLIONS OF (MILLIONS OF (MILLIONS OF
HECTARES) HECTARES) HECTARES) HECTARES) HECTARES) HECTARES)
AFRICA 105 490 10 705 290 995
| ASIA 80 450 15 625 475 1,100
|
AUSTRALIA,
e 0 115 2 123 2 125
EUROPE 0 170 0 205 40 245
NORTH AMERICA 10 440 8 535 160 695
SOUTH AMERICA 300 350 24 635 80 715
U.S.SR 0 325 23 325 30 355
i TOTAL 495 2,340 82 3,155 1,077 4,230

POTENTIALLY ARABLE LAND capable of supporting crops
without irrigation constitutes some 22 percent of the world’s ice-
free land surface. About 495 million hectares lie within the humid
Tropics, 2,340 million hectares lie outside. Water is available to irri-
gate another 80-odd million hectares, which then can produce one
crop a year. Omitting arable land for which no water is available
(about 200 million hectares worldwide), the ratio of potentially ara-
ble land to total land in Africa, Asia and North America is typical of
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the world as a whole: about one hectare in five. In Australia, New
Zealand and the U.S.S.R. the proportion is less: about one hectare in
six or seven. In Europe, however, more than one hectare in three is
arable, and in South America the proportion approaches two in five.
Where climatic conditions allow, more than one crop a year can be
grown. Columns labeled “Gross cropped areas” indicate the poten-
tial; the figures represent potentially arable land multiplied by num-
ber of crops that could be grown in a four-month growing season.



&
e
“aR

WHATSITSNAME, the completely unique new Edmund 4%" Newton-
ian Richest Field Reflector Telescope. Clearest, brightest, most
spectacular wide angle views of moon, stars, comets, galaxies you've
ever seen. Here are just a few of its outstanding features:

Compact, portable, sets up in seconds. It's pre-collimated and ready
to use. Just pop in the eyepiece, focus . .. and presto! Its fantastic 32°
field of view gives you more stars in a single view than any other type
telescope . . . bright, crisp, finely resolved images. For sky gazing and
earth gazing too!

Take it anywhere! Only 177, 10 pounds. Easiest-to-use telescope ever!
Over your shoulder, in your lap, on a tripod. Or just rotate the spherical
base on its own aluminum mount for use on a table, car hood, etc.

Maintenance-free, top quality optical system features 4Vs", f/4
parabolic primary mirror (1/8 wave, 17" F.L.); pre-aligned 1/8 wave
diagonal is right on coated optical window that seals optics from
moisture and dust; standard 28mm Kellner eyepiece (gives 15X, higher
with other eyepiece or Barlow).

Beautiful, colorful, sleek and modern! A real conversation piece and a
joy to own and use. Rugged high impact plastic body, bright Scharfan-
ian red (doesn’t impair night vision); fast, posi-grip roller focusing
(25’ to infinity); adjustable carrying strap and much more! The tele-
scope of the future, here today.

Stock No. 2001S ............ Special Introductory Price $129.95 Ppd.
(Goes to $149.95 Dec. 25, 1976)

CONTEST RULES AND REGULATIONS

1. No purchase required to enter. 2. All entries must be received by
Edmund Scientific Co. no later than November 15, 1976, and
become the sole property of Edmund Scientific Co. 3. An official
entry form, or reasonable facsimile, should be used for each entry. 4.
Entries will be judged on originality and practicality. 5. Decision of
the judges will be final. 6. In case of ties, winning entry will be the one
with the earliest postmark. 7. Winners will be notified by mail, and
their photos and names will appear with the announcement in the
next issue of the nationally distributed Edmund catalog. 8. This
contest is void where prohibited by law. 9. “Name the Telescope’
contest is not open to employees of Edmund Scientific Co., its
advertising agency, this magazine or any judge of this contest. 10.
Every entrant, whether a winner or not, will receive FREE a 1-year
subscription to “Astronomy News'".

§ EDMUND SCIENTIFIC CO.,
300 EDSCORP BLDG,,
BARRINGTON, NJ 08007 (609) 547-3488

A star

is born...
name it, win it!

(in time for Christmas!)

GRAND PRIZE: TWO NEW EDMUND PORTABLE
RICHEST FIELD 4" t/4 NEWTONIAN TELESCOPES,
INTRODUCTORY-PRICED AT $129.95 EACH.

(One for you, one for the school or planetarium of your choice.)

PLUS $500 CASH BONUS [ounsF vou suy:

ONE BEFORE YOU WIN TWO!
2nd PRIZE $100 CASH
3rd, 4th, 5th PRIZES—$50 EDMUND MDSE. CERTIFICATES

EVERYBODY WINS! ALL ENTRANTS GET A FREE 1-YEAR
SUBSCRIPTION TO *“ASTRONOMY NEWS" (a $5.00 value). 12
fact-filled issues packed with the latest astronomical news and
discoveries.

* Special introductory price valid for all orders received by midnight
December 24, 1976 . .. when it goes to $149.95. If you're the Grand Prize
Winner, we'll refund your $129.95.

Get in the contest—it's easy, fun, creative and rewarding! Just
read the description under WHATSITSNAME'S illustration for
information and inspiration—then, write your suggested name for
Edmund’s new telescope on the entry blank below, fill in and mail.
Your brainchild may be the winner! So, give it a go—lots of good
hints in that fact-filled paragraph above WHATSITSNAME'S intro-
ductory low price. No gurchase necessary to enter, and here's
more good news. If you buy the new 'scope now (why wait to enjoy
it ... why not own it now, or give it for Christmas at the special
introductory price?) and you do become the Grand Prize Winner,
we'll refund your $129.95! Plus . .. you’ll get a $500.00 Cash Bonus
buyer's prize. Okay? Name the telescope!

ALL ENTRIES MUST BE RECEIVED BY NOVEMBER 15, 1976!
USE THE OFFICIAL ENTRY FORM/ORDER FORM BELOW, OR
REASONABLE FACSIMILE. ONE NAME PER FORM. USE IT
ALSO TO ORDER EDMUND’'S NEW 'SCOPE NOW AND SAVE
$20.00. NO PURCHASE NECESSARY TO WIN—AND IF YOU
WIN, YOU'LL GET YOUR $129.95 BACK!
If form is missing, send your entry and/or order on separate piece
of paper (one entry per sheet) to:
CONTEST"S”
EDMUND SCIENTIFIC CO.
300 EDSCORP BLDG. Name, Address,
BARRINGTON, NJ 08007 City, State, Zip.
OFFICIAL ENTRY/ORDER FORM—MAIL TODAY!
Contest"S”
Edmund Scientific Co.,
300 Edscorp Bldg., Barrington, NJ 08007

) Yes, I'm ordering the new telescope now and

saving $20.00. Send me:
— "WHATSITSNAME , PORTABLE TELESCOPE(S)

NO. 2001S at Special

Introductory Price of $129.95 ea. §

Service & Handling Charge §___ 1.00

Enclosed is () Check (] M.O.
For TOTAL of §.

[sw] N
( BANKAMERICARD
[

Be sure to
include your

Send FREE
164-Page Catalog S

Charge my

] American Express

0 BankAmericard
Master Charge

Interbank No

Card No.

Expiration Date

30-DAY Signature

MONEY-BACK

GUARANTEE. Name

You must be (Please Print)

satisfied or re-

turn any pur- Address

chase in 30 days

for full refund. City State Zip

No, I'mnotordering the new telescope now,buthere'smycontestentry.
My entry for the name of the telescope is:

o o 1 o . . o 2]

(Please Print)
. . S G S S I I IR W S S S S—

1

L

o))
O

© 1976 SCIENTIFIC AMERICAN, INC



gy for the production of chemical fertil-
izers, could be fully satisfied.

In both traditional and modern food
systems the energy expended in food
processing, distribution and cooking is
much greater than the energy expended
in food production. For example, in ru-
ral India about twice as much fuel ener-
gy is used in cooking a kilogram of rice
as there is food energy in therice. In the
U.S., estimates by John S. Steinhart of
the University of Wisconsin and Carol
E. Steinhart, when combined with Pi-
mentel’s figure for farm energy expendi-
tures, show that twice as much energy is
consumed outside the farms in process-
ing, packaging, transporting, distribut-
ing, refrigerating and cooking food as
the farmers consume in growing it. In
both countries the energy requirement
for the entire food system could, in the
long run, present more serious problems
than meeting the energy needs for crop
production.

he three biological factors of impor-

tance in agriculture are, first, the
gene pools of crop plants and domestic
animals; second, various kinds of micro-
organisms, and third, earthworms, in-
sects and other larger organisms that
turn over and aerate the soil. Only a tiny
fraction of the living species of plants
and animals have been domesticated to
play a role in the human food system:
primarily cereal and leguminous food
grains, certain tubers and a relatively
small number of vegetables, fruits and
nuts among the plants; ruminants, swine
and poultry among the animals. These
few domesticated species have become
highly specialized through many gener-

ations of controlled breeding. They are
vastly different from their wild ances-
tors, particularly in their vulnerability
to diseases and pests. One of the major
problems of modern agriculture is to re-
tain a sufficient diversity in the gene
pools of domestic species and to pre-
serve the genes of their wild relatives, in
order to allow breeding of new varieties
resistant to mutant disease organisms
and resurgent pests as they appear in
different parts of the world.

In addition to the nitrogen-fixing bac-
teria and blue-green algae other micro-
organisms of vital importance in the
world food system are the bacterial flora
in the rumen of cattle, sheep and goats;
soil microbes, both fungi and bacteria,
that perform a variety of functions, and
microorganisms that can be employed
to process foods by fermentation. One
of the most remarkable symbiotic asso-
ciations in human affairs is that between
men, ruminant animals and the rumen
bacteria. The bacteria are able to con-
vert cellulose, which human beings can-
not metabolize, into the sugars and car-
bohydrates that they can. The bacteria
also manufacture amino acids, the sub-
units of proteins, from simple nitrogen
compounds. As a result the ruminants
can provide nutritious human food
from a diet of grasses, leaves, organic
wastes and even human and animal ex-
creta, along with certain simple com-
pounds, such as urea. In traditional agri-
culture and pastoralism ruminants also
represent a means of storing and trans-
porting food supplies. Moreover, they
provide much of the mechanical energy
for cultivating the fields.

One gram of fertile soil may contain

tens of thousands of protozoan and al-
gal cells, a million fungal cells and more
than 10 million bacteria. It has long
been known that enzymes and acids
manufactured by the bacteria release
phosphates and other plant nutrients
from soil minerals, but the importance
of certain fungi has only recently been
recognized. The fungi include bodies
called mycorrhizas, which are attached
to plant roots. The fungi decompose or-
ganic matter and incorporate the prod-
ucts in their mycelium. The minerals
and organic nutrients are then passed on
to the plant roots through the mycorrhi-
zas. As F. W. Went of the University of
Nevada has pointed out, this process
may be particularly important in bad-
ly leached tropical soils, where plant
growth depends on the recycling of nu-
trients from dead to living organic mat-
ter and where the principal role of the
soil is simply to support the vertical
structure of the plants. Other soil micro-
organisms manufacture antibiotics and
growth-promoting organic compounds
such as beta-indoleacetic acid and the
gibberellins. Went has found that in arid
regions the surface layers of sandy soils
are held together by microscopic fungi,
which stop wind erosion.

In the human food system the preven-
tion of food losses from spoilage is crit-
ically important. In the rich countries
there is enough energy available to pre-
vent spoilage by refrigeration; in the
poor countries less expensive methods
must be sought. Among the most widely
used are various processes of fermenta-
tion by microorganisms, which yield ed-
ible and nutritious foods that can be
kept until they are needed. The fermen-
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AFRICA 165 345 48 995 750 1.33
ASIA 475 2,055 23 1100 4,090 27
AUSTRALIA, T =
NELLEamNE 20 20 1.00 125 35 3.57
|
EUROPE 150 460 33 245 580 42
NORTH AMERICA 240 320 75 695 530 131
A R |
SOUTH AMERICA 80 190 43 715 440 1.63
US.S.R. 230 245 94 355 340 1.04
TOTAL 1,360 3,635 = 4,230 6,765 62 |
: : | (AVERAGE) , ' (AVERAGE)

AMOUNT OF CULTIVATED LAND PER PERSON could be in-
creased in every part of the world between now and the year 2000.
Of the 1,360 million hectares under actual cultivation in 1970, only a
tiny fraction yielded more than one crop a year. The potential gross
cropped area of 4,230 million hectares projected for A.D. 2000 repre-
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sents a figure that could be achieved by growing more than one crop
a year on roughly a third of some 2,900 million net arable hectares.
Asia will be hard pressed to obtain the projected ratio of gross
cropped area per person. Africa and South America currently offer
the largest opportunities for expansion of agricultural production.
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the acid, alkali, chemical and
thermal resistance inherent to
polyolefins. Plus a consistently
low electrical resistivity in vari-
ous electrolytes.
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Dept. 500, 26 Main Street, Chat-
ham, N.J. 07928. (803) 879-2353
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tation process not only adds distinctive
flavors, which are prized in their own
right, but also often augments the con-
tent of riboflavin or other vitamins.
Sauerkraut and yogurt are familiar fer-
mentation products in American diets;
tempeh, ragi, sufu, shoyu, ang-kak, tea
fungus and mizo are among those eaten
in Asian countries.

More than a century ago Charles Dar-
win pointed out the important role of
earthworms in aerating and turning over
the soil. He estimated that an inch of
subsoil is brought to the surface by
earthworms every five years. Since Dar-
win’s time not much attention has been
paid to the valuable activities of worms
and other small animals in the soil.
One observer in Nigeria has found that
earthworm casts corresponding to a lay-
er of soil nearly a centimeter thick were
laid down in the course of a six-month
growing season.

Imost everywhere in the world the
modernization of agriculture will
require a large capital investment. In
many areas dams, barrages, canals and
watercourses need to be built to store,
divert and distribute river waters for ir-
rigation. Elsewhere large wells with mo-
torized pumps can be built to tap under-
ground reservoirs that are charged by
rainfall and runoff. Whether or not irri-
gation is needed, farmlands should be
properly drained, and that often re-
quires land grading and the construction
of drainage channels or underground
drains. Most villages in developing
countries need farm-to-market roads
for bringing in fertilizer and other farm

inputs and for transporting harvests.
Productivity per hectare will usually in-
crease if farmlands can be leveled or
graded, and in many places flood-pro-
tecting levees should be built. Large
numbers of vermin- and moistureproof
structures for crop storage, and also bet-
ter markets, are needed in most devel-
oping countries. Specialized farms for
multiplying the seeds of high-yielding
crop varieties must be established.

Most of the required capital facilities
can be constructed in densely populated
poor countries by human labor, with lit-
tle modern machinery; in the process
much rural unemployment and under-
employment can be alleviated. On the
other hand, heavy investment in ma-
chinery and materials will be required
for the manufacture of chemical fertiliz-
ers, pesticides and farm machinery.
During the next 25 years some 400 ni-
trogen fertilizer plants, each capable of
producing 1,000 tons of ammonia per
day (or a corresponding quantity of
urea) will be needed. The total cost will
be at least $40 billion. In 1967 the panel
on the world food supply of President
Johnson’s Science Advisory Commit-
tee estimated that doubling agricul-
tural production on currently cultivated
land in Asia, Africa and Latin America
would require the construction of pesti-
cide plants costing more than $1 billion.
In current dollars the cost would proba-
bly be twice as high.

In the tropical and subtropical areas
where most of the developing countries
are located the climate makes possible
growing two or three crops a year (wher-
ever enough water can be provided and

COSsT
(BILLIONS
TYPE OF INVESTMENT OF DOLLARS)

INCREASE TUBE-WELL CAPACITY 3.75
BY ONE MILLION CUBIC FEET PER SECOND .
CANALS AND SURFACE RESERVOIRS 16.50
ELECTRIFICATION FORWELLS 4.50
LAND LEVELING, GRADING, DRAINING 7.50
FERTILIZER PLANTS (550 MILLION 1.80
TONS OF NITROGEN PER YEAR) :
FLOOD CONTROL AND MAJOR DRAINS 5.00
RESEARCH AND EXTENSION; FACTORIES FOR
TOOLS, MACHINERY AND PESTICIDES; 2.50
MARKETING AND STORAGE FACILITIES

| TOTAL 46.55

LARGE CAPITAL INVESTMENTS will be needed for a major increase in crop yield in fa-
vorable regions. The table itemizes the investment that would be required to optimize agricul-
tural production on 50 million hectares in India. In order to feed the projected world popula-
tion of A.0. 2000 many multiples of investment on this scale must be made in Asia, Africa and
South America to transform potentially arable land into highly productive farms capable of
yielding two or more crops a year. Total cost of this modernization could exceed $700 billion.
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the soils are not too severely leached).
Besides greatly increasing food produc-
tion such multiple cropping will also in-
crease and stabilize employment. Annu-
aldouble or triple cropping will be feasi-
ble, however, only if the time required
to cultivate the fields between harvest-
ing one crop and planting another can be
reduced. In order to speed up plowing
and cultivating, the traction power now
supplied by farm animals may have to
be supplemented by small tractors. If
crops are to be harvested during the
rainy season, mechanical dryers will
also be needed. Experience in Pakistan,
India and elsewhere shows that such
farm machinery, together with motors,
pumps and casings for wells, can be con-
structed by small machine shops in rural
towns, using steel and other metals pro-
duced in centralized mills.

In traditional agriculture each village
is largely self-sufficient, and its social in-
stitutions, although often unjust and dis-
criminatory, have been forged by the ex-
perience of centuries. New institutions
are needed for modern agriculture:
banks that can provide loans at relative-
ly low interest rates and that the farmers
can invest their savings in, farm cooper-
atives for the purchase and distribution
of agricultural inputs and the marketing
of farm products, land-tenure systems
that will provide security of tenure to
tenant farmers and debt-ridden small-
holders, agricultural-extension systems
to help in the adoption of new technolo-
gies, government price policies that will
provide incentives for farmers to in-
crease their production, mechanisms for
the distribution and sale of consumer
goods to provide farmers with addition-
al incentives, easily accessible and well-
staffed schools that will teach the farm
children to read, write and do arithme-
tic, and communications systems be-
tween the cities and the countryside that
will help to break the crust of custom.

In traditional agricultural societies
grinding human labor and simple inher-
ited skills are the principal social factors
of production. These societies can be
thought of as partly closed ecosystems
in which most of the energy derived by
people and animals from the photosyn-
thetic product of plants is utilized to
grow and prepare food, which in turn
provides an essential energy input to
grow more food, and so on in an endless
cycle. The ecosystems are being disrupt-
ed by rapid population growth. I have
estimated that in rural India about 40
percent of the food energy contained in
the diets of men, women and children
over 10 years old is expended to main-
tain the food system. One of the purpos-
es of agricultural modernization should
be to relieve this human drudgery or, in
economic terms, to reduce the impor-
tance of human labor as a factor in agri-
cultural production.



One way to accomplish this is to in-
crease scientific knowledge of plant and
animal biology and of the environment
of water and soils, and to transform sci-
entific advances into practical knowl-
edge farmers can use. The world system
of agricultural research institutions is a
powerful mechanism for accomplishing
both of these tasks. It needs, however, to
be supplemented by a large increase in
basic biological research. Agricultural
biology could well be on the threshhold
of a major revolution, based on the new
techniques of recombinant genetics, in
which genes of diverse species are hy-
bridized, and of somatic-cell genetics,
in which single cells are manipulated in
special cultures.

Virginia E. Walbot of Washington
University has described the dramatic
possibilities of recombinant and somat-
ic-cell genetics. In present-day crop-
breeding programs the selection of use-
ful characteristics such as pest resist-
ance or high growth rate at subnormal
temperatures calls for the raising of tens
of thousands of whole plants. At least
one growing season is required for find-
ing the desired genetic strain, followed
by several more years for finding the
seed stock. In somatic-cell genetics mil-
lions of cells can be kept in a single test
tube, and the generation time is mea-
sured in hours or days rather than in
months or years. Resistant cells can be
selected in a single generation; selected
cells can then be cloned to create large
numbers of like individuals in a few
weeks. It is already possible to regen-
erate reproductively competent plants
from selected cells or from small tis-
sue clumps in approximately a dozen
species, including carrots, tobacco and
corn. Within the next few decades it
should be possible to introduce specific
genetic materials into a cereal cell that
would determine seed protein content
and composition, photosynthetic effi-
ciency, the partition of the photosyn-
thetic product between edible seed and
the rest of the plant, and the ability to fix
nitrogen.

One of the important discoveries of
recent years is that different crop plants
have different photosynthetic mecha-
nisms for fixing carbon. The photosyn-
thesis of rice and wheat makes mole-
cules with three carbon atoms, whereas
that of maize and sorghum makes mole-
cules with four carbon atoms; the for-
mer are called C; plants and the latter
C,4. C4 plants exhibit higher photosyn-
thetic efficiency and lower photorespira-
tion, that is, they are able to absorb and
utilize more sunlight while losing less of
the product of photosynthesis to oxida-
tion during the daylight hours. The C4
plants do particularly well at higher
temperatures; the C3 plants seem better
adapted to lower temperatures. Many
native desert species have evolved a
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third system for taking up atmospheric
carbon dioxide at night; it is known as
crassulacean acid metabolism (CAM)
from the fact that it was discovered and
studied in the Crassulaceae, a family of
fleshy herbs. Through this mechanism
the plants are able to drastically reduce
water losses during the daytime.

It may be possible through genetic

manipulation to combine the character--.

istics of the CAM and the C systems, or
to combine rice or wheat characteristics
with the higher photosynthetic efficien-
cy of C4 plants. By the year 2000 com-
pletely new crop species may have been
created by applied genetic research. An
ideal new crop species would produce
the edible portion of the plant with a
photosynthetic efficiency two or three
times higher than that of any existing
food grain; it would fix its own nitrogen,
preferably in the leaves rather than in
the roots; the protein in the edible por-
tion would have the balance of amino
acids needed by human beings, and the
plant would be water-saving, that is, it
would evapotranspire much less water
per unit of edible product than present-
day cereals. It would look and taste,
however, like a present-day cereal, and
it would be equally capable of being
made into bread or pasta or chapati.
(We have learned that people are very
conservative in their food habits.)

A the foregoing example indicates,
many of the factors of production
in agriculture are, or could be, inter-
changeable. The hypothetical new cere-
al species would require less cultivated
land, lessirrigation water and less chem-
ical nitrogen fertilizer than any existing
food crop to produce the same energy
content in edible substance. Neverthe-
less, because of the dispersed nature of
solar energy, the small fraction of sun-
light captured in photosynthesis and the
need of all plants to evapotranspire wa-
ter, arable, well-watered land would still
be needed.

The physiological requirement for
food energy of the average human being
is less than 2,500 kilocalories per day, or
roughly the quantity of food energy
contained in 700 grams of wheat, rice or
corn. In the U.S. Midwest the average
harvest of corn per hectare is usually
more than 240 bushels, or more than
6,000 kilograms, of edible substance.
This corresponds to about 60,000 kilo-
calories of food energy per hectare per
day. In other words, 24 human beings
can be fed from one hectare of high-
quality farmland worked at a level of
agricultural technology comparable to
that practiced in the U.S. Midwest.

By extrapolation, other things being
equal, the present world population of
four billion could be fed from 170 mil-
lion hectares. Yet for the world as a
whole at present nearly 1.4 billion hec-
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tares are cultivated to provide food, fi-
ber and other agricultural products.
There is one hectare of farmland for ev-
ery 2.9 living persons. There are several
reasons for the actual cultivated land
per person being eight times the calcu-
lated minimum. The land actually har-
vested during any particular year is
about half to two-thirds of the total cul-
tivated land; the remainder is temporar-
ily fallow or is in temporary meadows
for mowing or pasture. When chemical
fertilizers are not applied, much farm-
land must lie faliow for a year or more
to recover its fertility.

About 10 percent of the cropped area
is devoted to raising such nonfood crops
as cotton, tobacco, rubber, coffee, tea
and jute. Another large fraction is de-
voted to producing food for livestock
and poultry. Some of the livestock pro-
vide mechanical energy for cultivating
the farms; the products from the rest,
including butter, eggs, milk and meat,
are eaten by human beings. Livestock
and poultry consume from five to 10
times as much food energy as the energy
contained in their edible products. From
10 to 20 percent of all food grown is
destroyed by pests; a smaller fraction is
required for seed.

The principal reason, of course, that
so much more land than the hypotheti-
cal minimum of 170 million hectares
must be cultivated is the low level of
crop yields in most of the world. Instead
of six metric tons per cropped hectare
the average Indian or Pakistani farmer
harvests only a little more than a ton of
wheat or rice per hectare. A large part of
the world’s currently cultivated land is
less suitable for agriculture than the
rich, deep, flat and easily tillable soils of
the U.S. Midwest. More important, the
level of agricultural technology in the
developing countries, which account for
more than half of the cultivated land, is
very low.

The importance of climate and soil
characteristics is illustrated by the dif-
ferences in the farm value of crops in the
48 contiguous states of the U.S. In Illi-
nois and Iowa that value is more than
$130 per hectare of the state’s total area;
in Delaware and Ohio it is between $75
and $80; in Wisconsin, Mississippi,
South Carolina, Georgia and Tennessee
it is between $35 and $45, and in West
Virginia, Montana, New Hampshire,
Utah, New Mexico, Wyoming and Ne-
vada it is less than $10. Nearly twice as
much land is cultivated in Kansas as in
Indiana, but the total value of the crops
is higher in Indiana. The same number
of hectares are harvested in Minnesota
as in North Dakota, but the crop value is
70 percent greater in Minnesota. On the
other hand, the highest dollar yields
per hectare of cultivated land (between
$1,470 and $1,700) are obtained in Flor-
ida, California, Massachusetts and Ari-
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zona, four states that differ greatly in
soil types, climate and crops. Oranges,
grapefruit, tomatoes and sugarcane are
Florida’s principal cash crops; Califor-
nia grows grapes, hay, tomatoes and let-
tuce; Massachusetts produces cranber-
ries, hay, tobacco and apples, and Ari-
zona cotton, lettuce, hay and wheat. It is
evident that with proper management,
sufficient capital investment and satis-
factory markets high-yielding agricul-
ture can be achieved over much of the
U.S. in spite of the wide range of cli-
mates and soil types.

he land surface of the earth outside

the ice-covered areas of Antarctica
and Greenland has an area of 13 billion
hectares. Of this total 2.6 billion hec-
tares are nonarable because tempera-
tures are below freezing in nine or more
months of the year. In an additional 1.9
billion hectares there are fewer than
three months of the year when available
moisture, either from rain and snow or
from water stored in the soil, equals or
exceeds the potential evapotranspira-
tion from plants and the soil, and there
are no practical sources of irrigation wa-
ter. Climate alone, therefore, limits the
area of potentially arable land to 8.5 bil-
lion hectares.

The panel on the world food supply of
the President’s Science Advisory Com-
mittee concluded after an intensive
study in 1967 that only about 3.2 billion
hectares of the total 13 billion hectares
of the earth’s ice-free land surface can
be cultivated. The limitations are due
both to climate and to the physical char-
acteristics of the land surface. The panel
divided the soils of the world into 13
broad geographic groups. In six of these
groups, accounting for 75 percent of the
earth’s land area, most of the land is not
suitable for cultivation. The largest area
of nonarable land, 2.6 million hectares,
lies in mountainous or arid regions,
where the ground is rocky or covered
with stony and shallow lithosols. Non-
cultivable desert soils cover 1.7 billion
hectares. The highly leached, acid, dom-
inantly sandy podzol soils in the forest-
ed regions of the cool Temperate Zone
account for 1.6 billion hectares of non-
arable land. Another .7 billion hectares
of sandy, undifferentiated soils called
regosols are nonarable, and the entire .5
billion hectares of the Arctic tundra are
too cold for crops.

Next to the mountainous or arid
rocky regions, including the group of
lithosols, the largest geographic area is
covered by latosols: the reddish or yel-
lowish brown lateritic soils of the savan-
nas and forests of tropical and subtropi-
cal regions. These are the most severe-
ly weathered and leached soils in the
world. Many of them are low not only in
phosphorus but also in all the other
mineral nutrients necessary for plant
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creasing by more than 12 million
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Vivitar Series 1 Program

In recent years, remarkable prog-
ress has been made in solving
some of the classic problems of
optical design. Intensive work in
the field was spurred on by the de-
mands of space exploration and
military applications and vastly
aided by the growing sophistication
of computer technology.

Vivitar optical designers, working
with programs devised for highly
specialized optical tasks, have used
computer generated designs to de-
velop for" Vivitar a new series of
lenses capable of performance un-
reachable until now.

Each Vivitar Series 1 lens so far
introduced has represented a break-
through in optical design.

The Series 1 135mm 2.3 and the
200mm f3 lenses are both closer
focusing and faster than almost all
other lenses in their respective
focal lengths.

The 35-85mm f2.8 auto variable
focusing lens is a wide angle to
moderate telephoto lens that fo-
cuses as close as 10.9cm from its
front element.

The Series 1 90mm f2.5 macro
lens and its 3 element macro cor-
rector-lens adapter yield true flat-
field reproduction from infinity to
1:1. It may be the sharpest lens in
35mm photography.

The 28mm 1.9 gives the photog-
rapher a remarkable combination of
speed and close focusing capability
extremely rare in a wide angle lens.

And the 600mm f8 solid cata-
dioptric telephoto lens represents a
revolutionary advance in long tele-
photo design.

Eventually there will be a com-
plete optical system of more than
twenty Vivitar Series 1 lenses, each
demonstrably superior to other
lenses currently available.

Vivitar

_Marketed in the U.S.A. by
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growth: potash, lime, magnesia, sulfates
and nitrogen compounds. The extreme
form of the latosol is laterite, a soil high
in iron oxide that hardens irreversibly
when it is dried and exposed to the
air. Nonarable latosols cover 1.4 billion
hectares, yet the latosols also include the
largest area of arable land, more than a
billion hectares. For high-yielding agri-
culture, however, these soils must be ex-
tensively treated with various supple-
ments, including lime to reduce acidity,
and trace metals.

The highest concentrations of arable
land lie in the semiarid, subhumid and
humid grasslands of the middle lati-
tudes. These are the wheat-producing
chernozem soils and the corn-producing
brunizems, covering .5 billion arable
hectares. Next in quality are the alluvial
soils of great river valleys throughout
the world, with .3 billion hectares, either
actually or potentially arable, and the .2
billion arable hectares in the heavy
black grumosols and reddish terra ros-
sas, which are respectively the weather-
ing products of basic and calcareous
rocks in warm or hot climates with a
well-defined, seasonal rainfall. About
a fifth of the area of desert soils and a
sixth of the area of podzol soils are ara-
ble, and together they provide .75 bil-
lion hectares. All other soil groups ac-
count for .4 billion arable hectares.

The 3.2 billion arable hectares cover
24 percent of the land area of the earth,
about 2.3 times the currently cultivated
area and more than three times the area
actually harvested in any given year. Of
this total .3 billion hectares require irri-
gation for even one crop.

Irrigation agriculture represents man’s

principal deliberate use of water, but
at present it takes little of the available
supply. Slightly more than 1,000 cubic
kilometers, less than 4 percent of the
total river flow, now irrigates 160 mil-
lion hectares, which represents about 12
percent of the land area under cultiva-
tion. About 10 times 1,000 cubic kilo-
meters of water in the form of rain and
snow is evaporated and transpired each
year from the remaining 1.2 billion hec-
tares of the earth’s cultivated lands
and helps to grow food and fiber. Most
river waters flow to the sea almost un-
used by man, and more than half of the
water evaporating from the continents,
particularly the fraction of the evapora-
tion taking place in the wet rain forests
and semihumid savannas of the Tropics,
plays little part in human life.

The potential for irrigation develop-
ment is thus very large, but it is limited
by the uneven distribution of river run-
off between the different continents and
within different climatic zones on each
continent. Harold A. Thomas, Jr., Peter
Rogers and I have estimated that South
America, with less than 15 percent of

the earth’s land area, accounts for a |
third of the runoff, whereas Africa, with
23 percent of the land, accounts for only
12 percent of the runoff. Runoff from
Southwest Asia, North Africa, Mexico,
the U.S. Southwest, temperate South
America and Australia accounts for less
than 5 percent of the total, yet these re-
gions represent 25 percent of the total
land area.

As a result of the uneven distribution
of runoff only a third of the land that is
potentially arable with irrigation can ac-
tually be irrigated (reducing the total
potentially arable land to three billion
hectares), and the potential increase of
the gross cropped area (that is, the sum
of potentially arable areas multiplied by
the number of four-month-growing-sea-
son crops that could be raised in each
area) through irrigation development is
limited to 1.1 billion hectares. Without
irrigation three crops could be grown on
.5 billion hectares in the humid Tropics
and two crops on .8 billion hectares in
subhumid regions. One crop could be
grown without irrigation on 1.5 bil-
lion hectares. Hence the potential gross
cropped area without irrigation is 4.6
billion hectares and with irrigation is 5.7
billion. Of this total, however, 1.5 bil-
lion hectares lies in the humid Tropics—
where, except for the island of Java and
a few other areas with deep, recently
weathered soils, no technology is cur-
rently available for high-yielding agri-
culture on a large scale. The potential
gross cropped area accessible to rel-
atively high-yielding cultivation with
present technology is thercfore some-
what more than 4.2 billion hectares [see
illustration on page 168).

About 10 percent of the gross cropped
area would continue to be needed to
grow fibers, beverages and other non-
food crops, leaving a total of 3.8 billion
gross cropped hectares outside the hu-
mid Tropics for human food production
in the future. Making the conservative
assumption that lower-quality soils and
uneven topography would limit the av-
erage yields to half those obtained in the
U.S. Midwest, 11.4 billion tons of food
grains or their equivalent in food energy
could be grown on this potential gross
cropped area, enough for a minimum
diet of 2,500 kilocalories per day for
nearly 40 billion people (if pest losses
and nonfood uses could be kept to 10
percent of the harvest).

Besides arable lands, an additional 3.6
billion hectares of the carth’s surface
could serve for grazing livestock, with
an annual animal production of from 25
to 50 million live-weight metric tons.
This could provide an average of a few
grams of animal protein per person per
day for the expected world population
at the end of the 20th century.

Because their climates allow grow-
ing two or more crops a year over vast |
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regions, the largest potential gross
cropped areas are in the developing
countries of Asia, Africa and Latin
America, which could harvest crops
from gross cultivated areas outside the
humid Tropics of 1,100, 995 and 715
million hectares respectively. Realiza-
tion of this potential would require de-
velopment of irrigation for more than
700 million gross cultivated hectares in
addition to modernization of old irriga-
tion systems. It would also require soil
supplements for leached acid soils and
extensive use of chemical fertilizer to
avoid the necessity of fallowing for ni-
trogen accumulation on more than
1,500 million gross cultivated hectares.

The North American continent ranks
just below South America in potential
gross cultivated area, with 695 million
hectares. The smallest potentials for ex-
pansion are in Australia and New Zea-
land, Europe and the U.S.S.R. In spite
of its enormous size, 17 percent of the
entire land of the globe, the U.S.S.R.
contains only 355 million hectares, or
8.4 percent of the world’s potential gross
cultivated area. Sixty-five percent of this
potential is already cultivated, in con-
trast to 11 percent in South America and
17 percent in Africa. A large fraction of
the potential gross cropped area is also
cultivated in Europe (61 percent) and in
Asia (43 percent).

Population densities on cultivated
land are highest today in Asia and Eu-
rope, with .23 and .33 hectare per person
respectively, and lowest in Australia
and New Zealand, with an average of
one hectare per person [see illustration on
page 170]. The U.S.S.R. cultivates..94
hectare per person and North America
.75 hectare. Africa and South America
are intermediate, with .48 and .43 hec-
tare per person respectively. If all poten-
tial gross cropped hectares could be put
under the plow by the year 2000, the
harvested area per person would in-
crease on every continent, but only mar-
ginally in Asia, Europe and the U.S.S.R.
It would increase about threefold in
Australia, New Zealand, South America
and Africa.

It is obvious that many resources be-
sides arable land and water must be uti-
lized to increase world food production.
Torealize the earth’s full production po-
tential all resources must be available in
adequate quantities. Otherwise, in ac-
cordance with Justus von Liebig’s fa-
mous law of the minimum, one resource
will be limiting. Some abundant re-
sources can be substituted for scarce
ones, but there is no substitute for phos-
phorus in plant and animal metabolism.
It is therefore an essential component of
fertilizers for agriculture. Most of the
phosphates in fertilizers are ultimately
removed from the land and lost in hu-
man and animal wastes. Consequent-
ly many people have been concerned
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about the adequacy of future phosphate
supplies.

In 1968, 7.6 million tons of phospho-
rus went into fertilizer. To feed the ex-
pected world population of between six
and seven billion in the year 2000 it may
be necessary to raise the annual applica-
tion of phosphorus in fertilizer to be-
tween 30 and 40 million tons. With cur-
rent agricultural technology an increase
of farm yields by 100 percent would re-
quire an increase of 270 percent in the
tonnage of fertilizer.

Potential recovery of phosphorus
from the known reserves of high-grade
phosphate rock has been estimated at
18,000 million metric tons. At the ex-
pected rate of application by the begin-
ning of the 21st century, those reserves
would be used up in 450 to 600 years.
Additional reserves of lower-grade
phosphate rock are known to exist.
These have been estimated by mining
engineers to contain about eight times
the amount of phosphorus in the depos-
its that are economically minable today.
Phosphate of still lower concentration is
found in many different countries. With
foreseeable technology, however, the
higher costs of extracting the phospho-
rus from low-grade deposits would
cause a sharp rise in the cost of phos-
phate fertilizers and hence in the cost of
food. Eventually it may be less expen-
sive torecover all the phosphorus that is
now removed from the soil in crops and
in animal products, and to recycle it for
food production.

A large capital investment will be nec-
essary to realize the potential for irriga-
tion and high-yielding agriculture in the
developing countries. Cost estimates for
the development of 50 million gross irri-
gated hectares in India are shown in the
table on page 172. Even in this ancient
cultivated land, where much of the so-
cial infrastructure is already in place,
the required investment would be close
to $1,000 per hectare. Making the high-
ly uncertain assumption that costs else-
where in Asia, Latin America and Afri-
ca would be the same as in India, a total
of more than $700 billion would be
needed for irrigation development and
agricultural modernization on these
three continents, including the cost of
adding lime and other soil supplements
to the severely leached latosols. If this
investment were spread over 25 years,
the annual cost would be $30 billion,
less than 1 percent of the present gross
world product. Because of the shortage
of capital in the developing countries, a
large part of this investment would need
to come from the developed countries.
It would seem to be a small price for
the transformation in the lives of the
world’s poor (probably one of the neces-
sary conditions for reducing birthrates)
that could be brought about by the mod-
ernization of agriculture.
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The Amplification
of Agricultural Production

The new technology of the green revolution brings larger harvests

from a given area of farmland. The foundation of this technology is

the breeding of crops adapted to the needs of intensive agriculture

he modern rebuttal to the Malthu-

sian prophecy is the potential of

agricultural technology for great-
er yields, that is, for growing more food
on each acre of land under cultivation.
Some remarkable gains in productivity
have been achieved. The first large-scale
successes came in the 1920’s and 1930’s
in the developed countries of the Tem-
perate Zone. In the developing countries
of the Tropics and sub-Tropics, where
the need for higher yields is now the
most urgent, a comprehensive program
for increasing farm productivity has
only recently been established. It has al-
ready made substantial progress with at
least a few crops, notably wheat and
rice. The early successes of the program
earned it the name “green revolution.”

The central element in the endeavor
to improve yield is the breeding of new
varieties of crop plants. A first impera-
tive is the development of varieties
that produce abundantly when they are
grown in dense plantings and are sup-
plied with fertilizer, water and pesti-
cides. The plants can also be given other
desirable properties, such as resistance
to diseases and to insects and tolerance
of a wide range of climates, soils and
other environmental factors. In princi-
ple every heritable characteristic of the
plant is subject to the will of the plant
breeder.

Recent increases in wheat and rice
production in a number of developing
countries testify to the potential power
of plant-breeding programs. Even for
wheat and rice, however, the quest for

by Peter R. Jennings

improved crops is by no means finished,
nor can it ever be truly finished, and
there are many other crops in the devel-
oping world that demand equal atten-
tion. The green revolution did not solve
the problem of world food supply; rath-
er, it demonstrated an approach to a so-
lution, a method. That method can be
successful only if it is applied continu-
ously to crop improvement.

lant breeding has a long heritage in

those parts of the world that are to-
day considered less developed: all the
major food crops were domesticated
there. The farmers of the Neolithic peri-
od were adept at observing variations in
plant populations, selecting the seed of
the better specimens and replanting the
outstanding varieties. Constant selec-
tion pressure was applied over thou-
sands of years, and the plants that sur-
vived and reproduced were those fa-
vored by man. Progress was not rapid,
but the total contribution of the ancient
agriculturists rivals that of modern pro-
fessional plant breeders.

In the process of domestication, spe-
cies with great native variability were
introduced into innumerable environ-
ments, and the types that performed
best in each area were perpetuated.
Thousands of distinct varieties were
created, each one well adapted to some
limited area. Many of those varieties
have survived; for example, more than
30,000 kinds of rice have been collected.
The multitude of existing varieties is of
incalculable value today. Early peoples

HIGH-YIELDING RICE in experimental plots at the International Rice Research Institute
(IRRI) at Los Baiios in the Philippines appears in the aerial photograph on the opposite page.
IRRI was the first in a network of international institutes established to improve the yield of
crops in the developing countries. The essential element in this program was the development
of dwarf varieties of the cereal crops, including rice, that would respond to applied fertilizer.
Large numbers of plants are crossbred, and the resulting genetic types are evaluated for their
potential yield and for many other characteristics. A measure of the genetic diversity of the
crop is suggested by pattern in these fields: each stripe represents a breeding selection of rice.
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in the Tropics were largely responsible
for the creation and preservation of
what has become the greatest resource
of modern plant breeding: abundant
crop germ plasm.

The breeding methods devised by Ne-
olithic man remained standard until the
20th century, although in recent decades
they were applied more systematically
and with more sophistication. The tech-
nique is called pure-line selection. The
breeder begins with a mixed population
of plants and selects the seed of those
that appear to have the characteristics
he wants. The seed is grown, and from
the progeny the best seed is again select-
ed. Through explicit tests of the pure-
bred lines, such as exposure to drought
or to predation by a particular insect,
the most tolerant or resistant varieties
can be selected. When applied with dili-
gence and careful observation, pure-line
selection can result in considerable im-
provement. The fundamental limitation
of the method is that it exploits only
those genetic combinations that are
found in nature. If a desirable trait is
discovered, it can be utilized only in the
variety that happens to possess it, which
may have undesirable traits as well. The
pure-line method offers no way of trans-
ferring a trait from one line to another.

The modern era of plant breeding be-
gan at the turn of the century with the
rediscovery of the laws of inheritance
formulated by Gregor Mendel in the
1860’s. Those laws hold that inheritance
proceeds through the assortment of dis-
tinct and discrete traits determined by
genes. The genes behave as units that
segregate during reproduction and are
randomly redistributed in all possible
combinations in the offspring. The laws
of inheritance imply the possibility of
creating new combinations of genes,
and hence varieties not seen in nature.

The basis of a modern breeding pro-
gram is cross-pollination, or hybridiza-
tion. For naturally self-pollinated crops,

181



such as wheat or rice, the procedure be-
gins with two purebred lines, each of
which has traits considered valuable.
The two lines are cross-pollinated and
the resulting seeds are grown, the hybrid
progeny being termed the F; generation.
All the plants in the F, generation are
identical, but when they are inbred by
self-pollination, a greatrange of diversi-
ty appears in the next generation, which
is designated F,. The F, generation con-
tains an enormous number of new geno-
types: all the possible combinations
of the parental traits are represented.
Those that have inherited the desirable
characteristics of the parental varieties
are selected, and by repeated self-polli-
nation additional generations are grown
(designated F3, F4and so on). With each
generation additional selections are
made, eliminating the less desirable gen-
otypes. As the inbreeding continues, the
population becomes more stable, and by
about the Fg generation the selected
lines are essentially true-breeding. Be-
ginning with the F; generation the plants
are evaluated individually for disease
resistance, height, quality and many
other properties, and the selections are
guided by the results. Eventually field
trials of the true-breeding lines are un-
dertaken in various environments. The
end result is the selection of a single gen-
otype representing the optimum combi-
nation of the parental characteristics.
There are a number of variations on
the basic hybridization procedure that
are available to the plant breeder. For
example, additional genetic material
can be introduced into a line by crossing

a third parental variety with an F; hy-
brid, or by crossing two different F; hy-
brids. There are also a number of limita-
tions, the chief one being that in cer-
tain cases genes for different traits are
linked: they are close to one another on
a single chromosome and therefore tend
to be inherited as a unit. On the whole,
however, crop germ plasm has consider-
able plasticity, and with persistence and
sufficient resources a plant variety with
most of the desired characteristics can
be developed.

Plant breeding is largely a matter of
numbers: the more lines hybridized and
the more plants grown from each hy-
bridization, the greater the chance of
finding outstanding specimens among
the progeny. In recent years breeding
programs in the Tropics have become
very large. Hundreds of hybrids are pro-
duced each year and from them tens of
thousands of breeding lines are estab-
lished; millions of individual plants are
grown and evalualed. Moreover, in the
tropical environment it is possible to
grow two or three generations a year
under diverse conditions. Breeding proj-
ects in the U.S. tend to be much smaller.
The tropical programs work with a larg-
er volume of experimental material, and
they produce finished varieties faster.

he native, unimproved varieties of

crops such as wheat, rice and maize
are not inferior per se. Given the condi-
tions under which they have been
grown, they may represent the optimum
choice from among the available vari-
eties. Moreover, the farmers who have

grown them for generations are neither
backward nor incompetent; on the con-
trary, their practices reflect a sound ag-
ricultural and economic strategy.

In traditional agriculture the fertility
of the soil is often the factor that limits
growth. Nitrogen in particular is com-
monly in short supply, and the shortage
is severer in tropical soiis than_else-
where. The native crop varieties extract
nitrogen and other nutrients from the
soil with great efficiency. They develop
extensive root systems, drawing on a
large area of soil, and they exhibit vig-
orous growth, which suppresses weeds
that compete for the available nutrients.
Having been bred by traditional meth-
ods of selection for thousands of years,
they have acquired a precise, although
narrow, adaptation to the local condi-
tions, including peculiarities of the soil,
the water supply, the length of the grow-
ing season, average and extreme tem-
peratures and the photoperiod, or num-
ber of daylight hours, which is a func-
tion of latitude.

A native variety of a crop is rarely a
purebred line; instead it is a population
in which all the members may have sim-
ilar outward characteristics but have
varied genotypes. Populations of this
kind are called land races. The genetic
diversity of the land race can be of great
value to the traditional farmer, since it
confers at least partial resistance to in-
sect predation and disease, and partial
tolerance of environmental stresses such
as drought. If a crop becomes infected
with a particular disease, for example,
some of the strains in the land race are

PARENTAL VARIETIES AABBCC ———— X aabbCC

1

|
F, AaBbCC

,
F, AABBCC AABbCC AAbbCC AaBBCC AaBbCC AabbCC aaBBCC aaBbCC aabbCC
F, AABBCC AABbCC AABbCC AAbbCC AabbCC aabbCC
F, AAb‘bCC AAbbCC
\‘V 7

F, AAbbCC AAbbCC

CREATION OF HYBRIDS and selection from among their off-
spring are the basic techniques in the development of new crop vari-
eties. With rice the process begins with the cross-pollination of two
purebred lines of plants. Here the plants are shown as having genes
for just three traits (4, B and C), and each gene is assumed to have
only two forms (represented by uppercase and lowercase letters). The
progeny of the cross-pollinated plants are designated the F; genera-
tion; all these plants are identical and all of them have an equal share
of genes from each parental line. The plants of the F; generation re-
produce by self-pollination, and in their offspring (the F, generation)
a great range of genetic diversity appears. Here, where the parental
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varieties differ in only two traits (4 and B), the F; generation has
nine distinct genotypes; crop plants ordinarily differ in many more
traits, and large numbers of plants must be grown in order to sample
the multitude of possible genetic combinations. In the F; generation
the plant breeder can begin to select plants by saving the seed of those
that possess more desirable characteristics. In succeeding generations
the selection is intensified, and the population becomes more stable
as more and more plants are genetically uniform. Through hybridiza-
tion the best characteristics of many plant types can be incorporated
into a single variety. Here the genotype A4bbCC, which did not ap-
pear in either one of the parental rice varieties, has been selected.
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likely to be susceptible, but others may
well be resistant and will survive. More-
over, the nonuniformity of the plant
population tends to limit the maximum
numbers of pests and disease organisms
and thereby to prevent disastrous crop
failures. The net effect of this agricultur-
al system is to give the farmer a measure
of security. The strategy of the subsist-
ence farmer in particular is not to obtain
the greatest yield in the best of years;
instead he must ensure some yield even
in the worst years.

The main failing of the traditional ag-
ricultural system is that yields cannot be
significantly increased. The one reliable
way to obtain more crop per hectare is
to grow more plants per hectare, which
obviously requires that the plants be
placed closer together. With the unim-
proved types that is not possible because
of their characteristic large size and be-
cause they compete strongly for light
and nutrients. Moreover, the land could
not sustain the additional population of
a denser planting. The nutrient pool of
the soil would quickly be exhausted and
the plants would not receive enough
sunlight; as a result they would not de-
velop properly.

The solution to the problem of nutri-
ent depletion is chemical fertilization,
including a generous nitrogen supple-
ment; that is the only way to sustain the
higher plant density required for higher
yield. When a native variety is grown
with a large dose of fertilizer, however,
several new problems emerge. First,
most of the newly available nutrients
are employed not for increasing the edi-
ble portion of the plant but for vegeta-
tive growth. Leaf area increases greatly,
and because the plants are closely
spaced each one shades its neighbors; as
a result the overall photosynthetic effi-
ciency of the crop is reduced. With cere-
al crops an even more serious problem
arises. Because fertilization increases
the size of the plants in traditional varie-
ties, the grain is borne on a much-elon-
gated stalk. Long before the grain isripe
it has become too heavy for the straw,
and in wind or rain it “lodges’: the straw
bends or breaks and the grain falls to the
ground, where much of it is lost.

The problem of lodging and of exces-
sive vegetative growth has been solved
by breeding dwarf and semidwarf varie-
ties of the major grains. Indeed, the de-
velopment of these varieties is the very
heart of the green revolution. The dwarf
plants have short, upright leaves, so that
in dense populations the plants do not
shade one another. Their straw is also
short and stiff, and capable of support-
ing a full head of grain to maturity. The
root systems are relatively small, but
extensive root systems are not required
because fertilization ensures an ade-
quate supply of nutrients. Fertilizer is an
essential in the cultivation of the new
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GENEALOGY of selected modern rice varieties maps a complex sequence of hybridizations.
Most of the modern varieties are dwarf or semidwarf plants that can be planted in dense popu-
lations and heavily fertilized to attain high yields. Those whose names begin with the letters IR
were developed by IRRI; those with the letters CICA were developed by a collaboration of
national and international agencies in Colombia. The first of the modern types to be widely
adopted was IR 8; it was created by crossing Peta, a tall Indonesian rice known for vigorous
growth and other desirable properties, with Dee-geo woo-gen, a dwarf variety from Taiwan.
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varieties; without it they do no better
than the traditional types, and they may
do worse. Although some of the varie-
ties have a broad resistance to diseases
and pests, chemical pesticides are fre-
quently applied, and management of
weeds and the water supply is also nec-
essary. These requirements add to the
cost of growing a crop, but the invest-
ment is amply repaid by the increase in
productivity.

he transformation of tropical agri-
culture began in Mexico in 1943, in
a cooperative project sponsored by the
Rockefeller Foundation and the govern-
ment of Mexico. The goal of the project
was to increase production of the ba-
sic food crops in Mexico, and initially
much emphasis was placed on improv-
ing spring wheat. The methods and the
mode of organization employed in this
early program have strongly influenced
the subsequent course of development
elsewhere.
A small staff was assembled, consist-
ing mainly of Mexican nationals and in-

cluding specialists in several disciplines
(plant breeding, plant pathology, soils,
entomology and farm management) and
communications specialists who would
serve as intermediaries between the re-
search station and operating farms. A
simple and pragmatic goal was set: to
quickly obtain a large increase in na-
tional wheat production. All other con-
cerns were subordinated to this goal. An
important feature of the Mexican pro-
gram was the formation of interdiscipli-
nary teams in which each member con-
tributes expertise in his own field. This
approach to agricultural research differs
from that of most institutions in the
U.S., where plant breeders are often iso-
lated from their colleagues in related
fields. In Mexico the emphasis on inter-
disciplinary teams was to a large extent
responsible for the success of the pro-
gram, and the same plan of organization
has been adopted by most other crop-
improvement programs in the Tropics.

The Mexican wheat team immediate-
ly set about collecting genetic resources.
Lines of wheat were acquired from all
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RESPONSE TO FERTILIZER is the most important factor contributing to improved yields
of cereal crops. The response is markedly different for IR 8 (color), a modern dwarf variety,
and Peta, a tall traditional type. In the absence of nitrogenous fertilizer Peta may be superior
to IR 8, but the yield of both varieties is low. When Peta is heavily fertilized, however, it be-
comes too tall, and the stalk can no longer support the head of grain. The plant is then subject
to “lodging”: the stalk bends or breaks and the grain falls to the ground, greatly reducing the ef-
fective yield. IR 8 has a short, stiff stalk capable of holding the grain aloft until it is harvested.
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regions of the Western Hemisphere and
from East Africa, the Middle East
and South Asia. Crosses between these
lines and native Mexican wheats were
screened for yield, for insect and disease
resistance and for range of adaptation,
particularly with regard to photoperiod
and temperature. The critical lodging
problem was solved in 1953 with the
successful crossing of Mexican varieties
and North American semidwarf wheats.
The dwarf genes in the American types
were derived in turn from a group of
Japanese semidwarf types called Norin.
When the first semidwarf varieties were
introduced, productivity had already
been substantially improved; the short-
statured wheats brought an additional
large increase in yield.

In the 1940’s Mexico had been im-
porting half of the wheat it consumed in
order to make up a deficit in production;
yields averaged 750 kilograms per hec-
tare. By 1956 the nation was self-suffi-
cient in wheat in spite of a large increase
in population. By 1970 yields had
reached 3,200 kilograms per hectare.

From the start of the wheat-improve-
ment project the screening of experi-
mental varieties included field tests
overseas, in which the improved Mexi-
can selections were crossed with local
varieties. By the mid-1960’s the success
of this program had been demonstrated,
largely because of the broad environ-
mental adaptation of the varieties. Be-
ginning in 1966 seed was exported in
quantity, mostly to India, Pakistan and
Turkey. Record harvests were achieved
almost immediately.

The second great triumph of tropical
plant breeding came with rice, after the
establishment in 1960 of the Interna-
tional Rice Research Institute (IRRI)
in the Philippines. The approach taken
was similar to the one that had proved
successful in Mexico. Again interna-
tional and interdisciplinary research
teams were assembled, and again a
pragmatic goal of improving yield on
the farm was given the highest priority.
Germ plasm was acquired from all the
rice-growing nations of the world; the
institute’s collection now contains more
than 30,000 varieties. It was soon recog-
nized that the first requirement would be
a short-statured rice that could be plant-
ed in dense populations, that would
resist lodging and that would respond
to heavy fertilization by increasing the
production of grain rather than foliage.

It is worth considering in some detail
the procedures and problems involved
in such a breeding program. Both rice
and wheat are naturally self-pollinating,
and hybridization is a delicate and time-
consuming procedure. Each floret on
the plant must be opened and the pollen-
bearing anthers removed before they
mature. Later, anthers from the chosen
parental variety are broken over the
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stigma in each floret, and the entire flow-
er cluster is enclosed in a bag to protect
it from stray pollen.

The resulting hybrid seed, which
yields the F; generation, is generally
grown under protected conditions, but
the Fy and later generations go to sever-
al outdoor nurseries and to greenhouses
where the plants are exposed to con-
trolled stress. In the F3 and later genera-
tions the performance of all selections is
determined in the field under standard
conditions, for comparison with that of
other lines, and the range of adaptation
of the plants may be checked by evalua-
tion in other parts of the world. If a par-
ticular trait is being sought, such as re-
sistance to a known virus, then a series
of test screenings, involving several gen-
erations, is undertaken. The results of
any of these procedures may indicate
the need for further genetic manipula-
tion. Finally, a successful experimental
variety must be grown in farmers’ fields
in a variety of geographic and climatic
regimes, and its performance must be
analyzed both agriculturally and eco-
nomically. Because the development
process is elaborate and because many
generations of rice must be grown to
maturity, the creation of a new variety
requires several growing seasons.

The first improved dwarf varieties of
rice were released by IRRI in 1966; they
immediately transformed rice culture in
the Philippines and were soon widely
adopted in the lowland regions of Asia.
One variety in particular, designated IR
8, gained widespread celebrity. It has
the potential for high yield when proper-
ly fertilized and cultivated, it is insensi-
tive to photoperiod and it is adapted to
a broad range of growing conditions.
Moreover, it matures in 120 days in-
stead of the 160 days required for many
unimproved types. Because of the earli-
er maturity two crops a year can be
grown in some regions.

More recent varieties developed by
IRRI and several national research pro-

grams incorporate other desirable traits.
It had become obvious early in the histo-
ry of the program that disease resistance
is of paramount importance: the fields
of the institute itself were decimated by
plant viruses. Some recent lines com-
bine resistance to several of the bacteri-
al, viral and fungal diseases of rice and
to the insects that both damage plants
directly and serve as vectors of the vi-
ruses. The discovery of parental stock
resistant to these pests and diseases re-
quires mass screening of 10,000 or more
varieties, followed by hybridization to
incorporate the resistance genes into im-
proved types. Lines have been estab-
lished that are tolerant of drought and
of adverse soil conditions. Ongoing pro-
grams match the characteristics of the
grain to the preferences of consumers
and increase the protein content of the
grain. Finally, in a few varieties the
growing season has been reduced to 100
days, which in some irrigated regions
makes triple cropping feasible.

hen the Mexican wheat-improve-

ment program was established, a
parallel program to increase yields of
maize was also begun. Maize is grown
widely by subsistence farmers in Latin
America, and also in Africa and in some
parts of Asia. Yields have traditionally
been low.

It was in maize that the methods of
20th-century plant breeding were first
successful in the developed countries,
and particularly in the U.S. The im-
portant contribution was a method for
the commercial production of hybrid
maize, which was devised in the 1920’s
and 1930’s; by 1950 hybrids had been
almost universally adopted in the U.S.
corn belt. Yields increased roughly five-
fold in less than 20 years.

For farmers in the developing nations
the cultivation of hybrid maize does
not appear to be practical. The hybrids
grown are of the F, generation, and all
the plants in a given population are ge-

netically uniform. Such uniformity in-
creases the vulnerability of the crop to
diseases and insects, and in the Tropics
those stresses are particularly severe.
Hybrid maize has another disadvan-
tage: for F; hybrids new seed must be
produced each year by the deliberate
crossing of carefully maintained purc-
bred lines. The developing countrics
lack the facilities for producing the secd
or for distributing it, and subsistence
farmers may not be able to afford the
recurrent cost of seed. The traditional
practice since Neolithic times has been
to save a portion of the harvest as seed
for the next crop.

Methods for breeding maize are dif-
ferent from those for wheat or rice.
Maize bears separate male and female
flowers, as opposed to the perfect flow-
ers of most cereal crops, and under natu-
ral conditions it is almost always cross-
pollinated. Lines that are deliberately
inbred soon become weak and stunted.
The hybrid varieties grown in the U.S.
were developed explicitly to counteract
this tendency, but the maize-develop-
ment program in Mexico has placed lit-
tle emphasis on the creation of hybrids.
Instead populations of plants have been
developed that are in effect land races
composed of much-improved individu-
als. The plants in a given population are
similar in appearance and are uniform
in properties such as length of growing
season, but they are genetically diverse.
The plants are grown and pollinated by
natural methods for several generations,
with only the seed of the favored indi-
viduals saved at each harvest. In this
way the frequency of desirable genes in
the population gradually increases, al-
though a given gene is not likely to be
present in every plant. Deliberate cross-
breeding is still a basic element in the
improvement program, but the object is
merely to incorporate new traits into the
heterogeneous population, not to create
a purebred variety.

As in the breeding of wheat and rice,

VARIETY | STATURE DISEASE RESISTANCE INSECT RESISTANCE GROWING
SEASON
T T
BLAST BACTERIAL | GRASSY | TUNGRO GREEN BROWN STEM
FUNGUS BLIGHT STUNT VIRUS LEAF- PLANT BORER
VIRUS HOPPER | HOPPER

IR8 DWARF 120 DAYS
IR 20 DWARF 120 DAYS
IR 26 DWARF 120 DAYS
IR 28 DWARF 105 DAYS
| RESISTANT

MODERATELY RESISTANT
MODERATELY SUSCEPTIBLE

SUSCEPTIBLE
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DESIRABLE PROPERTIES incorporated into rice varieties through the breeding programs
at IRRI and other institutions include short stature, which has a direct effect on yield; resistance
to diseases and insect pests, and a short growing season. IR 28, a variety released in 1974, has
broad disease and pest resistance and a growing season shorter than that of most traditional
varieties. Because of the earlier maturity some farmers can grow two crops a year or even three.
Other characteristics that are shared by some or all of the new rice varieties include insen-
sitivity to photoperiod (the number of hours of daylight) and tolerance to inhospitable soils.
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a first objective in the maize-improve-
ment program was the breeding of
plants that could be grown in dense
plantings and that could be fertilized
without danger of lodging. This was ac-
complished by literally shifting the cen-
ter of gravity of the plant: crossbreeding
tall, tropical plants with dwarf varieties
has produced a shorter plant that bears
the ear of grain lower on the stalk. The
improved populations also have shorter
leaves, and the leaves remain upright.
Genes that confer resistance to disease
and insects have been bred into some of
the better populations. As a result of
these changes it has been possible to in-
crease the crop density from 50,000
plants per hectare to more than 100,000.

For many years it appeared that
broadly adapted varieties of maize
could not be created. Instead separate
populations were developed for various
altitudes, latitudes and growing seasons.
Since about 1970, however, some popu-
lations with a fairly wide range of adap-
tation have been created. Sensitivity to
photoperiod, for example, has been re-
duced by crossbreeding selected varie-
ties from different latitudes. In some
cases broad-spectrum disease resistance
has also been achieved.

Progress in maize improvement has
not been as rapid as that in wheat and
rice, but it has not been negligible. In
Mexico productivity has doubled, and
the technology has been exported to Af-
rica and Asia.

he results of the programs outlined
above must be considered encour-
aging, but one should remember that

they concern only three crops and that
they have reached only limited areas of
the world. Continued progress can be
achieved only through continued re-
search directed toward eliminating con-
straints on productivity.

Ralph W. Cummings of the Rockefel-
ler Foundation recently published a sur-
vey of the state of food-crop technology
in the low-income countries. He com-
pared the average annual gain in pro-
duction for 15 basic commodities dur-
ing two periods, 1961 through 1965 and
1971 through 1973. His findings give a
rough indication of the contribution
of research to food production since
World War II. Two conclusions emerge
from the study. First, an evaluation of
the status of research on the major food
crops indicates that in almost all cases
research is “seriously inadequate” or
“critically inadequate.” Only the spe-
cialized areas of irrigated rice and irri-
gated spring wheat were considered to
have received adequate research atten-
tion. Second, annual gains in production
of seven crops (cassava, white potato,
soybeans, cowpeas, broad beans, maize
and wheat) were greater than 2.5 per-
cent, and thus equaled or exceeded
the rate of population growth. Most of
those gains, however, resulted from in-
creases in the area under cultivation. Al-
though exceptions were noted in some
countries, for the most part the increases
in production could be attributed to
higher yields—and hence to agricultural
research—for only two crops: irrigated
rice and irrigated wheat. The remaining
crops in the survey—sorghum, pigeon
peas, dry beans, chick-peas, ground

nuts, sweet potatoes and millets—failed
to keep up with population growth in
both total production and productivity.

The prospects for immediate im-
provement in the national agricultural
research programs of the developing
countries are not encouraging. Salaries
and research funds are inadequate, and
few who are qualified are attracted to
careers in agriculture. Many who start
in agricultural research turn elsewhere
for better salaries, weakening the lead-
ership and continuity of the programs.
Unfortunately the growing need for
trained plant breeders in the developing
countries coincides with a decline in the
practicality of plant-breeding instruc-
tion available in the developed nations.
In the U.S,, for example, publicly sup-
ported plant breeders, as opposed to ge-
neticists, are becoming rare, and excel-
lence in postgraduate training in applied
breeding is to be found at only a few
institutions. Specialized research in ge-
netics will someday contribute to varie-
tal development and to higher farm pro-
ductivity, but in the meantime tradition-
al fieldwork in plant breeding must not
be allowed to deteriorate.

A new threat to the well-being of crop
research is the attitude of those who,
rightly impressed by the advances of the
past decade, have come to believe that
there is a surplus of useful knowledge
and that all that remains is to deliver the
new varieties and cultural practices to
the farmers. Some concerned with the
allocation of resources in the developing
countries have advocated a shift in fi-
nancial support from research to exten-
sion services. That position is unrealis-

RESEARCH IN DRY AREAS  (ICARDA)

BEANS, OILSEEDS, COTTON

INSTITUTE AREAS OF RESEARCH FUNDED LOCATION
INTERNATIONAL RICE RICE 1960 PHILIPPINES
RESEARCH INSTITUTE (IRRI)

INTERNATIONAL MAIZE AND WHEAT WHEAT, MAIZE, BARLEY, TRITICALE 1966 MEXICO
IMPROVEMENT CENTER (CIMMYT)

INTERNATIONAL INSTITUTE OF CORN, RICE, COWPEAS, SOYBEANS, 1968 NIGERIA
TROPICAL AGRICULTURE (IITA) LIMA BEANS, ROOT AND TUBER CROPS

INTERNATIONAL CENTER OF FIELD BEANS, CASSAVA, RICE, 1969 COLOMBIA
TROPICAL AGRICULTURE (CIAT) CORN, FORAGES, BEEF PRODUCTION

INTERNATIONAL POTATO POTATOES 1972 PERU
CENTER (CIP)

INTERNATIONAL CROPS RESEARCH INSTITUTE SORGHUM, MILLETS, CHICK-PEAS, 1972 INDIA
FOR THE SEMI-ARID TROPICS (ICRISAT) PIGEON PEAS, GROUNDNUTS

INTERNATIONAL LABORATORY FOR LIVESTOCK DISEASES 1973 KENYA
RESEARCH ON ANIMAL DISEASES (ILRAD)

INTERNATIONAL LIVESTOCK CENTRE AFRICAN LIVESTOCK 1974 ETHIOPIA
FOR AFRICA (ILCA)

INTERNATIONAL CENTRE FOR AGRICULTURAL WHEAT, BARLEY, LENTILS, BROAD (PLANNED) LEBANON

AGRICULTURAL RESEARCH in the developing countries is con-
ducted by a network of international institutes in cooperation with
national research programs. Each of the institutes is concerned with
particular crops (or livestock), and some of them confine their inter-
est to a particular region or climatic regime. All the crop research
institutes employ an interdisciplinary approach in which plant breed-
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ers, plant pathologists, entomologists, economists and others work to-
gether to improve the productivity of crops in farmers’ fields. Since
1971 the institutes have been funded in large measure by the Con-
sultative Group on International Agricultural Research (CGIAR),
which is an association of national governments, specialized agen-
cies of the United Nations and private philanthropic foundations.
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ment continued at Bell Labs.

They discovered that laser light, shined
on an optical fiber at an angle perpendicular
to its axis, casts a characteristic light pattern.
They were able to correlate this pattern to
changes in the fiber’s diameter. And to build |
an automatic feedback system into existing
fiber drawing machines to control it.

The result is ultrasmooth glass fiber
with a diameter varying no more than thirty-
millionths of an inch.

Bell System engineers have found
practical ways to fashion the fibers into cables
that can be pulled through underground ducts,
and to splice them with negligible light loss in
the real world of manholes and city streets.

Benefit: Today, an experimental lightwave
system is being tested at a Bell Labs-Western
Electric facility in Atlanta. In the early 1980’s,
lightwave communications will probably be
used to relieve cable congestion between
major telephone switching centers. And as it
proves competitive with other technology,
1t will spread throughout the telephone
network.
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RICE PRODUCTION in Colombia rose sharply following the introduction of improved dwarf
varieties in the late 1960’s. The varieties were developed jointly by the International Center of
Tropical Agriculture (CIAT), the rice-improvement program of the Colombian government
and the Colombian National Rice Growers’ Federation. The dwarf lines were first planted in
1968, and by 1974 they were being cultivated on virtually all of the land in Colombia that
was sown to irrigated rice. By 1975 the annual production had increased by almost a million
metric tons over the rate that had prevailed before the breeding program went into operation.
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INCREASED YIELD of Colombian rice is almost entirely responsible for the increase in pro-
duction. That the improvement in yield was brought about by the adoption of improved varie-
ties is suggested by the fact that only irrigated rice is affected. Upland rice varieties, which
are grown without irrigation, were not included in the country’s rice-improvement project.
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tic. As we have seen, most of the crops
of the Tropics have not yet approached
their potential yield. Even after produc-
tivity goals have been attained crop re-
search must go on. An established vari-
ety of a crop plant exists in continu-
ous coevolution with the organisms that
compete with it and prey on it, and re-
sistance cannot be maintained indefi-
nitely. In tropical agriculture the pres-
sures of disease, insects and weeds are
intense, and new varieties remain useful
only about half as long as they do in the
Temperate Zone. Plant breeders must
work that much harder to keep up.

n spite of these portents I believe that
recent developments in agricultural

research give reason for optimism. By
far the most important factor is the cre-
ation of a new network of international
agricultural institutes that work closely
with national research programs. IRRI,
founded in 1960 and initially supported
by the Ford Foundation and the Rocke-
feller Foundation, was the first of these
institutes. The second was formed in
Mexico in 1966 when the wheat- and
maize-improvement programs begun in
the 1940’s were consolidated in the In-
ternational Maize and Wheat Improve-
ment Center, or CIMMYT (from the
Spanish name Centro Internacional de
Mejoramiento de Maiz y Trigo). CIM-
MYT too was initially funded by the
Ford and the Rockefeller foundations,
which also helped to establish an Inter-
national Institute of Tropical Agricul-
ture (IITA) in Nigeria and an Interna-
tional Center of Tropical Agriculture
(CIAT) in Colombia. In 1971 the fi-
nancial support of these organizations
was assumed by a consortium of donors
organized as the Consultative Group on
International Agricultural Research
(CGIAR). The sponsors of the CGIAR
are the World Bank, the Food and Agri-
culture Organization of the United Na-
tions and the United Nations Develop-
ment Program, but several nations and
private philanthropic foundations are
also members. The CGIAR has funded
four more institutes, including two con-
cerned with livestock, and an additional
crops research institute is planned. In
1976 the eight existing institutes have
been pledged $65 million by the mem-
ber governments and agencies of the
CGIAR.

The research programs of the interna-
tional institutes are organized on a pat-
tern that is now familiar. Teams of
young career investigators representing
several disciplines are brought together
to work on a common problem. Their
objectives are simple and pragmatic: to
identify the factors that most severely
limit yield and to alter them in such a
way as to increase production. Each of
the institutes has a limited sphere of in-
terest, confined either to a region or to
a particular crop or group of related
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crops. New technology is evaluated in the methods and materials of practi-
on farms in many countries, ensuring cal plant research.

broad applicability and encouraging the The concept of the multinational, in-
participation of national agricultural terdisciplinary research team in agricul-
agencies. Finally, through the routine ture may ultimately prove to be the
work of the institutes scientists from the most significant contribution of the
national research programs are trained institutes. The need for plant-breeding
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Money for all the things it takes to
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keep agriculture at full capacity,
able to feed and help clothe the
other 95% of our population . . . plus
untold millions in other lands.

. ’/7;///'///
8l LAND BANK

Assocralion
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You ARE INVITED
to send for a
free, illustrated
brochure which
explains how
your book can
be published,
promoted and
marketed.

Whether your subject is fiction,
non-fiction or poetry, scientific,
scholarly, specialized (even con-
troversial) this handsome 52.
page brochure will show you how
to arrange
for prompt
publica-
, tion,

Unpublished

authors, espe-

cially, will find

this booklet val-

uable and in-
formative. For your free copy, or more
information, write to:

Vantage Press, Inc., Dept. F-53
516 W. 34 St., New York, N.Y. 10001

WE APOLOGIZE to those who have waited 15
years for usto say it, but now we can say . . .

f/'/m//y !
Loglan is;ready

Two books were published this year:

®Loglan 1: A Logical Language, a grammar and
general introduction; 316pp; $7.80 hardback/
$4.80 paper.

elLoglan 4 & 5 A Loglan-English/English-Loglan
Dictionary, 16,000 English/4000 Loglan terms;
532pp; $9.80 hardback/$5.80 paper.

To those who haven’t been waiting these 15 years:

Loglan was developed to test the Sapir-Whorf Hypothesis
that language limits thought. It does so by pushing those
limits outwards in some interesting new directions. For
instance, Loglan is:—

— syntactically unambiguous (you've got to say what
you mean and mean what you say);

— metaphysically parsimonious (its grammar makes the
fewest possible assumptions about the world);

— logically powerful (its grammar is symbolic logic
made speakable);
culturally neutral (its word-stock has been drawn
from eight natural languages); and

— very easily learned (its grammar is about a tenth the i
size of English).

Its aficionados already believe that learning Loglan
“blows your mind.” But research on this and other
Whorfian questions has been waiting for the tools. Now
we can invite you to join us in doing it.

Loglan, in short, is for researchers, world language buffs,
and people interested in finding out whether learning a
radically different second language really does expand
their minds.

The Loglan Institute, Inc.
P.0. Box 1785, Palm Springs, Cal. 92262

Please enclose your check with your order.

Add $1.00 for postage and handling to each order.
California residents please add sales-tax.
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teams is critical in the humid Tropics,
where the biological constraints on farm
productivity are diverse and severe. The
international teams not only have made
direct contributions through the insti-
tutes but also have helped to revitalize
some national research programs. Hun-
dreds of investigators, working at exper-
iment stations in their own countries af-
ter training six months to a year at one
of the institutes, form a corps of produc-
tion-oriented workers around whom na-
tional research programs are growing.
They evaluate the findings of the insti-
tutes in their own countries, modify
them as needed and form a direct link
between the institutes and the farmers.

he early successes of the green-revo-

lution crops were exhilarating be-
cause they demonstrated the enormous
potential of tropical agriculture. There
have been a few more demonstrations of
the power of technology to transform
both the land and the people who live on
the land; one of them involves the grow-
ing of irrigated rice in Latin America.

The rice varieties developed by IRRI
have been widely adopted in Asia, but
they require further adaptation before
they can be planted in other parts of the
world. In 1967, in an effort to extend the
new methodology to Latin America, an
IRRI rice breeder was transferred to
CIAT in Colombia. At the same time
several Colombian workers were sent to
IRRI in the Philippines and elsewhere
for academic and practical training in
aspects of production research. A com-
prehensive regional breeding program
was established jointly by CIAT and the
Colombian government in collabora-
tion with the Colombian National Rice
Growers’ Federation. Liaison with na-
tional research programs in other Latin-
American countries was established by
training more than 90 foreign nationals
in Colombia, who returned to their own
countries to evaluate the latest plant-
breeding materials and cultural prac-
tices under the conditions that were pre-
vailing there.

The collaboration of an international
institute, a national research program
and an organization representing pro-
ducers developed technological “pack-
ages” that were tested directly on farms.
Several new dwarf varieties were re-
leased by the program in Colombia, and
others were developed in other coun-
tries from material distributed by the
Colombian project:

The program was successful not only
in the development of new rices with a
potential for high yields but also in in-
troducing the new varieties into the na-
tional agricultural system and actually
achieving those yields. In Colombia the
first plantings of improved rice were
made in 1968. By 1974 more than 99

I percent of the land area growing irrigat-
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ed rice was planted to one of the im-
proved dwarf lines.

The impact of the new technology is
readily measured. Yield hasrisen from
less than three metric tons per hectare
to 5.4 metric tons, so that each hec-
tare planted to the new varieties pro-
duces 2.5 metric tons of additional
grain. Total production increased from
680,000 metric tons in 1966, the year
before the program began, to 1,632,000
metric tons in 1975. Almost all the in-
crease was accounted for by improved
yield. The value of the additional crops
harvested through 1974 was about $450
million. Varieties derived from the Co-
lombian project were also successful in
Mexico, Ecuador, Peru, Venezuela and
in Central America. Throughout the re-
gion the 1974 harvest was increased by
1.5 million metric tons of grain.

For many of the noncereal crops im-
provement remains more a matter of
manifest potential than of accomplish-
ment. An example is cassava, a root
crop known in the U.S. mainly in the
granulated form called tapioca, but a
dietary staple in many tropical coun-
tries. Cassava was largely neglected un-
til CIAT in Colombia and IITA in Nige-
ria recently undertook to improve it. It
has the potential for enormous yields,
up to 50 tonsper hectare, and grows well
even in relatively poor soils. In actual
production, however, yields are general-
ly less than 10 tons per hectare.

The technology required for cassava
improvement is rapidly being acquired.
Breeding teams from the international
institutes, in collaboration with national
programs, are developing high-yielding
varieties and the cultural practices that
must accompany them. Yields of from
30 to 40 tons per hectare have been ob-
tained on farms in a wide range of envi-
ronments. It is a rule of thumb that when
farm trials yield from two to three times
the national average, there is a potential
for rapid growth in regional production.
A remaining need is a technique to re-
duce storage losses of freshly harvest-
ed roots. When that becomes available,
cassava production should increase.

The recent transformation of irrigat-
ed rice culture in Colombia is a compel-
ling argument for the value of crop re-
search. Indeed, it suggests that the best
investment the international community
can make in the developing countries is
in agricultural research aimed at in-
creasing the productivity of food and
other crops. Since 1967 the annual ex-
penditure on rice research and related
activities by CIAT, the Colombian gov-
ernment and the Colombian Rice Feder-
ation never exceeded $1 million. In Co-
lombia alone and in one year alone,
1974, the added production resulting
from the introduction of the new tech-
nology was valued at $230 million. That
is a splendid return on any investment.
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The Development of Agriculture
in Developing Countries

The poor countries can feed themselves if their agriculture is

modernized and their rural economies are restructured. That

requires infusions of technology and capital from rich nations

to be fed, the food will have to come
from their soil, their resources and
their farm economies. The surplus pro-
duction of a few exporting countries can
serve on occasion to buffer the impact of
bad weather or other calamities, natural
or man-made, but there should be no
illusion that the world’s food security
can be ensured by abundant harvests
from the fields of Kansas and Saskatche-
wan, Argentina and New South Wales.
Very few of the developing nations give
evidence of having understood that food
independence is an internal affair, and
that if agricultural development is given
priority, it can lay the foundation for
modernizing an entire economy. The
rich industrial nations have also not ful-
ly recognized that such development, on
which depend both the world’s future
food supply and an easing of the tension
between the rich and the poor, calls for a
massive transfer of technology and capi-
tal from rich to poor countries.
Alternatives have been suggested, to
be sure. One, known euphemistically as
the lifeboat analogy, holds that the earth
can support only a limited number of
people and that those of us who are safe-
ly aboard must not jeopardize our abili-
ty to survive by extending a helping
hand to the billions of others who would

If the people of the poor countries are

by W. David Hopper

swamp the vessel. A modified version of
this ethic is called triage, after the battle-
field aid-station practice of categorizing
the wounded in three groups: those like-
ly to survive without immediate atten-
tion, those likely to die in any case and
those who can be saved if they get im-
mediate attention. Under this rule some
countries would receive help but the
Bangladeshes of the world would be
abandoned. Both of these approaches
seem to me almost as impractical (dying
countries are not as easy to dispose of as
drowning people or stretcher cases) as
they are indecent.

A third suggestion, infinitely more hu-
mane, is based on the fact that rich pop-
ulations consume about five times as
much grain as poor ones because they
process most of it into meat—an ineffi-
cient conversion. If North Americans
were to reduce their bloated diets by
about a third, the argument goes, they
would make 78 million metric tons of
cereal grains available to those who
need it. The trouble with this is that
the 78-million-ton dividend would be
reduced as the American population
grows and would soon fall behind the
growing populations and rising stan-
dards of food consumption in the de-
veloping countries; this form of dis-
tributive economics cannot for long do

IMMENSE POTENTIAL of the developing countries in the tropical and subtropical regions
of the world for producing their own food is suggested by the LANDSAT composite image on
the opposite page, which shows part of the two-million-acre Gezira irrigation complex in
the Sudan. (The area included in this view is roughly S0 percent larger than other full-page
LANDSAT scenes in this issue.) The irrigation works here, located in the fertile clay-soil
plain between the White Nile and Blue Nile rivers just south of Khartoum, were originally de-
veloped in the 1920’s by the Sudan Plantation Syndicate, a British-managed venture pri-
marily devoted to growing cotton. Since the works were nationalized more than 25 years ago
the emphasis bas been shifted t0 food crops and to mere intensive agriculture. In the decade
between 1960 and 1979 the proportion of iand crepped annually increased from 47 percent to
62 percent; almost half of the increase was accounted for by the istroduction of wheat. In this
LANDSAT 2 false-color image, recorded on December 7, 1975, the cultivated strips of land
appear red and the fallow strips appear green. Farther south in the Sudan the great swamps
formed by the White Nile constitute what is potentially one of the richest farming regions in the
world, with the soil, sunlight and water resources to produce enormous quantities of food.
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anything but distribute poverty. More-
over, merely saving food does not give
anyone the money to acquire that food.
Finally, the domestic political and eco-
nomic obstacles to reducing American
meat output make such a program not
only ineffective but also unlikely. There
is room for distributive justice in the
world, but it should take the form of
economic assistance, commodity-pric-
ing agreements and trade reforms that
give the poor nations a better chance at
development.

As I said at the outset, that develop-
ment should be in the first instance ag-
ricultural, something that is hard to
impress on most developing-country
governments. They tend to prefer such
attributes of modernity as national air-
lines and smoking industrial plants to
simple farm-to-market roads, bags of
high-yielding wheat seed, rural credit
cooperatives and other levers of agricul-
tural transformation. And yet most of
the developing countries are better en-
dowed for agricultural progress than for
any other kind of economic advance.
The developing world lies largely on
and between the tropics of Cancer and
Capricorn. It is a belt of warm tempera-
tures, of generally abundant (if often
seasonal) rainfall and of ample, year-
round solar energy to be converted into
chemical energy for storage in plant and
animal tissue.

The tropical and subiropical re-
sources of the developing countries are
now mainly exploited by farming tech-
niques that have remained almost un-
changed for centuries. Yields per hec-
tare and per farm worker are very low
(which largely accounts not only for the
world food shortage but also for the
poverty of most of the world’s farmers).
It is now clear, however, that where
modern plant varieties and farming
techniques are introduced, farmers suc-
ceed in wresting from their land single-
crop yields two or three times as large as
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Enlarged four times.
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one hall times

Enlarged three and
one half times.

Enlarged three and
one half times.

In some countries they eat better than people.

Americans are still the best fed
people in the world. And there's a
reason for it; increased crop
yields from American farmers, and
healthier livestock.

In fact, a United States farmer’s
output per acre is six times greater
thanany of his foreign counterparts.

Diamond Shamrock helped the
American farmer reach that level
of output per acre by developing
products that help grow better
food, and produce healthier
livestock. Products that destroy
pests, weeds, and fungus, at the

Diamond Shamrock is helping
U.S. farmers grow six times the amount
of food per acre than any of their
foreign counterparts.

same time increasing production.

Diamond Shamrock products
are not only helping United States
farmers but they're helping
farmers all over the world.

For example: Diamond
Shamrock DACTHAL® pre-
emergence herbicide can be used
on 26 different vegetable crops to
control many broad-leaved weeds,
and most annual grasses. Which

means that now a farmer can use
one product on many different crops.

Another versatile product is
BRAVO?® fungicide. Bravo
fungicide provides broad-
spectrum disease protection
for 19 different food crops.
It controls two major
diseases of peanuts.
Eight different prob-
lem diseases in
tomatoes; that's
more than any othe
fungicide available.

The list goes on:
cucurbits, cole crops, |
carrots, celery, sweet |
corn, onions, snap
beans, and potatoes.
And because Bravo is
so versatile, a farmer doesn’'t have
to use a lot of different fungicides.
He can use just one, Bravo.

Diamond Shamrock helps give you
the meat, along with the potatoes.

From start to market, Diamond
Shamrock Nutrition and Animal
Health products promote growth,
and protect poultry and livestock
with vitamins, antibiotics, amino
acids, and other nutritional factors.

OXYJECTP® oxytetracycline
injectable antibiotic gives unsur-
passed protection against a broad
spectrum of diseases in beef cattle,
beef calves, and dairy cattle.

CSP.250 is one of the first swine
medications used in the treatment
of specific diseases evaluated by
the United States Government.
CSP.250 contributes to faster gains
and feed efficiency for healthier

Americans are still the best fed
people in the world.

swine, as it protects against disease.
Diamond Shamrock also
produces one of the most widely
used nutritional food supple-
ments for all classes of poultry
and livestock, Vitamin D.
No wonder our Agricultural

3 . Chemicals and Nutrition and

Animal Health business
~ is growing. In fact, in
. the last three years
our Agricultural
Chemicals
business has
doubled, and it
will double again.
For more
information about
how we're doing in
agricultural chemi-
cals or animal health products, or
Diamond Shamrock, the interna-
tional corporation that’s turning
industries around with chemistry
and energy, write: Diamond
Shamrock, 1100 Superior Avenue,
Cleveland OH 44114.
You never know, what we
send you may increase your
| yield.

Diamond
Shamrock is
working to
. make sure it
. never gets

Diamocnd Shamrock
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the traditional return; multiple cropping
of two or three crops on the same piece
of land—something that is peculiarly
feasible in the Tropics and sub-Trop-
ics—gives yields from four to eight times
larger than traditional ones. Specialists
in agricultural development now believe
new farming systems can be specifically
designed for various tropical and sub-
tropical conditions that hold immense
promise of greatly enhanced output,
better year-round utilization of farm la-
bor and a significant opportunity to
improve the nutritional and economic
well-being of the small cultivator. That
is the first step toward not only a new
agriculture in the developing countries
but also economic health.

he significance of the ““green revolu-

tion” derives not so much from its
numerical impact on food output as
from its demonstration of what is in-
volved in the modernizing of tradition-
al agricultures. The widespread, rapid
adoption of high-yielding varieties of
wheat and rice gave proof that peasant
farmers were not slow or stubbornly
resistant to change. Aggressive adop-
tion of new farming techniques had a
long history where cash crops were con-
cerned, but the myth persisted that be-
cause most of the food grown in devel-
oping countries is destined for the cul-
tivator’s own consumption, traditional
production technologies would be slow
to change. This was not the case. Within
four years of the first widespread release
of the seed of new high-yielding wheat
varieties in South Asia those varieties
occupied practically all the land suited
to their cultivation. In response to yield
differences of 200 to 300 percent over
traditional plant varieties, and with
the important incentive of grain prices
that made high-yield farming extreme-
ly profitable, the Asian peasant proved
to be as innovative as any in the world;
the stereotype of the traditional farm-
er, slow to change and stubbornly resis-
tant to progress, died a much-deserved
death.

The experience with high-yielding
wheat and rice was important on several
counts. It was the first time large num-
bers of farmers had made significant in-
novations quickly in their food-produc-
tion methods. It was the first time many
developing countries had achieved sub-
stantially higher yields of food crops
from previously cultivated land through
the application of nontraditional tech-
nologies derived from scientific re-
search; until then increases in food out-
put had come either from extending cul-
tivation to uncultivated land or from
improving land with irrigation facilities.
And finally, it provided the first clear
evidence that, if new farming technolo-
gies do add greatly to yield, if the added
yield can return a profit beyond the en-
hanced cost of the new methods and if
farmers have access to the production
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EXPANSION OF FARMING to arable but as yet uncultivated land would be one way to in-
crease the world’s food production. The outline maps show the world’s major landmasses,
sized in proportion to the area of their potentially arable land. The silhouette map (color) with-

in each outline shows how much of that potentially arable land was being cultivated as of the
mid-1960’s. The numbers give the cultivated area as a percent of the potentially arable area.

199
© 1976 SCIENTIFIC AMERICAN, INC



factors (such as seed, fertilizers and in-
secticides) and the capital resources
(such as irrigation facilities and farm
machinery) they need in order to apply
these methods effectively, then aggres-
sive innovation will follow.

Subsequent research has identified ac-
cess to production factors and the ex-
pectation of economic returns from in-

PRIMITIVEFARMING

novation as crucial requirements. The
high-yielding varieties differed from tra-
ditional genetic types in their response
to plant nutrients, particularly to nitro-
gen, which is usually the major limiting
factor in the warm soils of the Tropics
[see “The Amplification of Agricultural
Production,” by Peter R. Jennings, page
180]. The farmers’ access to supplies of

IRRIGATED CULTIVATION

fertilizer was therefore critical in foster-
ing innovation. A large quantity of crop
water was also indispensable. High-
yielding crops make maximum use of
solar energy only when their leaf canopy
is dense. A dense plant population ab-
sorbs (for photosynthesis, respiration
and transpiration) much more water
than the thin crop cover of traditional,
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INTENSIFICATION OF FARMING on land now being farmed is
the other way to grow more food. This means moving farming in de-
veloping regions to higher stages of development, in effect recapitu-
lating the historic progression exemplified here by the case of Japan.
Kunio Takase of the Asian Development Bank found that typical
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rice yields in Japan increased (black curve) as Japanese agriculture
moved from the traditional stage through the advent of irrigation to
scientific agriculture and finally to structural transformation. Cur-
rent yields in most Asian countries, where less than 50 percent of the
rice land is cultivated, place them still in second stage, as plotted.



low-nutrient farming. The farmers who
could benefit from adopting the technol-
ogies of the green revolution were those
within easy reach of depots handling
fertilizer supplies and whose fields were
either supplied by irrigation systems
with abundant water or were located in
areas of assured rainfall.

On the economic side modern tech-
niques of food production require
purchased inputs, something that was
not usual in traditional farming. Al-
though most traditional farmers have
had some contact with a cash economy,
for many of them the risks of farming,
and in particular the vulnerability of the
farm family to cash indebtedness arising
from a crop failure, put a brake on inno-
vative behavior. This is particularly true
for farmers with small landholdings and
little accumulated wealth. Unassisted,
they are the last to change their prac-
tices; they wait until more affluent
neighbors have experimented with the
new methods, and in many circum-
stances they avoid risk by not adopting
the new ways at all. For them and even
for many of their wealthier neighbors
the adoption of new agricultural tech-
nologies depends not only on the effect
on production, possible profit and ac-
cess to supplies but also on the availabil-
ity of credit, of risk insurance and of
farm-extension advice, which reduces
the likelihood that one will unwittingly
neglect some important component of
what is often a complex package of in-
terlocked farming practices. The need
for cash inputs for food farming implies
the need for access to product markets,
since there must be some way of obtain-
ing money from the sale of crop surplus-
es to pay for the production factors.
Thriving markets depend on transporta-
tion networks, storage facilities, proc-
essing plants, a system for the dissemi-
nation of market information, the avail-
ability of credit for traders and so on.

Those are some elements of the in-
frastructure required for a market-ori-
ented agriculture; some others are com-
plexes of technological research ser-
vices, economic institutions to support
farmer credit and to facilitate trade,
extension advisory services for farmers
and the industrial base to produce farm
inputs. Such institutions and facilities
are weak or lacking in developing coun-
tries, which is why the way to world
food security is also the way to their
economic development.

The new dwarf wheat and rice varie-
ties, together with fertilizer and assured
water, more than doubled India’s wheat
output between 1968 and 1972, gave
Pakistan an exportable rice surplus and
brought the Philippines within striking
distance of self-sufficiency in food. The
opportunity for profit that those varie-
ties opened to farmers resulted in an un-
precedented dynamic of development in

the regions suited to their cultivation.
Private-farmer investment in irrigation,
in land improvement, in modern tillage
equipment and in improved storage fa-
cilities was a major result of the transi-
tion from a traditional basis of food pro-
duction to a scientific basis.

The green revolution experience con-
tains two broad lessons. The first is the
importance of the impact on land areas
already under the plow of modern agri-
cultural technologies that are economi-
cally rewarding for the cultivator to ap-
ply and whose application is capable of
being supported by an off-farm infra-
structure of the appropriate services.
The second is the lack of much interac-
tion between the social and cultural in-
stitutions of a society (such as the pat-
tern of land tenure) and technological
and economic change. Land-tenure re-
form has long been held to be a neces-
sary first condition to generating growth
in farm output, for example. It is undis-
puted that very large landholders may,
and often do, keep land unfarmed or
otherwise fail to maximize its agricul-
tural productivity. In such cases land re-
distribution or some form of economic
incentive or punishment is appropriate
in order to make the land productive. In
regions that are already cropped or
grazed to the limit of traditional tech-
nologies, however, farms can benefit
from modern methods whether they are
large or small. And there is evidence
that if they are properly assisted with
nonfarm services, all those who work
the land will increase their output, re-
gardless of their position on the land-
tenure ladder. Judging by the record of
the diffusion of the dwarf varieties of
crops, it is true that small farmers, hav-
ing fewer resources, are slower to adopt
new methods. Once the new practices
have proved to be profitable, however,
and assuming that the availability of
credit is not a barrier, small farmers can
and do become as innovative as larger
landholders. This is not to deny that ru-
ral institutional reform is vitally neces-
sary in many, if not most, developing
countries. Its justification, however,
rests primarily on the need for the better
distribution of social, economic and po-
litical justice; it is only marginally rele-
vant to the expansion of farm output.

In a recent study the International
Food Policy Research Institute esti-
mated that in order to avoid a deficit
position by 1985 the developing coun-
tries must increase their cereal-grain
output at a rate of approximately 4.25
percent per year from 1976 on. That is
two and a half times the 1.69 percent
rate they attained between 1967 and
1974and more thanone and ahalf times
the 2.5 percent rate that was the average
for the past 15 years. There are basical-
ly two ways of attaining that level of
growth in output: by the expansion of
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farming to land not now being cultivat-
ed and by the intensification of produc-
tion on land already being cultivated.

Large areas of the Tropics are not
farmed or grazed, and they constitute a
huge reservoir of future production [see
“The Resources Available for Agricul-
ture,” by Roger Revelle, page 164]. The
southern half of the Sudan is potentially
one of the richest farming regions in the
world, with the soil, sunlight and water
resources to produce enormous quanti-
ties of food—as much, perhaps, as the
entire world now produces! The water
is useless today: the headwaters of the
White Nile, blocked in their northward
flow by high plateaus, spill out over the
land to form great swamps. To unlock
the promise of the southern Sudan those
swamps would have to be drained, a
rural infrastructure put in place and
the nomadic cattle raisers of the region
somehow changed into sedentary farm-
ers. The capital costs of such an under-
taking would be as large as the promise,
and the time required would cover gen-
erations. Yet the potential is real and
untapped, and as world food shortages
persist such a reserve cannot long be ne-
glected.

The extensive llanos of Latin Ameri-
ca—the flat, grassy plains north and
south of the Amazon basin—are unex-
ploited tracts that, with a sufficient in-
vestment in rural infrastructure, could
be made highly productive for ranching.
Other areas with an immense potential
for adding to human food supplies are
the savannas of Africa, the tens of mil-
lions of hectares of semihumid land
south of the Sahara now closed to hu-
man habitation by onchocerciasis, the
river-blindness disease, large regions of
tropical forest and even some of the des-
ert regions of the Arabian Peninsula,
North Africa and western Asia.

Before these reservoirs of future food
production can be tapped, research on
the farming and development technolo-
gies suited to their individual ecologies
will have to be undertaken and the polit-
ical will and political action of nations
and the world community at large will
have to be mobilized to ensure a sus-
tained flow of development resources.
The Sudan, for example, is desperate-
ly poor, with a gross national product
about equal to the 1974 net income of
the International Business Machines
Corporation. From this economic base
the Sudanese alone cannot possibly sub-
jugate their swamps, harness their rain-
fall and establish a farm economy on
their tremendous land resource.

he second and much greater poten-

tial for expanding food production
lies in the intensification of farming in
areas that are already being cultivated
or grazed. The productive capacity of
these areas cannot be doubted: they are
already supporting almost two-thirds
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of mankind on a traditional, low-yield
technological foundation. If these re-
sources were exploited by modern
means, no child would need to know
hunger and no people would need to
fear famine. For example, if its glacial
waters and rainfall were harnessed and
its farmers better supported by modern
off-farm services, the 40 million hec-
tares of the Indus-Ganges-Brahmaputra
plain of Pakistan, Bangladesh and India
could be made to yield upward of 20
metric tons of cereal grain per hectare
per year, or about 80 percent of the
world’s present cereal output. The capi-
tal cost would be high, perhaps as much
as $50 billion over the next 25 or 30
years, but that is about 17 percent of the
estimated global expenditure on arma-
ments and military establishments in
the single year 1976. These river basins,
if developed, alone would meet world
food needs for the next 14 years, even
allowing for a growth in demand of 4.25
percent per year.

Similar comments can be made about
almost every other farming area of
the tropical and subtropical developing
world. In the South Asian case I have
just cited, however, there is the advan-
tage of a fairly highly developed rural
economy; the need now is for a large
investment in structural transformation
so that the entire rural sector can be
geared to the demands of a high-produc-
tivity agriculture. This structural trans-
formation is the last stage in what has
been seen as a four-stage progression in
agricultural development. The long first
stage is that of traditional farming, with
reliance on traditional implements and
practices and on rainfall for water. In
the second stage the productivity of
the land is improved by irrigation and
drainage, by the enhancement of soil nu-
trients through better incorporation of
organic materials and by the better tim-
ing of crop production through im-
proved implements for cultivation. The
third stage is marked by the introduc-
tion of scientifically developed tech-
niques. Cultivation of dwarf varieties on
irrigated land with purchased fertilizer
is a typical development of this stage;
another is the introduction of vaccines
and dips to control livestock diseases.
The fourth stage is the structural trans-
formation of a rural economy, which
involves establishing the full range of
institutions and infrastructures need-
ed to support a high-productivity agri-
culture.

The history of Japanese agriculture
provides the clearest example of the
four stages. Traditional Japanese farm-
ing relying on rainfall returned rice
yields of less than one metric ton per
hectare. The extension of irrigation be-
tween A.D. 600 and 1850 raised yields to
2.5 tons. The Meiji restoration in the
1870’s ushered in a long period of scien-
tific innovation in which high-yielding



varieties, fertilizers and other chemi-
cals, improved implements and better
agronomic practices were investigated
by scientists, tested by a network of pre-
fecture research stations and then dem-
onstrated to farmers. Between the late
19th century and World War II rice
yields rose from 2.5 tons per hectare to
four tons. The postwar reorganization
of Japan’s farmland, the strengthening
of farm-supply and marketing indus-
tries and trading channels, the establish-
ment of farmer organizations and the
opening of more agricultural schools
and colleges—in brief, the structural
transformation into a complex modern
rural economy—pushed rice yields to
the present level of almost six tons per
hectare, and many observers believe
eight tons will be reached in the not too
distant future.

In contrast to Japan, most of the other
nations of Asia are only now making
the transition from the first to the second
stage, from traditional farming to an ag-
riculture based on increased land pro-
ductivity. The extension of irrigation
and drainage, essential to high-produc-
tivity rice cultivation, is being labori-
ously pursued in the South Asian and
Southeast Asian nations. Except in west-
ern Malaysia, where the irrigation po-
tential is well developed, rice yields are
still below two tons per hectare. The in-
troduction of scientific production tech-
nologies and the new dwarf, high-yield-
ing varieties in these nations has been
mainly limited to areas commanded by
irrigation; in India and Pakistan about
30 percent of the cropped area is so
commanded. Indeed, the present evi-
dence strongly suggests that entry into
the stage of successful technological in-
novation in the developing countries of
Asia depends on a prior capital invest-
ment in the productivity of the land.
That is, the second stage must precede
the third.

Most of Africa is still in the first stage
of traditional farming. In order to un-
lock the potential of their soils the Afri-
can nations, the poorest in the world,
must therefore be prepared to make a
colossal investment in land productivi-
ty, in agricultural scientific research and
extension services and in the structural
development of their farm economies.
Large areas of Africa are and will con-
tinue to be mainly devoted to the raising
of cattle. The development of watering
places, improved ranges, disease-con-
trol centers, meat-packing establish-
ments and other facilities could dramat-
ically enlarge Africa’s ability to add to
world food supplies, particularly to the
supply of protein. Africa’s potential is
suggested by its existing examples of
modern farm development. Some of the
areas that were settled by European
farmers are among the most productive
in the world. Their high productivity

can be traced to the large investments
made in roads, supply depots, markets,
farm equipment, research and extension
and farmers’ organizations, and in the
economic institutions and government
policies necessary to make all those ele-
ments function.

In Latin America, where there is an
abundance of unfarmed or traditionally
farmed land, the overall problems are
not unlike those of Africa. The recent
upsurge in Brazilian agriculture, if it is
sustained, will soon carry that nation
into cereal export markets. If the devel-
opment plans of Venezuela and Colom-
bia meet with even partial success, those
nations should also be net contributors
to world food supplies. Chile, Argentina
and Peru have large unexploited farm
potentials that are currently unfulfilled
because of government economic and
development policies for rural areas.

If the output from single crops grown
on land now being cultivated or grazed
through traditional techniques can be
multiplied by five or six, as it has been
in Japan, or even by two to four, as it
has been on the limited-rainfall central
plains of North America, present world
production would almost double. If the
potential for the multiple cropping of
the warm Tropics is tapped, global out-
put could climb five or six times above
its present level of approximately 1.2
billion metric tons of cereals.

Intensive multiple cropping in the
Tropics implies extensive irrigation and
mechanical tillage. Supplementary wa-
ter in the dry seasons is a precondition
for wresting from the land two or three
crops a year. And the short intervals be-
tween crops makes rapid land prepara-
tion and careful timing of farm opera-
tions a necessity, something that can be
accomplished only with modern power
sources and implements. The results are
dramatic. Single-crop yields can be tri-
pled in the course of a year if planting
times are kept short and rapidly matur-
ing varieties are sown. If synergistic
crops are interplanted in the rotations so
that they overlap from one planting to
the next, the output of the land can be
raised another 50 to 60 percent. The
combined effect—improving single-crop
yields in each segment of a multiple-
crop rotation—has raised the total out-
put of a hectare of land from a tradition-
al one-crop-per-year level of less than
two tons to more than 20 tons. Such re-
sults have been attained on carefully
controlled experimental plots; ordinary
farmers, properly guided, could be ex-
pected to increase their present yields
between five and seven times.

As one considers the tropical farming
world and the technology now available
or soon to be available, there can be no
grounds for pessimism about the latent
potential of the world to feed increasing
numbers of people for a long period
ahead. Whether that latent potential will
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be harnessed to the benefit of man is the
question. There has been much talk in
both the developed and the developing
nations about the need to accelerate
agricultural development. The need re-
mains, but the required political actions
are not being taken.

Part of the blame can be placed on
the developing countries themselves.
Agricultural development is expensive
and other, often more glamorous priori-
ties of modernization shoulder aside its
claim for scarce resources. Rural devel-
opment is also a politically charged en-
deavor. City dwellers are more clamor-
ous of attention, and their demands are
more urgent and visible than those of
a traditional peasantry. Keeping food
cheap to appease urban consumers of-
ten leads to policies that destroy the eco-
nomic incentive for modernizing farms.
And the rich countries are always offer-
ing food on easily negotiated conces-
sional terms. The food generosity of the
industrial countries, whether in their
own self-interest (disposing of food sur-
pluses) or under the mantle of alleged
distributive justice, has probably done
more to sap the vitality of agricultural
development in the developing world
than any other single factor. Food aid
not only has dulled the political will to
develop agriculture but also, by aug-
menting domestic production with grain
grown abroad, has kept local prices at
levels that destroy incentives for indige-
nous farmers. In the last analysis mak-
ing surplus food cheaply available to the
developing countries in normal times
has reinforced the already strong ten-
dency of those countries to neglect local
agriculture; it is easier on their national
budgets to farm the fields of the U.S.
and Canada.

Among the large, populous develop-
ing nations only China seems to have
brought its agricultural development
into an approximate balance with de-
mand. China imports wheat and exports
rice; the net has recently been on the
import side, but since about 1971 China
has been essentially self-sufficient in
food. Authoritative Chinese data are
hard to find, but on the evidence availa-
ble Chinese agricultural output rose by
about 3.4 percent per year between 1960
and 1974. Estimates of population
growth in China are even sketchier, but
it seems to be between 1.5 and 2 percent
per year, and decreasing. If these data
are correct, and barring emergencies,
the outlook for the Chinese food situa-
tion is good.

China has accomplished its agricul-
tural growth largely by mobilizing and
disciplining its farm labor. The role of
the political cadres in providing leader-
ship and social control in the commune
structure is well documented. Personal
incentives, work assignments and tight
enforcement of social discipline multi-
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ply the effectiveness of traditional labor-
intensive methods. The Chinese are also
emphasizing modern technical inputs,
and these will increase markedly in the
future as the plan for a very large ex-
pansion in fertilizer capacity is met.

The Chinese experience rests on the
Maoist philosophy that the way to com-
munism in China is through its rural
masses, not through the heavy industrial
development of the Russian model. Chi-
na, unlike most other developing coun-
tries, has given pride of place in its
development to the transformation of
traditional farming. Whether China’s
methods of effecting the transformation
are applicable to other societies and oth-
er cultures is a debatable question; the
unique characteristics of Chinese cul-
ture may be more important for China’s
rural success than any particular tech-
niques for accomplishing political and
social change. Other countries, notably
Tanzania, are experimenting with forms
of social development that adapt many
features of the Chinese model to their
circumstances. It is too early to pass
judgment on these activities, but they
are worth watching for the lessons to be
learned.

Food aid aside, the record of the de-
veloped nations is no better than that of
most of the developing ones. As a group
the rich nations have been devoting de-
creasing proportions of their gross prod-
uct to official development assistance
for developing nations. An inadequate
percentage of that aid goes for agricul-
tural and other rural purposes: in 1974 it
was about 23 percent, or a little more
than $2.6 billion, an amount far below
the need. Moreover, much of that is ac-
counted for by what is called technical
assistance, which means paying one’s
own nationals to work in developing
countries. That does not provide capital,
which is what the poor countries need
above all.

he 1974 World Food Conference

was given a figure of $5billion a year
for the next 20 to 25 years as a conserva-
tive estimate of the foreign exchange
needed by the developing countries for
investment in food production if the
world is to attain a secure annual food
supply. To mobilize such resources the
conference called for the creation of
three new international bodies: the
World Food Council, the Consultative

Group on Food Production and Invest-
ment and the International Fund for Ag-
ricultural Development (IFAD). Since
the conference in 1974 there has been
some progress. The council, a body of
representatives from ministries of agri-
culture in 36 nations, has met twice
since 1974 to review efforts being made
to implement the global development of
agriculture and food-producing capaci-
ty. The consultative group is striving to
coordinate worldwide investment in ag-
riculture. IFAD was formally agreed to
in June, with an initial subscription of
close to $1 billion by the Western indus-
trial countries and the members of the
Organization of Petroleum Exporting
Countries (OPEC). This year the Arab
countries established an Arab Authority
for Agricultural Investment and Devel-
opment with an initial capitalization of
$525 million and a six-year plan for in-
vesting $2.8 billion in rural develop-
ment and food production in the Middle
East, with particular attention to devel-
oping the resources of the southern Su-
dan. The various agencies of the World
Bank have given increasing priority to
agriculture and rural development, dou-
bling their support for those categories
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in 1975 compared with the previous
year.

Even if it is considered narrowly in
terms of eventual payoff, capital devot-
ed to agricultural technology and infra-
structure is well invested. Irrigation of-
fers a good example. A long-term global
approach to food security must rest on
the development of water resources and
the widespread extension of modern ir-
rigation technologies. Nowhere is this
better demonstrated than in Israel,
where farm output has grown some
eightfold in the past 25 years, largely
through the efficient utilization of water.
Modern water-resource development
and the accompanying irrigation and
drainage works are -capital-intensive
and expensive. A recent investigation
sponsored by the French Ministry of
Cooperation has found that even the riv-
ers and groundwater of the semiarid
Sahelian zone of Africa, the scene of a
recent devastating drought and famine,
could be harnessed over the next 75
years to provide crop water for almost
2.5 million hectares, at a cost likely to be
in excess of $25,000 per hectare. The
return on such an investment is hard to
calculate, but a conservative estimate of
yield would be 10 tons of cereals per
hectare per year, or an output of about
$1,500 per hectare: a 6 percent gross
return. That is a minimum return, since
it is likely that land of such value would
be planted to crops with a higher eco-
nomic return than cereals provide.

he relevant question for mankind,
however, may not be one about in-
vestment return. It may rather be: What
is the long-run cost of not initiating now

a program of investing in man’s future |

food supply? Water-resource develop-
ment has a long gestation time before it
yields benefits, and so do many other
elements of agricultural modernization.
Political leaders in both the rich and the
poor countries have a short time hori-
zon; they focus on immediate concerns.
Yet future food supplies depend not on
the application of more fertilizer to ex-
isting fields this year or next but on a
joint and shared commitment by the de-
veloped and the developing countries to
the long-term and expensive develop-
ment of the world’s untapped farm re-
sources.

It is important to recognize that the
world’s food problem does not arise
from any physical limitation on poten-
tial output or any danger of unduly
stressing the “environment.” The limita-
tions on abundance are to be found in
the social and political structures of na-
tions and in the economic relations
among them. The unexploited global
food resource is there, between Cancer
and Capricorn. The successful husband-
ry of that resource depends on the will
and the actions of men.
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MATHEMATICAL
GAMES

John Horton Conway’s book

covers an infinity of games

by Martin Gardner

Some said ‘John, print it’;
others said, ‘Not so.’

Some said ‘It might do good’;
others said, ‘No.’

—JOHN BUNYAN, Apology for His Book

ohn Horton Conway, the almost
legendary mathematician of the
University of Cambridge, quotes
the above lines at the end of the
preface to his new book, On Numbers
and Games (Academic Press), or ONAG
as he and his friends call it. It is hard to
imagine a mathematician who would
say not so or no. The book is vintage
Conway: profound, pathbreaking, dis-
turbing, original, dazzling, witty and
splattered with outrageous Carrollian
wordplay. Mathematicians from logi-
cians and set theorists to the humblest
amateurs will be kept busy for decades
rediscovering what Conway has left out
or forgotten and exploring the strange
new territories opened by his work.
The sketch of Conway reproduced on
the opposite page could be titled “John
‘Horned’ (Horton) Conway.” The infi-
nitely regressing, interlocking horns
form, at the limit, what topologists call a
“wild” structure; this one is termed the
Alexander horned sphere. Although it is
equivalent to the simply connected sur-
face of a ball, it bounds a region that is
not simply connected. A loop of elastic
cord circling the base of a horn cannot
be removed from the structure even in
an infinity of steps. (A four-horned me-
chanical puzzle sold as Loony Loop has
a nylon loop that can be removed.)
Conway is the inventor of the com-
puter game Life, which I had the honor
of introducing in this department in Oc-
tober, 1970, and February, 1971. By
carefully choosing a few ridiculously
simple transition rules Conway created
a cellular automaton structure of ex-
traordinary depth and variety. Now he
has done it again. By invoking the sim-
plest possible distinction—a binary divi-
sion between two sets—and adding a few
simple rules, definitions and conven-
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tions, he has constructed a rich field of
numbers and an equally rich associated
structure of two-person games.

The story of how Conway’s numbers
are created on successive “days,” start-
ing with the zeroth day, is told in Donald
E. Knuth’s novelette Surreal Numbers
(Addison-Wesley, 1974). Since I dis-
cussed Knuth’s book in February of last
year, I shall say no more about it here
except to remind readers that the con-
struction of the numbers is based on one
rule: If we are given a left set L and a
right set R and no member of L is equal
to or greater than any member of R,
then there is a number { L| R} that is the
“simplest number” (in a sense defined by
Conway) in between.

By starting with literally nothing at all
(the empty set) on the left and the right,
{ | }. one obtains a definition of zero.
Everything else follows by the tech-
nique of plugging newly created num-
bers back into the left-right arrange-
ment. The expression {0|0} is not a
number, but {0] }, with the null set on
the right, defines 1, { |0} defines —1
and so on.

Proceeding inductively, Conway is
able to define all integers, all integral
fractions, all irrationals, all of Georg
Cantor’s transfinite numbers, a set of in-
finitesimals (they are the reciprocals of
Cantor’s numbers, not the infinitesimals
of nonstandard analysis) and infinite
classes of weird numbers never before
seen by man, such as

s

3,
Viw+ 1 W

where o is omega, Cantor’s first infinite
ordinal.

Conway’s games are constructed in a
similar but more general way. The fun-
damental rule is: If L and R are any two
sets of games, there is a game {L|R}.
Some games correspond to numbers and
some do not, but all of them (like the
numbers) rest on nothing. “We remind
the reader again,” Conway writes, “that
since ultimately we are reduced to ques-
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tions about members of the empty set,
no one of our inductions will require a
‘basis.””

In a “game” in Conway’s system
two players, Left and Right, alternate
moves. (Left and Right designate play-
ers, such as Black and White or Arthur
and Bertha, not who goes first or sec-
ond.) Every game begins with a first po-
sition, or state. At this state and at each
subsequent state a player has a choice of
“options,” or moves. Each choice com-
pletely determines the next state. In
standard play the first person unable to
make a legal move loses. This is a rea-
sonable convention, Conway writes, be-
cause “since we normally consider our-
selves as losing when we cannot find any
good move, we should obviously lose
when we cannot find any move at all!” In
“misere” play, which is usually much
more difficult to analyze, the person
who cannot move is the winner. Every
game can be diagrammed as a rooted
tree, its branches signifying each play-
er’s options at each successive state. On
Conway’s trees Left’s options go up and
to the left, Right’s go up and to the right.

Games may be “impartial,” as in
Nim, which means that any legal move
can be made by the player whose turn it
is to move. If a game is not impartial, as
in chess (where each player must move
only his own pieces), Conway now calls
it a partizan game. His net thus catches
both an enormous variety of familiar
games, from Nim to chess, and an infini-
ty of games never before imagined. Al-
though his theory applies to games with
an infinity of states or to games with an
infinity of options or to both, he is con-
cerned mainly with games that end after
a finite number of moves. “Left and
Right,” he explains, “‘are both busy men,
with heavy political responsibilities.”

Conway illustrates the lower levels of
his theory with positions taken from a
partizan domino-placing game that I
discussed briefly in February, 1974, as
the game of Crosscram. The board is a
rectangular checkerboard of arbitrary
size and shape. Players alternately place
a domino to cover two adjacent squares,
but Left must place his pieces vertically
and Right must place his horizontally.
The first player who is unable to move
loses.

An isolated empty square

] -

allows no move by either player. “No
move allowed” corresponds to the emp
ty set, so that in Conway’s notation this
simplest of all games is assigned the val-
ue { | } =0, the simplest of all num
bers. Conway calls it Endgame. Its trec
diagram, shown at the right of the
square, is merely the root node with no
branches. Because neither side can
move, the second player, regardless of



whether he is Left or Right, is the win-
ner. “I courteously offer you the first
move in this game,” writes Conway.
Since you cannot move, he wins.

A vertical strip of two (or three) cells

EEEAN

offers no move to Right but allows one
move for Left. Left’s move leads to a
position of value 0, so that the value of
this region is {0| } = 1. It is the sim-
plest of all positive games, and it corre-
sponds to the simplest positive number.
Positive games are wins for Left re-
gardless of who starts. The region’s tree
diagram is shown at the right above.

A horizontal strip of two (or three)

cells
m /

allows one move for Right but no move
for Left. The value of the region is
{ 10} = —1.Itis the simplest of all neg-
ative games and corresponds to the sim-
plest negative number. Negative games
are wins for Right regardless of who
starts.

A vertical strip of four (or five) cells

has a value of 2. Right has no moves.
Left can, if he likes, take the two middle
cells in order to leave a zero position,
but his “best” move is to take two end
cells, because that leaves him an addi-
tional move. If this region is the entire
board, then of course either play wins,
but if it is an isolated region in a larger
board or in one of many boards in a
“compound game,” it may be important
to make the move that maximizes the
number of additional moves it leaves for
the player. For this reason the tree
shows only Left’s best line of play. The
value of the game is {1,0] } = {1] }
= 2. A horizontal strip of four cells
has a value of —2. If only one player
can move in a region and he can fit n
of his dominoes into it but no more,
then clearly the region has the value +n
if the player is Left and —n if the play-
er is Right.

Things get more interesting if both
players can move in a region, because
then one player may have ways of
blocking his opponent. Consider the fol-
lowing region:
—
—

]

Left can place a domino that blocks any

4438

John “Horned” (Horton) Conway, as sketched by a colleague on computer-printout paper
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A Crosscram position that will result in a win for Right

A five-region map, with its dual graph (color), for playing Col or Snort

208

© 1976 SCIENTIFIC AMERICAN, INC

move by Right, thus leaving a zero posi-
tion and winning. Right cannot similarly
block Left because Right’s only move
leaves a position of value 1. In Conway’s
notation the value of this position is
{0,—1]1} = {01}, an expression that
defines 1/2. The position therefore
counts as half a move in favor of Left.
By turning the L region on its side one
finds that the position is {—1]0,1} =
{—1]0} = —1/2, or half a move in fa-
vor of Right.

More complicated fractions arise in
Conway'’s theory. For example,

—

has a value of {'2]|1} =3/4 of a move
for Left, since 3/4 is the simplest num-
ber between 1/2 and 1, the values of the
best options for Left and Right. In a
game called partizan Hackenbush (the
impartial form of this game was ex-
plained in my January 1972 column and
is more fully treated in Conway’s book),
Conway gives an example of a position
in which Left is exactly 5/64 move
ahead!

The values of some game positions
are not numbers at all. The simplest ex-
ample is illustrated in Crosscram by this

region:
| \/

Both Left and Right have opening
moves only, so that the first person to
play wins regardless of whether he is
Left or Right. Since each player can re-
duce the value to 0, the value of the
position is {0]0}. This is not a number.
Conway symbolizes it with * and calls it
“star.” Another example would be a
Nim heap containing a single counter. It
is the simplest “fuzzy” game. Fuzzy val-
ues correspond to positions in which ei-
ther player can win if he moves first.

The value of a compound game is
simply the sum of the values of its com-
ponent games. This statement applies
also to the value of a position in a game
in progress that has been divided by play
into a set of subgames. For example, the
top illustration at the left shows a posi-
tion in a game of Crosscram played on a
standard chessboard. The values of the
isolated regions are indicated. The posi-
tion seems to be well balanced, but the
regions have a sum of —1/4, which
means that Right is a fourth of a move
ahead and therefore can win regard-
less of who moves next. This outcome
would be tedious to decide by drawing
a complete tree, but Conway’s theory
gives it quickly and automatically.

A game is not considered “solved” un-
til its outcome (assuming that both play-
ers make their best moves) is known
(that is, whether the game’s value is
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zero, positive, negative or fuzzy) and a
successful strategy is found for the play-
er who has the win. This stricture ap-
plies only to games that must end, but
such games may offer infinite options, as
in the game Conway calls “My Dad Has
More Money than Yours.” Players al-
ternately name a sum of money for just
two moves and the highest sum wins.
Although the tree, Conway admits, is
complicated, the outcome is clearly a
second-player win.

Are these not trivial beginnings? Yes,
but they provide a secure foundation on
which Conway, by plugging newly cre-
ated games back into his left-right
scheme, carefully builds a vast and fan-
tastic edifice. I shall not proceed further
with it here; instead I shall describe a
few unusual games that Conway ana-
lyzes in the light of his theory. In all
these games we assume standard play in
that the first person who is unable to
move loses.

1. Col (named for its inventor, Colin
Vout). A map is drawn on brown paper.
L has black paint, R has white. They
alternately color a region with the provi-

@l 10l [ [ ol 10/@L |

The same game with the dollar

so that regions sharing a border segment
not be the same color. It is useful to
regard all regions bordering a white one
as being colored white and all regions
bordering a black one as being colored
black. A region acquiring both colors
drops out of the map as being an un-
paintable one.

Conway analyzes Col on the map’s
dual graph [see bottom illustration on op-
posite page], defining what he calls “ex-
plosive nodes” and marking them with
lightning bolts. Of course the game can
be played on white paper with pencils of
any two colors. Vout has reported that
in the set of all topologically distinct
connected maps of one region through
five regions nine are first-player wins
and 21 are second-player wins. The
game in general is unsolved.

2. Snort (after Simon Norton). This is
the same as Col except that neighboring
regions must be the same color. It too is
unsolved. Conway suspects it has a rich-
er theory than Col. His most valuable
tip: If you can color a region adjacent to
every region of your opponent’s color,
do so. In addition Conway has discov-

A position in Rims
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ered some basic theorems that he re-
ports under the heading “A Short Snort
Dictionary.”

3. Silver Dollar Game without the
Dollar. The board is a horizontal strip
of cells extending any length to the right
[see upper illustration above]. Pennies are
arbitrarily placed on certain cells, one to
a cell, to provide the initial position.
Players alternately move a coin to the
left to any empty cell. No jumps are
allowed. Eventually all the coins jam
at the left, and the person who cannot
move loses.

The game is simply Nim in one of its
endless disguises. (I assume that the
reader is familiar with Nim and knows
how to determine the winning strategy.
If not, he can consult any number of
books, including Conway’s new book or
my Scientific American Book of Mathe-
matical Puzzles & Diversions.) Corre-
sponding to the Nim heaps (or rows) of
counters are the vacant cells between
pennies, starting with the vacancy at the
extreme right and including only alter-
nate vacancies. In the illustration the
Nim heaps are indicated by brackets

209



A format for Cutcake, with the first move being a vertical break at the arrow

and one arrow. The heaps are 3, 4, 0 and
5, so that the game is equivalent to play-
ing Nim with rows of three, four and five
counters.

Rational play is exactly as in Nim:
Move to reduce the Nim sum of the
heaps to 0, a game with a second-player
win. The one trivial difference is that
here a heap can increase in size. If, how-
ever, you have the win and your oppo-
nent makes such a move, you immedi-
ately restore the heap to its previous size
by moving the coin that is just to the
right of the heap.

If in the illustrated position it is your
move, you are sure to win if you make
the move indicated by the curved arrow.
If your opponent responds by moving
counter A4 two cells to the left, the move
raises the empty heap to 2. Your re-
sponse is to move B two cells to the left,
thus returning the heap to 0.

4. Silver Dollar Game with the Dol-
lar. This is the same as the preceding
game except that one of the coins (any
one) is a silver dollar and the cell far-

thest to the left is a money bag [see lower
illustration at top of preceding page]. A
coin farthest to the left can move into
the bag. When the dollar is bagged, the
game ends and the next player wins by
taking the bag.

This game too is Nim disguised.
Count the bag as being empty if the coin
at its right is a penny and full if it is the
dollar, and play Nim as before. If you
have the win, your opponent will be
forced to drop the dollar in the bag. If
the winner is deemed to be the player
who bags the dollar, count the bag as
being full if the coin at its right is the
coin just to the left of the dollar and
count it as being empty otherwise. The
position shown corresponds to Nim
with heaps of 4, 3, 0 and 2. The first
player wins in both versions only if
he makes the move indicated by the
curved arrow.

5. Rims. The initial position of this
pleasant way of playing a variant of
Nim consists of two or more groups of
spots. The move is to draw a simple

How to add an arbitrarysubgraph (A) trivially to a Snark
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closed loop through any positive num-
ber of spots in one group. The loop must
not cross itself or cross or touch any
other loop. A game is shown in the bot-
tom illustration on the preceding page.

Conway shows that Rims is the same
as Nim played with the added rule that
you are allowed, if you like, to take from
the center of a row, leaving two new
rows instead of one or more rows. Al-
though the number of heaps can in-
crease, the winning strategy is standard
Nim strategy. If each loop is confined to
one or two spots, the game is equivalent
to the familiar game of Kayles. (See
Chapter 16 of my Mathematical Carni-
val.) Conway calls it Rayles.

6. Prim and Dim. Let me introduce
these games by explaining Prime Nim, a
simpler game not discussed by Conway.
It was first analyzed some 20 years ago
by Claude E. Shannon. Prime Nim is
played the same way that Nim is except
players must diminish heaps only by
prime numbers, including 1 as a prime.
“The game is actually a bit of a mathe-
matical hoax,” wrote Shannon (in a pri-
vate communication), ‘“since at first
sight it seems to involve deep additive
properties of the prime numbers. Actu-
ally the only property involved is that all
multiples of the first nonprime are non-
prime.”

The first nonprime is 4. The strategy
therefore is merely to regard each heap
as being equal to the remainder when its
number is divided by 4 and then to play
standard Nim strategy with these modu-
lo-4 numbers. If 1 is not counted as be-
ing prime, the strategy is less simple in
standard play and is so complicated in
misére play that I do not believe it has
ever been solved.

Prim, suggested by Allan Tritter, re-
quires that players take from each heap
a number prime to the heap’s number.
In other words, the two numbers must
not be equal or have a common divisor
other than 1. Dim requires that a player
remove a divisor of n (including 1 and n
as divisors) from a heap of size n. Con-
way gives solutions to both games as
well as variants in which taking 1 from a
heap of 1 is allowed in Prim and taking n
from a heap of n is not allowed in Dim.

7. Cutcake. This is a new partizan
game invented by Conway. It is played
with a set of rectangular cakes, each
scored into unit squares like a waffle.
Left’'s move is to break a piece of cake
into two parts along any horizontal lat-
tice line, Right’s is to break a piece along
any vertical line. The game has a sur-
prisingly simple theory.

The top illustration at the left shows a
4 X 7 cake. In Conway’s notation its val-
ue is 0, which means it is a second-player
win regardless of who goes first. It looks
as if the vertical breaker, who has twice
as many opening moves as his opponent,
would have the advantage, but he does



not if he goes first. Assume that the ver-
tical breaker goes first and breaks along
the line that is indicated by the arrow.
What is the second player’s winning re-
sponse?

I have given only a few examples of
Conway’s exotic nomenclature. Games
can be short, small, all small, tame, res-
tive, restless, divine, extraverted and in-
troverted. There are ups, downs, remote
stars, semistars and superstars. There
are atomic weights and sets with such
names as On, No, Ug and Oz. Conway
has a temperature theory, with thermo-
graphs on which hot positions are
cooled by pouring cold water on them.
He has a Mach principle for the small
world: the atomic weight of a short all-
small game is at least 1 if and only if the
game exceeds the remote stars!

Conway’s theorem 99 conveys some
notion of the book’s whimsical flavor. It
tells us (I paraphrase to remove a slight
error that Conway discovered too late to
correct) that any short all-small game of
atomic weight zero is dominated by
some superstar. Only a feeling of incom-
pleteness, Conway adds, prompts him to
give a final theorem. Theorem 100 is:
“This is the last theorem in this book.”

n reporting on Rufus Isaacs’ work on
the coloring of trivalent graphs (in
April) I asked readers to send any exam-

ples they could find of Snarks with 12,
14 or 16 spots that were not trivial varia-
tions of Petersen’s graph. Unfortunately
in explaining what Isaacs meant by trivi-
al I mentioned the addition of digons
and triangles but not the addition of ar-
bitrary subgraphs.

One way to add a subgraph is to sever
any edge, as is shown in the left portion
of the bottom illustration on the oppo-
site page, and insert the subgraph. An-
other is to replace any spot with an arbi-
trary subgraph, as is shown in the right
portion of the illustration. Snarks re-
main Snarks under both alterations.
Isaacs’ original paper gives a proof and
bans such alterations after a discussion
of the vexing question of what is meant
by “trivial.” Readers who searched for
Snarks with 12, 14 or 16 spots should
have been told that the two mutations
are out of bounds. One correspondent,
F. Lonpekhine of Oxford, England,
found a new family of Snarks, about
which I may someday report.

The illustration below shows the solu-
tion to last month’s problem of how to
place 20 points in 20 rows of four points
each. Note that the petals of the milk-
weed flower (Hoya carnosa) shown last
month almost provide the solution. Un-
fortunately the little pentagram close
to the center of the flower is not quite
large enough.

Solution of the tree-plant problem
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BOOKS

Professor Harlan’s argument extended, cancer
risks and the life and work of L. S. B. Leakey

by Philip Morrison

American Society of Agronomy,
Crop Science Society of Ameri-
ca, Madison, Wis. ($11.25). THE Com-
PLETE BOOK OF FRUITS AND VEGETA-
BLES, by Francesco Bianchini and Fran-
cesco Corbetta. Paintings in color by
Marilena Pistoia. Translated from the
Italian by Italia and Alberto Manicelli.
Crown Publishers, Inc. ($25). Once,
about a decade ago, Jack Harlan
camped northward of Eden. He “found
no difficulty” in reaping from the great
Anatolian stands of wild wheat (ein-
korn) about one cleaned kilogram of
highly nutritive grain in an hour of
work. To reap without first sowing is
the gatherer’s ancient, leisurely way. A
gathering family could have earned its
bread for a year by the sweat of less than
one month’s work in the field. Harlan
was not even the first modern investiga-
tor to publish such a striking result. He
cites A. Chevalier, who, working on the
African savanna in the early 1930’s, har-
vested 10 kilograms of a millet seed in
one morning’s work, swinging against
the ripe millet heads a basket of palm
leaf while the dew still spangled the
grass. Harlan’s wild harvest showed an
energy gain of 50 to one; today in the
Iowa cornfields they have to spend a few
joules in coal and petroleum energy for
each joule they capture from the sun.
“Why should I farm,” asked the Af-
rican Bushman, “when there are so
many mongongo nuts?’ One could add
acorns, palm nuts, wild rice, yams, wa-
termelons and a thousand other species.
There are many more species worth
gathering than have ever been domesti-
cated, and their yield is neither scant nor
uncertain. Sir George Grey wrote of his
observations in 1841: “In the Province
of Victoria, as already stated, I have
seen tracts of land several square miles
in extent, so thickly studded with holes
where the natives have been digging up
yams (Dioscorea) that it was difficult to
walk across it.” The prudent aboriginal
gatherers were not depleting their lands;
they “invariably reinsert the head of the
yams so as to be sure of a future crop,
but beyond this they do absolutely noth-
ing.” (They numbered only about one
person to 10 square miles, to be sure, on
that arid continent.)

CROPS AND MAN, by Jack R. Harlan.
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Gatherers know and love well the
plant world: they may clear with fire,
sow seeds, plant tubers, celebrate the
first fruits, acquire ownership of trees or
even land, make ready for the season of
harvest, thresh, winnow and grind. But
they do not cultivate systematically;
they do not engage in the ceaseless sym-
biosis with a few plants on which human
survival has more and more come to de-
pend in the past 10,000 years.

The continuum from gathering to
crops is subtle. Consider the oil palm in
West Africa. The wild palm is a forest-
edge plant. The farmers slash and burn,
but they spare the oil palm. Tradition
has it that cutting a palm means a death
in the village. Over the years the palm
stands thicken. (“Very extensive stands
of oil palm developed without anyone
ever purposely planting a seed.”) The
oily fruits are beaten off, not at home
but in the bush, thus spreading the spe-
cies, because there is also a belief that
the flying fruits would represent people
leaving the village. There is a gene that
controls the form of the kernel. When
one allele is doubled, the kernel is thick-
shelled; that form is tapped for palm
wine but not harvested for oil. The tap-
ping eventually Kkills the tree. Thus the
plant is “encouraged, disseminated, har-
vested, and selected without anyone de-
liberately planting a seed. Is the oil palm
in indigenous agriculture a cultivated
plant or not?”

Professor Harlan has made a fresh,
readable, brief yet magisterial summary
of the evolutionary processes that have
made agricultural society as it stands to-
day. He asks why we left that Golden
Age, but he does not stay for a simple
answer. What we can say now is that
agriculture is an evolution from an ear-
lier complex relationship with plants, a
process in which both men and their
plants changed. Once it was tried, once
it had led to a higher population sus-
tained by hard work, the disequilibrium
was strong. More people, more food;
more food, more farm work; more chil-
dren, more workers. Was it first done for
magical plants, such as narcotic tobacco
or scarlet-grain amaranth? Was it the
dump-heap weeds that led the way? Was
sedentary life the attraction? Or was
it seaside crowding, which drove some
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fisher-gatherers into hinterlands already
bespoke by upland gatherers, that start-
ed the instability still active? We do not
know. There may be truth in all these
models.

Harlan gives a “short list’ of some
400 crops distributed among the origi-
nating regions where the major crops
and their diverse complementary spe-
cies grow: the Near East, Africa, China,
Southeast Asia (with the Pacific islands)
and the Americas. The Near East devel-
oped barley and wheat (with sheep and
goats) long before stylus was set to clay.
There was no way back; thereafter fam-
ine followed each drought. But when the
scheme works, large numbers of people
flourish and civilizations emerge, “the
visible fruits of the evolution of agricul-
tural economies.” The “magnificent per-
formance” of the American Indian is fa-
miliar: the staple crops were maize, the
potato, manioc (cassava), the sweet po-
tato, the common bean and the peanut.
The sweet potato reached New Guinea
in the 16th century; there it can grow in
the highlands, above the altitude limit of
the local yam and taro. Today those
highland tribesmen could not exist with-
out it. There is no need to retell the tale
of maize and potato in Europe. South
China and Southeast Asia—the archae-
ology is too incomplete for more preci-
sion—gave the world rice, by which
those cultures still live. (The cultural
hearth along the Yellow River is not so
clearly an agricultural center, although
the soybean comes from there.) In Afri-
ca the savanna zones offered many
crops, particularly the staples: sorghum,
the millets and the wild rice of the water
holes. By the time those rice growers
reached the rainy Guinea coast the peo-
ple who depend on the West African
yam had long since formed strong cul-
tures based on the yam in the dense rain
forest. On the Ivory Coast the Bandama
River still parts a yam world on one
bank from a rice world on the other;
ceremony, myth, ritual and folklore are
parted with the crops. Such is the judg-
ment of time. Meanwhile the genetic
change in our species has been merely
skin-deep, although our annual crops
have adapted thoroughly, since our cul-
tural patterns—inherited through mech-
anisms subtler than biological ones—
evolve during mere centuries.

Harlan treats of the gene pools that lie
behind speciation, of the dynamic
mechanisms that induce the variety of
cultivated plants and of the dispersal
early and late that has carried local
crops to the four corners of the world.
There is only a handful of crops whose
means of dispersal are still unclear: the
bottle gourd, the millets, the sweet pota-
to, the coconut and perhaps cotton. Al-
though many important crops werc
domesticated thousands of years before
written records, “their major dispersals
out of their regions of origin were usual-
ly so late” that they properly belong to



recorded history. There is simply noth-
ing in the evidence to suggest wide-
spread early dispersal; with that absence
falls most of the speculation about wide-
spread ancient voyaging and migration.
Why did those mysterious voyagers car-
ry so much of design and rite yet nev-
er once the valuable seeds that could
spread so well after Columbus?

Selection, natural or human, operates
with the raw material of natural varia-
tion. It is striking how variable natural
populations are. Paper-shell pecans,
many fruit trees, grapes, bananas, yams
and cassavas are in some sense instant
domesticates: they can be propagated
vegetatively—by grafts and cuttings—to
yield the absolute selection of one de-
sired clone. This “vegeculture” is plain-
ly simpler (and may turn out to be older)
than seed agriculture.

Nowadays we still breed plants. The
yield of Japanese rice farmers doubled
between A.D. 750 and the Meiji period;
within the past century alone it has
somewhat more than doubled. We pay
some price: the “shocking” statistics
show that our crops rest on an ever nar-
rowing genetic base, the much-selected
“best.” Five inbred lines of corn repre-
sent “half the parentage” in 70 percent
of U.S. seed corn. Some new pathogen
or pest might claim it all. We badly need
a new mixed strategy. But to play that
game well we require the collection and
preservation of the full wild variety
worldwide, before it is forever lost to the
plow and the builder. Thus armed we
can face the future, even the end of the
old way, perhaps in single-cell protein
or in synthetic amino acids, a strange
tangle of tanks and piping for a human
species linked for so long to open wav-
ing green fields.

The Complete Book of Fruits and Vege-
tables delightfully celebrates the specific
fruits of field and tree. An encyclopedic
display of several hundred species (all
those familiar in the European kitchen
and a good many more), its large pages
show in evocative detail, in strong real
colors on a pure white ground, the
purple eggplant, the brown capsule of
the poppy, the white-and-pink flowers
of buckwheat, the deep hues of Indian
corn. For each plate there is a page or so
of text with a thumbnail history of the
crop, a few remarks about its role in the
cuisine and often some indications dear
to the old-fashioned physician. The
paintings are so strikingly attractive that
many a buyer will be unable to resist
removing and framing the pages (a re-
mark one hopes the craftsmen-printers
in Verona will forgive, if it is followed
here by the admonition to buy a second
copy). The scale is usually not given,
although many of the pictures are life-
size. The book is not quite as complete
as other reference works, particularly
for Asian and tropical crops, but its size
adds remarkably to the visual impact of
the uncrowded illustrations. Taking as a

test a list from Harlan of about 30 im- |
portant crops, one finds beautifully pic-
tured all but millets, manioc and tobac-
co. An appendix contains detailed bo-
tanical information on each plant. Not
many readers will know that the bulb of
the grape hyacinth is a popular ingredi-
ent of antipasto. In our context it is good
to recall that Madame Récamier was
once saved by a dish of peaches and
cream, “which brought back not only
her appetite but also the will to live.”

ERSONS AT HIGH RISk OF CANCER: AN
APPROACH TO CANCER ETIOLOGY
AND CoNTROL, edited by Joseph F.
Fraumeni, Jr. Academic Press, Inc.
($19). Exposure to minute fibers of inert

mineral asbestos can induce long-de-
layed fatal tumors of the thoracic lining,
a kind of cancer very rare in the general
population. But men who work with as-
bestos quite commonly die of it: nearly a
tenth of those who die 20 years or more
after initial exposure die of such can-
cers. The men, their doctors and their
unions all are properly concerned. Sad-
der still is that among these same work-
ers three times as many die of the com-
monest form of cancer, cancer of the
lung. Those who show a high rate of
lung cancer, however, are members of
only one group of asbestos workers: that
majority who smoke cigarettes. Long-
exposed asbestos workers who never
smoked at all, or who smoked pipes or
cigars only, are a good deal safer from
lung-cancer death than the ordinary
white male. Cigarettes and asbestos to-
gether put a worker at multiple high
risk, five times that of men his age. Hiro-
shima survivors display a similar effect.

This volume of expert papers from a
recent symposium lays out the entire
current story of cancer risk, from genes
to public education. It is a story full of
puzzle and threat, at once a warning and
an intellectual challenge. Can we grasp
the hints that the complex tally of fatal
tumors, for every condition of man and
woman, offers? A child is born with no
iris in the eye. There is a particular chro-
mosome error; the unhappy sore-eyed
infant is apt to harbor a specific abdomi-
nal tumor by the time it is three. Cancer
of the esophagus is unusually common
on the island of Curagao; it is held that
the cause may be the heavy consump-
tion of herbal teas, folk medicines much
favored there. Carcinogens have been
found in such plant extracts, judged by
their effects on rats, and “so the hypoth-
esis remains viable.”

Gross statistics are never quite
enough. It is not the mere error of ran-
dom sampling that deceives; these spe-
cialists are sophisticated enough with
their statistical tests. The true problem
is subtler. For example, the exposure of
infants in utero to X rays has for 20 years
been a prime suspect as the inducer of
acute leukemia, the malignant prolifera-
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¢ Many more items!

Send $1.00 now (refundable on first order)
or Free with Business Card!
Newman Computer Exchange
3960 Varsity Drive, Dept. 23

Ann Arbor, Michigan 48104

NOT JUST A TELESCOPE,
NOT JUST A MICROSCOPE, BUT

complete optical
VesIpocke! System

If you are scientist, astronomer,
philatelist, numismatist, or if you are simply
finicky about fine optics, Emoskop must be
instrument of your choice. Converts from 3x
telescope to 5x, 10x, or 15x magnifier to 30x
microscope. In any mode it performs to per-
fection, is fully achromatic, with full resolu-
tion and with absolutely flat field. All optical
parts are hard-coated. With fitted leather
case and “tripod” for steady observation at
high magnifications. Emoskop hails from
Wetzlar, Germany, world capital of fine op-
tics. It is outstanding instrument that Modern
Photography called “. . . only magnifier
worthy of name”. = 2
e, NENNIREIS
Box 7584, San Francisco, CA 94120

emoskop %2

\

Actual size =

Mail to: Henniker's SA 978
779 Bush St., Box 7584, San Francisco, CA 94120

Yes, send me Emoskops @ $24.95 ea.

[ My check, plus $1 for post. and handling (and tax
for Calif. deliv. only) is enclosed.

[ Charge my BA, MC acct.

# exp. —
or for fastest service call TOLL FREE (800) 327-8912
[IN FLORIDA (1-800) 432-5024] IN SF BAY AREA
CALL: 433-7540

My name is
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Physics...the
universe around us...
cosmology...applied
math...archaeology...
quantum electronics.

To keep up with
everything that’s
happening in every
scientific area that
interests you...

Take any 3books
(values to $61.90)
all for only $3.95—-
as a member of

The Library
of Science.

if you will join now for a trial period and
agree to accept only 3 more books—at members’
discount prices —over the next 12 months.
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(Publishers’ Pricesshown)

70190. PRINCIPLES OF OPER -
ATIONS RESEARCH. Second
Edition. Harvey M. Wagner. This
1039-page book offers a complete
overview of all the fundamental
concepts. $19.95

82660. TECHNOLOGY MATH-
EMATICS HANDBOOK. Jan/J.
Tuma. Instant access to concise
summaries of all major definitions.
formulas, graphs, tables of elemen-
tary and intermediate mathe-
matics—from algebra to determi-
nantsand vectors and much, much
more. $15.95

36395. BLACK HOLES,
UASARS AND THE UNI-
ERSE. Henry L. Shipman. Black

holes, quasars, white dwarfs, neu-

tron stars, supernovae, Seyfert Gal-
axies—explores the frontiers of as-
tronomy. $12.95

68750. PHYSICAL THOUGHT
FROM THE PRESOCRATICS

. TOTHEQUANTUM PHYSI-

CISTS. Samuel Sambursky. Impres-
sive history of the most important
events in the development of the
physicalsciences. Includes ex-
cerpts of great scientists from Aris-
totle to Pauli. $20.00

73530. THE REBIRTH OF COS -
MOLOGY. Jacques Merleau-Ponty
and Bruno Morando. A thorough
accountof the Greek, classical and
astrophysical ages of the fascinating
study of the universe as a whole
physical system. $12.50

44150. ELEMENTARY STATIS-
TICS. Paul G. Hoel.

Fourth edition of the classic work
covering probability, sampling, es-
timation, correlation and regres-
sion and much more. $12.95
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38305.CLASSICALELECTRO-
DYNAMICS. John D. Jackson.
Revised, updated,and expanded.
A remarkably thorough review of
all aspects of electrodynamics —
from elementary topics to such ad-
vanced topics as Kirchhoff theory
and Cerenkov radiation. $20.95

48705. FORECASTS, FAMINES
AND FREEZES. John Gribbin.
Fascinating report on the latest re-
search in climatology. Presents a
clear picture of the science, where it
isgoing, and what the dramatic
changes we see in today’s weather
patterns will mean for us tomorrow.

48630. THE FIRST GREAT CIV-
ILIZATIONS. Jacquetta Hawkes.
A distinguished English archaeolo-

ist has written an extraordinary

istory of the greatcivilizations of
Mesopotamia, the Indus Valley,
and Egypt. Big and lavishly illus-
trated. $12.50

54600. THE IDEA OF MAN.
Floyd W. Matson. Critical, percep-
tive analysis of the issues, theories,
and dogma surrounding our idea of
what man is. Looks at different
schools of thoughtand proposes a
fascinating alternate model of man
and his potential. $8.95

73165. QUANTUM ELEC-
TRONICS. Amnon Yariv. Classic
work incorporates all the latest ad-
vances in quantum electronics.
Containing 70% new material, it
deals with quantum mechanics,
electromagnetism, laser oscilla-
tion, nonlinear optics, and much
more. $20.95

62900. MONUMENTS OF CIVI-
LIZATION: Egypt. Claudio Bar-
ocas. Sumptuously illustrated por-
trait of the ancient pyramids and
temples of Egypt and the culture
that built them. Offers arichly
detailed account of history’s most
alluringcivilization—its sun-god
pharaohs and fallahs, architects and
slaves, religion and mythology, rise
and fall. Countsas 2 of your 3 books.
$19.95
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73330. ARANDOM WALK IN
SCIENCE. Compiled by Robert L.
Weber and Eric Mzndoza. A collec-
~ tion of jokes, short essays and
 poems on humorand humanityin
physicsandrelatedsciences.**. . .it
. is the best anthology of its kind |

~ haveseen.”— Martin Gardner.
' $12.50

56720.ISLAND OF ISIS. William
MacQuitty. A beautifully written in-
troduction to the culture, religion,
history and geography of ancient
Egypt. lllustrated with 37 full-color
and 81 black-and-white photo-
graphs. $14.95

34140. APPLIED ANALYTI-
CALMATHEMATICS FOR
PHYSICAL SCIENTISTS.
James T. Cushing. Deals with topics
ranging from spectral analysis of
linear operators tocomplex varia-
bles, togroup theory. Countsas 2 of
your 3 books. $19.95

Fronticrs
o

Astrophysics

49267. FRONTIERS OF
ASTROPHYSICS. Editedby Eu-
gene Avrett. A contemporary source
on astrophysical topics from recent
solar research, to neutron stars,
supernovae and intergalactic mat-
ter. %'o)unts as 2 of your 3 books.

50380. GLOSSARY OF CHEMI-

CAL TERMS. Clifford A. Hampel

and Gessner G. Hawley. Over 2,000

concise definitions geared to the
vocabutary of chemistry. Includes
all major chemical groups, all im-
portant functional terms, basic phe-
nomena and processes, all the
chemicalelements, and much

.’w’ more. $14.95

-
o

61530. MATHEMATICS DIC-
“TIONARY. Fourth Edition. Edited
131 Robert C. Jamesand Edwin F

eckenbach. Revised and expanded
edition of this leading mathematics
dictionary offers clear, accurate def-
initions of more than 8,000 terms.
$17.95
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41550. DANGEROUS SEA
CREATURES. Thomas Helm. A

richly detailed guide to the bizarre,
d captivating and menacing inhabi-
tants of the seas of the world. Sur-
veys the dangers posed by sea ani-
malsas it reveals remarkable facts
aboutthem. Includes 100 photo-
graphs. $9.95

53585. A HOUSEIN SPACE.
Henry S. F. Cooper, Jr.

Behind the scenes look at the ex-
periments, joys and horrors of pio-
neering in outer space. A fascinat-

- ingdocumentation of NASA's Sky-
lab experiments. $10.00

48710. THE FORCE OF
KNOWLEDGE. John Ziman. A
sound, contemporary guide, offer-
ing acomprehensive look at sci-
ence through its history and scien-
tists, its evolution from a cottage
craftintoa complex industry, to its
worldwide scope today. $15.95

How the Club Operates ® The Book Club News, describ-
ing the coming Main Selection and Alternate Selections,
willbe senttoyou 15 times a year at 3-4 week intervals. o If
you wish to purchase the Main Selection, do nothing and it
will be shipped to you automatically. e If you prefer one of
the Alternates, or no books at all, simply indicate your
decision on the reply form always enclosed with the News
and mail it so that we receive it by the date specified. ® The
News is mailed in time to allow you at least 10 days to
decide if you want the coming Main Selection. If, because
of late mail delivery of the News, you should ever receive a
Main Selection without having had the 10 day considera-
tion period, that Selection may be returned at Club
expense. ® Continued membership past the trial period
brings you the added benefits of our Bonus Book Plan —an
important way to save even more, at least 70% off
publishers’ prices.

The Library of Science
Riverside, New Jersey 08075

Please accept my application for membership and send me
the three volumes indicated, billing me only $3.95. I agree
to purchase at least three additional Selections or Alter-
nates during the first year [ am a member, under the club
plan described in this ad. Savings range up to 30% and
occasionally even more. My membership is cancelable any
time after I buy these three books. A shipping and
handling charge is added to all shipments. Send no money.
Members are billed when books arrive.

3 books for $3.95
Indicate by number the 3 books you want.

][ 1

A few expensive books (noted in book descriptions) count
as 2 choices.

2-2AG

Name

Address

City State Zip

(Offer good in Continental U.S. and Canada only. Prices
slightly higher in Canada.) Book selections purchased for '
professional purposes may be a tax deductible expense. '




recent study surveyed more than 50,000
children, both white and black. A third
of the children had been exposed to X
rays before birth, the rest were controls.
“The results were surprising.” The black
children showed no effects at all from
the exposure. For the white children at
risk, however, leukemia deaths were up
nearly threefold. That seems conclusive
enough in this sample of a dozen cases.
But the same sample of white children
showed a twofold increase in deaths
from ordinary accidents, beyond likely
fluctuations. Chance is mocking us here,
or there is some strange unknown bias
that must cast serious doubt on the sus-
pected causal connection.

For tobacco, and to a lesser degree for
alcoholic beverages, there is such many-
sided evidence of risk that the issue ap-
pears to be beyond doubt. The stakes are
not small: taking conditions as they
were in 1970 among American adult
white males, one can expect that about
a third would die before the age of 70.
Of these men dead before their time,
more succumb to preventable cancers
induced by cigarette smoking than die
of injuries as a whole, including those
caused by automobiles, homicide, sui-
cide and the war in Vietnam. In absolute
terms of death and misery we appear to
know now how to prevent some 100,000
cancer deaths per year, about one can-
cer death in three.

There is a fearful glitter about those
pages of this volume that graph, by the
site of the cancer, the deaths in city after
city across the U.S. Is there a healing
pattern hidden there, if only we canread
it? Other maps show county by county
the age-adjusted rates shaded according
to rank. For stomach cancer the map is
overshadowed by a cluster of well-to-
do rural counties in the north-central
states. There is a reason. Those counties
number many people of Scandinavian
descent. The big world atlas Cancer Inci-
dence in Five Continents shows the same
black shading in the home countries; for
stomach cancer in Americans “ethnicity
seems to be the major determinant of
geographic variation.” For bladder can-
cer we know that the aromatic amines
are, among other organic compounds,
specific carcinogens. British workmen
who manufactured certain dyestuff in-
termediates had about 30 times the
death risk of the general population
from this cause, with a 20-year incuba-
tion time. It is no surprise to see the
chemical counties of New Jersey black-
ened on the map of bladder cancer, but
does Detroit’s high rank suggest an
exposure—perhaps quite incidental—in
the automobile plants?

Another approach, today much dis-
cussed, is to search for a laboratory car-
cinogen in the environment and then test
the causal chain by the experiences of
daily life. Nitrosamines are powerful
carcinogens for rats. These compounds
“and their precursors can be found fre-
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quently in food.... They are at or near
the top of everyone’s food hazard list.”
Common medicines can produce them
in the stomach, particularly under con-
ditions of reduced acidity. They are
formed in the frying of bacon. Salt fish
too is a risk factor, which may show up
in the high Japanese rate of stomach
cancer, but smoked fish and the quite
different polycyclic hydrocarbons it
harbors overlap to cloud the issue:
“There has been no direct association
between these compounds and human
cancer even in the industrial setting.”
Ascorbic acid blocks nitrosamine for-
mation, so that maybe “the same indi-
viduals who put themselves at risk by
eating bacon every morning may be pro-
tecting themselves by preceding the ba-
con with orange juice.”

Polluted air presents a similarly un-
clear picture; there is the signal that
the polycyclic aromatic hydrocarbons
found in the tars taken from city air
cause cancer in animals. Quantitation is
difficult, but the authors of the relevant
survey conclude that it would be pru-
dent to regard the air pollutants—at the
level, say, of those measured in Los An-
geles 20 years ago—as being equal to the
enforced smoking of about half a pack
of cigarettes per day. (Controls have
since reduced that figure for Los Ange-
les by a factor of more than 10.)

The 32 chapters of this volume end
with two on present opportunity, both to
learn causes—with or without their
mechanisms—and to exert control. We
plainly need a stronger shield of preven-
tive medicine, which calls for many
things, from a way of paying for it to
fixing a balance between the privacy of
the individual and the utility of nation-
ally linked records, say for a death in-
dex. More data, more workers, more
trust, more recognition of the public
welfare; cancer begins here to appear
like a subtle social disease. “We are talk-
ing about people and not patients; if we
are trying to preserve life, we should be
looking at people before they are pa-
tients. That is the essence of preventive
medicine’—and also the aim of a
healthy social order.

UMAN ORIGINS: Louls LEAKEY AND

THE EAST AFRICAN EVIDENCE, ed-
ited by Glynn Ll Isaac and Elizabeth
R. McCown. W. A. Benjamin, Inc.
($17.95). LEAKEY’S Luck: THE LIFE OF
Louis SEYMOUR BAZETT LEAKEY, 1903-
1972, by Sonia Cole. Harcourt Brace
Jovanovich ($14.95). The drift of conti-
nental plates has generated the Rift Val-
ley, extending in its infinite variety from
the great inland seas to the complex
highlands of the Horn of Africa. For
some 20 million years the earth has been
active there, forming deep basins and
rapidly filling them with sediment, with
fast-flowing waters cutting through the
quick-spread layers of volcanic ash and
tuff. The land has long been as it now is,
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a shifting mosaic of arid desert and deep
forest, crater and lake, canyon and
steppe. Those ancient habitats have
been buried swiftly by the fine material
that can preserve tool, tooth and bone.
Since the Miocene our forebears, from
apekind to humankind, have lived there;
the evidence can be read in the book of
sediments whose pages are cut so clearly
in the gorges half a mile deep at famous
Olduvai and at Omo.

Louis Leakey was born to missionary
parents in a mud-and-thatch hut at Ka-
bete, among the Kikuyu of Kenya. “I
still often think in Kikuyu,” he wrote,
“dream in Kikuyu; and if my English is
not all that it should be...my excuse
must be that I would have preferred to
write it in the Kikuyu language.” An
aunt’s gift book (Days before History, by
H. N. Hall) started the 12-year-old boy,
already a collector, looking for flints.
But in Kenya there is no flint. He recog-
nized human flaking anyhow and be-
came an addict of the obsidian artifacts
that the Kikuyu knew well as “spirits’
razors.” The apt student learned French
well from his father, his governess and
at school in England, and he offered
with it Kikuyu for the two modern lan-
guages required under Part I of the
Cambridge Tripos. At that time the 19-
year-old Leakey was the only qualified
examiner in Kikuyu registered in En-
gland. (Although the undergraduate
legend still has it otherwise, he did not
examine himself: Leakey had taught
a senior tutor who knew the related
Bantu tongue Luganda enough Kikuyu
for the task.)

How Leakey, tireless, ebullient, bril-
liant, dogmatic and stubborn, built pre-
history and primate paleontology in the
Rift is told by both of these books. Hu-
man Origins is an anthology to which
protégés and colleagues alike have con-
tributed, a fascinating if often technical
overview of the state of Leakey’s art in
his region today (up to last year any-
way). It includes a couple of warmly ap-
praising articles about the man and his
life. Leakey’s Luck is a full-scale biogra-
phy, loving and detailed, by a well-
known English writer on prehistory who
has been a family friend since 1945.

One long citation somehow presents
the man in a light as clear as that in the
sunlit photograph in Cole’s book. Lea-
key was president of the third Pan Afri-
can Congress on Prehistory in Zambia
in 1955. Before the entire congress he
undertook a demonstration with un-
worked stone and the carcass of a fresh-
killed antelope. “Louis first made a
crude chopper, similar to an Oldowan
tool, with which he began the skinning.
Next he made a most convincing look-
ing cleaver, with which he deftly and
rapidly removed the rest of the skin. Fi-
nally he produced a neat backed-blade,
such as the Kenya Capsians might have
used, and dismembered the buck into
joints. ‘Now what about eating a bit,’



someone called out; and without flinch-
ing, Louis seized a leg and chewed off a vc b I d h t
piece of the raw meat. By this time he “l s l“ w a

was covered in blood.... Louis’s audi-

ence was amazed at how quickly it was other recelvers Ieave O“t-

possible to make the necessary equip-
ment and butcher an animal.” This am- A h I
bitious, zealous, theatrical man was no gmp Ic eq“a lzer’
helpful competitor, no polite debater. - T
but he knew his trade in depth. B~
What a trade he made of it! There are
popular books, of great influence but
less science, that dilate on the predatory
nature of man from this or that scrap of
African evidence. It was at the same
Zambian meeting that Professor Ray-
mond Dart laid the foundation for such
tendentious conclusions—always op-
posed by Leakey—by some patient and X ".' bl
plausible work with hundreds of thou- e BLLESSLEY
sands of bone fragments in a limestone
dump at Makapansgat in the Transvaal.

receivers (wath )ust bass treble and

The disarticulated animal bones Dart midrange) are conventional compared
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Alas (for grisly romance, for Dart’s
“predaceous armamentarium” and
Robert Ardrey’s “man the killer”), in the =—
arid valley of the Kuiseb River near

Walvis Bay there are today eight Hot- From Italy The Ultimate in How 21/2 Million
tentot villages. These people raise goats

for meat, then crack the marrow bones H lSTORlC SH'P Sma” Buyers Gef ]
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K. Brain presents (in Human Origins) his With the
careful count of the goat bones on the

ground; the census closely resembles FREE
that of the Dart find. The most durable

bones best survive the weather; the less quqyeﬂ'e
durable ones break up and disappear. I Catal

“The Makapansgat sample, like that aralog.

from the Kuiseb River, does in fact con-
sist of resistant skeletal elements, whose

frequencies follow a predictable pat- Vel fan e S

MANTUA kits: large magnificent

It's packed with thousands of the newest
stereo components, CB units, scanners

tern.” Occam’s razor has cut away the replicas (up to 51" long) with radios, ham gear, calculators, watches,
club makers. beautiful walnut planking and com- hobby kits, test equipment, electronic

Kenya has given us great personages ppnents and cast-b(ass details. parts and accessories and much more.
this century as well as the signs of early | Virtually museum pieces when 164 pages of better electronic values for

completed. Large-scale plans, En- your home, car and office. You'll get more

man. Leakey has a complex connection glish instructions, all materials in- for your money. Send for yours today.
with the Washington of his own repub- cluded. Also, hundreds of other
lic, the ethnographer-statesman, now superb Italian kits, plans and ac- r———————————————-]
His Excellency the President, Mzee CESSOTiCS: | Lafayette Radio Electronics Corp. |
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unigue tools,
handy kits,
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instruments,

technical
supplies.

Our 23rd year of service to the World's finest
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Here is a professional digital computer
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supply, card cage, PC Mother Board and
documentation. Unassembled, it’s $599.
Fully assembled, $931.
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childhood acquaintance, gave on behalf
of the president a touching eulogy: “It
was always his great gift to merge him-
self, quite unaffectedly, into any seg-
ment or arena of the diverse pattern of
mankind. And he would wish to be re-
membered, not in terms of any race or
nationality or tribe, but as a member of
the human species.”

Leakey never became a Fellow of the
Royal Society, let alone a recipient of
royal honors. By temperament and ne-
cessity he became all too clearly a push-
er and a promoter. Punch said it well in a
palpable hit of 1961, bravely cited by
Cole in full: “More secrets from the
past: Oboyoboi Gorge / What may well
prove to be the oldest crown cork known
to man has been found here by Dr. C. J.
M. Crikey, the anthropologist.” Neither
book has anything to say about what
rumor whispers, and inference makes
plausible, of the jealousies and covert
enmities that divide the followers of so
passionate a man and so intolerant a
reasoner. Yet the people for whom he
was a devoted protector and an enthusi-
astic stimulus continue their productive
work. Mary Leakey, for 40 years the
meticulous and perceptive balance
wheel to her husband’s taut spring,
makes, along with their archaeologist
son Richard, new finds of tool and bone,
revealing hominids three or four million
years old. The young women Louis re-
cruited worldwide for the study of free-
living primates are fruitfully watch-
ing chimpanzee, gorilla and orangutan.
News still pours out of the Rift; an inter-
national group of investigators there
finds more than ever year after year.
Leakey’s luck has not at all run out.

UTOMOTIVE OPERATION AND MAINTE-
NANCE, by E. Christopher Cone.
Volunteers in Technical Assistance,
Mount Rainier, Md. ($6.50). Technolo-
gy seems unified, all of a piece. The cars
in their multimillions, for example,
speed along freeways or bunch before
automatic signals. Here, however, we
glimpse another world of disparate
technology, the automotive frontier, in
Liberia or Papua or a hundred other
places, where the best and sturdiest
products of Detroit and Coventry and
Wolfsburg are on constant errands
of necessity over primitive surfaces.
“Bush,” or pioneer, roads cross bridges
made of three spanning logs, traverse
shallow fords, include potholes, boul-
ders, deep gullies and swamps, and show
no trace of pavement. The vehicles in
practical use there are the four-wheel-
drive models of many of the big manu-
facturers, familiarly Jeeps wherever the
Yankee dollar is available and Land
Rovers in sterling country. The ubiqui-
tous Volkswagen “because of its light
weight...can often be used in areas
where other 2WD vehicles could not
travel.”
Under these conditions automotive
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economics are different. “Most frontier
vehicles fall apart before the engine be-
comes old enough to need extensive
work. ... Precise tuning [and] fuel econ-
omy are usually secondary to keeping
the engine running.” Modifications be-
come useful. “In areas with poor bridg-
es, remove the cab doors if this is at all
practical.” The technique of driving
changes: “Keep the thumbs outside the
rim of the steering wheel. Although un-
natural at first,” the steering wheel will
not then dislocate the driver’s thumbs
whenever an encounter with an obstacle
wrenches the wheel forcibly out of his
hands. The rolling resistance on soft
sand or deep mud rises tenfold above
that on a good concrete road or six times
above that on a two-inch layer of snow.
Use inertia, and do nothing sudden:
“Pretend that there is a drinking cup sit-
ting on the front of the car, full to the top
with water [and] drive the car without
spilling a drop.”

The author of this exercise in fore-
sighted optimism learned his trade while
in charge of a fleet of vehicles in support
of a mission of the Order of the Holy
Cross in West Africa. He began, he
thinks, as a mechanically inclined nov-
ice, but experience and his colleagues
(“from unlettered Africans with an in-
born feeling for the capacity of a log
bridge to engineers with the largest cor-
porations”) taught him what he writes
here. His cheaply produced book in-
cludes sections on operations, on how to
get home in case of trouble, on diagnosis
and maintenance in a shop (‘no matter
how ill-equipped”) and on the choice of
a vehicle. What we see on page after
page is a splendid and convincing blend
of common sense and uncommon inge-
nuity. The choice of a vehicle is best
based on what other people are driving.
“Even a mediocre vehicle with available
parts is better than a great vehicle that is
down for lack of parts.” True, a broken
tie rod is rare. If one breaks, make a
tubular splint of metal, put the broken
ends within the tube, tie the outer ends
together and roll on. Where do you get
the sheet metal for the repair? Well, you
have a license plate. Bring water in a
hubcap, a hat, a large leaf, the knotted
sleeve of a raincoat, a plastic bag, the
toolbox or fuel can (after the spare fuel
has been put in the tank). A young
driver, or a class of them, and any nov-
ice mechanic would find this a book of
very considerable value even if he nev-
er plans to leave the smooth concrete.

The book is the most popular publica-
tion of the American voluntary organi-
zation called VITA, which tries to make
the experience of American engineers
and craftsmen available in various ways
to people in developing countries. The
Schenectady high school instructor and
his students who contributed some of
the simple and very helpful illustrations
for the book have set an example that
many a reader may want to follow.
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free for fifteen days.

Horticultural Science

JULES JANICK

“This revision of a popular college tex tbook
brings the reader up to date on changes and
advances that have occurred in horticulture
during the last ten years. . .. These additions
and changes strengthen a book that already
has been credited with doing a good job of
introducing the beginning student to horti-
culture and the sciences upon which it is
based. Also, it is good reading for those in-
cidentally interested.’’—Choice

Second Edition, 1972, 586 pp., 324 illus.,
24 tables, $15.00

Seed to Civilization

The Story of Man’s Food

CHARLES B. HEISER, JR.

’One of those rare books that manages a con-
cise and readable treatment of a difficult and
complex topic; itwill please both specialist
and novice.”—Ecology of Food and Nutrition
’One of the reasons for the liveliness and viv-
idness that permeate the pages of this book
lies in Heiser’s easy-style. Here is one out-
standing scientist who does not shrink from
popularizing his science.”

—Richard Evans Schultes, Economic Botany
1973, 243 pp., 84 illus., softcover $4.50

Plant Growth Substances in
Agriculture

ROBERT J. WEAVER

““Weaver deals with the substances from their
agricultural point of view, and he stresses
their commercial importance. The book . ..
goes beyond other books because of the ex-
tensive documentation. . . . An admirable
textbook because of the wealth of informa-
tion it contains. ... "

—The American Biology Teacher

1972, 594 pp., 147 illus., 6 tables, $25.00

To order any of these books,
use the adjacent reply card.
If card is missing, mail payment with order to:

[ |
.- W. H. FREEMAN AND COMPANY, 660 Market Street, San Francisco, CA 94104 ¢ 5

T

Examine any of these books
on food and agriculture

Plant Science
An Introduction to World Crops

JULES JANICK, ROBERT W. SCHERY,
FRANK W. WOODS, and VERNON W. RUTTAN
’QOutstanding. . .. It is written to give atten-
tion to the scientific, technological, and econ-
omic foundations of world crop production.
In this generously illustrated text, the subject
is developed under the following main head-
ings: Plants and Men, Nature of Crop Plants,
Plant Environment, Strategy of Crop Produc-
tion, Industry of Plant Agriculture, and the
Marketplace. . .. Very highly recom-
mended. . . . “"—Plant Life

Second Edition, 1974, 740 pp., 355 illus.,

61 tables, 10 boxes, $14.50

Plants, Food, and People

MAARTEN J. CHRISPEELS and

DAVID SADAVA

Here is a concise, nontechnical appraisal of
the role of plants in human nutrition. Among
topics covered are the fundamentals of human
nutrition, the essentials of plant biology, the
bases of agricultural practice, and the impor-
tant policy alternatives on food and popula-
tion. The book concludes with a detailed dis-
cussion of the history and limitations of the
*’green revolution’’ and a discussion of pos-
sible alternative food sources, including ex-
panded fisheries, aquaculture, and the micro-
bial production of protein.

Publication date: Spring 1977

Crop Production

Principles and Practices

STEPHEN R.CHAPMAN and

LARK P. CARTER

’An excellent text for a beginning course in
crop science. The coverage of topics is de-
tailed enough to be useful yet broad enough
togive students from various geographical lo-
cations the flexibility of studying their
desires.”’—Taylor J. Johnston, Michigan State
University

“Excellent. . .. Clearly written, well illus-
trated, and good format. It appears to be as
up to date as such a text could be.”

—K. L. Callahan, Greensboro College

1976, 566 pp., 221 illus., $15.00
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Food

Readings from Scientific American

With Introductions by JOHAN E. HOFF

and JULES JANICK

""An appetizing potpourri of well written, well
illustrated essays based on a broad interpreta-
tion of the word ‘food’. ... There are articles
on such widely divergent subjects as, ‘Smell
and Taste,” ‘Endemic Goiter,’ ‘Hybrid Corn,’
‘Beer,’ ‘World Agricultural Plan,’ ‘Marine
Farming'. ... There are bibliographies for
each topic and an index.’'—HortScience

1973, 268 pp., 226 illus. (104 with color),
hardcover $12.00, softcover $5.50

Pesticides
An Auto-Tutorial Approach

GEORGE W. WARE

Pesticides teaches the fundamentals of pesti-
cide chemistry; describes the various pesticide
compounds, how they work, and how they
may be handled safely; and discusses the value
of these twentieth-century ‘‘superchemicals.’’
The material has been carefully organized for
self-study.

“Should prove invaluable to those who are
interested in becoming familiar with pesticide
chemistry in a rapid and painless way. ... "
—HortScience

1975, 191 pp., softcover $5.95

Practical Insect Pest Management

A Self-Instruction Manual

THEO F. WATSON, LEON MOORE, and
GEORGE W. WARE

Here is a practical, self-instructional intro-
duction to insect pest management (IPM).
IPM combines a variety of techniques—
biological, chemical, cultural, and mechanical
control, increasing host plant resistance, and
legislative regulation—to create a management
scheme based on sound ecological principles.
The book includes details of IPM programs
now being used with cotton, corn, alfalfa,
tobacco, grain sorghum, peanut, citrus, vege-
table, tree fruit, and soybean crops.

1976, 196 pp., 23 illus., softcover $5.95

8 Kings Road, Reading, England RG1 3AA

219



JAVAUSIN (@AW

INSTITUTE OF
NAUTICAL
ARCHAEOLOGY

GEORGE F. BASS, President
MICHAEL L. KATZEV,
Vice-President

A non-profit, scientific and

educational organization

devoted to uncovering man’s

past as left in the physical

remains of his maritime

activities.

Join AINA and receive

these benefits:

® The Institute’s quarterly
newsletter

® Underwater archaeology books
at special rates

e Slides of Institutes projects
at special rates

® First notice of Institute tours

Join now and take advantage of
these special offers:
$5.95 A History of Seafaring based
on Underwater Archaeology.
George F. Bass, Editor.
(Original publication price
$22.50.)
$3.50 A set of twelve color slides
of the Kyrenia ship excavation
and preservation, with a
descriptive flyer. (Price to
non-members $6.00.)
American Institute of
Nautical Archaeology
Department S
P.O. Box 261
Philadelphia, Pa. 19106 USA
| wish to join AINA and take
advantage of the special offers:
Membership ($15,
$100, $1,000) $
A History of
Seafaring $5.95
plus postage:
50¢ domestic,
$1.00 foreign. $

Kyrenia ship
slides $3.50
(foreign air
mail postage
$1.00). $

TOTAL $

All orders must be accompanied by
a check or M.O. in U. S. dollars.

Name
Address
City, State, Zip
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THINKING ABOUI
YOUROWN
CONPUIER?

The last few years have seen a
remarkable quantum jump in the
cost effectiveness of computing
power brought about by the advent
of inexpensive microcomputer
systems. You've been reading
about these machines for some
time in the technical press. You've
seen stories of applications rang-
ing from specialized numerical
control systems for machine tools
to intelligent traffic light controllers.

One of the most exciting possibili-
ties which has come about as a
result of the inexpensive LSI com-
puter is the fact that a general
purpose computing system is within
the budget range of you, the
individual with an interest in the
technology and an appreciation of
both the intellectual challenge and
fun of building and using a per-
sonal computing system. There is
now a whole micro industry of

companies which package and
market microcomputer related
items as kits, finished products and
related items for personal use. The
products range from complete
system kits with hardware and
software to peripherals, software
and literature on the subject. But
where do you go to find out about
this personal involvement aspect
of microcomputer technology?

Turn to BU'[ , The Small Systems Journal for a wealth of
information on the personal use of computer systems. BYTE is a
monthly compendium of information you need for personal use
applications of microcomputers:

Theoretical:

e Computers are Ridiculously
Simple

e What is A Character?

e Total Kitchen Information
System

e The Magic of Computer
Languages

o Data Paths

¢ Processing Algebraic
Expressions

e The Software Vacuum

Speculations: ; .

e Buck Rogers and the Home O
Computer M

e Could A Computer Take Over? L/

¢ Frankenstein Emulation

e Biorhythm for the Computer

News and Reviews:

e Son of Motorola

e The LSI-11: A New Mini-
Microcomputer System

e Microprocessor Update:

Practical: CP-1600

¢ Build a Graphics Interface ¢ Microprocessor Update:

¢ Powerless IC Test Clip TMS9900

e Let There Be Light Pens e Assembling an Altair 8800

¢ Golf Handicapping By e The HP-65: World’s Smallest
Computer Computer System

e The COMPLEAT Tape e The SR-52: Another World’s

Smallest

The CT-1024 Kit
Build a 6800 System
With This Kit

Cassette Interface
e Assembling Programs By Hand
¢ Add A Kluge Harp to Your .
Computer

BU'[ is professionally edited and packed with the information
you need on this fast growing field of personal computer applications.
Don’t miss a single exciting issue. Order your subscription today,

PETERBOROUGH,

using the coupon below, or phone your request directly 'v BUI
& NH 03458

(call603-924-7217 and ask for the subscription department).
Please enter my subscription to BYTE...

[0 $12 One Year [] $22 Two Years
[J $30 Three Years
[ Bill me. [J Enclosed is my check for $
[ Bill BAC No. [ Bill MC No.
Credit Card Expiration Date
Name (Please Print)

Address

Please allow six weeks for processing

If you are into computers,
if you are planning [Jj
a computer of your own,
or if you’re just curious, .
State Zip s9

send this coupon today...
" City
AR EERSREDRP

subscribe to BYTE.

S/ T T T T LN
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transparencies. Originals from film
strip framesto4x5’s can be cropped,
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duced, corrected
for color balance
or density —with-
out guesswork.
Find out why so
many Illumitran
users already
consider it the

indispensable

. e

; k visual tool.
i~ :
1\ ‘-
= A Write today
. , for the
. complete
. story.

the new, more versatile
BOWENS ILLUMITRAN 3

BOGEN PHOTO CORP.

P.O. Box 448, Englewood, N.J. 07631
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CERAMIC \ '3{3; ‘f:"""
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Sharpening | | .
Rod ends
dull knives... | |
restores razor-sharp-
ness .gently, without \ ONLY
wearing down the blades! \ 5495

Entirely different, more A
effective than any sharpening |
tool you've ever used . .. \
at about one-third the cost \

postpaid

of a good sharpening steel!
Exclusive ceramic surface % " 4
gives knives super-sharp i
edge in just a few strokes
without harmful grinding
or wearing away of blades.
Ideal for sharpening any knife, |,
scissors or cutting tool you own!
Measures 13%” long, with solid |
ash handle and hanging thong. ' |

30-Day Money-Back Guarantee! | | |

Order yours today. Get FREE Disco;?ar'y
House Catalog, too. Send check or M.0.
(Calif. residents add 30¢ sales tax.) to
DISCOVERY HOUSE, INC , Dept. 657
17241 Murphy Ave., Irvine, CA 92713
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We made health
food long before it
became a fad.

In 1894, two brothers, Will and Dr. John Corn Flakes, like most of our ready-
Kellogg, named it Toasted Corn Flakes. to-eat cereals, are fortified with essential

They didn't make it with intentions vitamins and minerals.
of starting a cereal company. Instead, their Kellogg's fortified cereals and milk are
toasted corn flakes were developed for the  part of a breakfast that's low in cholesterol
patients at the Battle Creek Sanitarium. and low in fat. A typical one-ounce

Dr. John felt the need to find a lighter, serving of Kellogg's Corn Flakes® cereal,

hedlthier food to replace the heavy, fat- . _ by itself, is just 110 Calories.
ladened breakfast of the times. - Kellogg's Corn Flakes are light.

Ready-to-eat cerealsaren't thought ¢4 " Tasty. And nutritional.
of as "health food” today. You won't J Chances are,
find them among the rosehipsand _.. ¢ - there’s probably a pack-

age of our "health food”

the wheat germ in any health
in your kitchen.

food store.
Yet the whole idea
behind today’s attraction for
health food — pure and simple s
good nutrition —is what Kellogg's
is all about.

CORN FLAKES

®Kellogg Company ¢ 1976 Kellogg Company
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We're expecting a few extra people
for dinner tonight.
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Tonight, the world will have
213,000 more mouths to feed than
it had last night.

Unfortunately, we're not
growing food as fast as people.

But there’s still hope of revers-
ing the trend.

Modern technology is increas-
ing the production of staple food

Crops 1n many countries.

This “green revolution” is
something Union Carbide is very
much a part of.

We make insecticides that not

Another of our products

protects high-moisture feed grains
against spoilage from molds. So
more of the crop ends up as meat.

We've also developed better
ways to store, transport and
package food.

And we’re working on other
new ideas. Such as advanced
systems that save farmers up to
100 growing days a year.

An amazing gel that helps

© 1976 SCIENTIFIC AMERICAN, INC

only save food crops from bugs,
but destroy themselves afterwards.
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plants grow faster with less water.
And a sea farm where we're
raising salmon by the thousands.
Helping the world grow more
food is not the only thing we do.
But it’s one of the most important
Because those 213,000 guests
are coming — whether we’re ready

UNION
CARBIDE

Today, something we d¢
will touch your life.



Introducing
the world’s most powerful receiver.
165 watts per channel.
With the world’s least distortion. Only 0.08% THD:’

The Technics SA-5740. Maore power and less distortion than
any other receiver in the world at rated power. And that’s just
for starters.

The SA-5760 also has the reserve power you need to
float through complex musical passages without distortion,
clipping or instability. Because we use single-packaged dual
transistors in the differential amplifier stage of each channel.
Along with high capacitance filtering and a bridged rectifier.
There's also direct coupling and heavy power supply regula-
tion. So transient bursts in one channel remain isolated from
the other.

And you'll hear your records precisely the way they were
recorded. Thanks to "current mirror loading"—a radically new
circuit found in the SA-5760' phono pre-amp. The results
are an unsurpassed S/N ratio of 78dB. And a frequency
response that's accurate to within * 0.2 dB of the ideal
RIAA curve.

On FM, the signal being broadcast will be the signal
you'll hear because we use flat group delay filters in the
SA-5760' tuner section. As well as a Phase Locked Loop IC.
So you'll also receive 38dB of stereo separation at 10kHz
and 45dB at 1kHz. As well as inaudible distortion and a

Ryepe m’ ey (b ~ 5 ik o A5 ,&’ b

frequency response that actually exceeds the response of
FM broadcasts.

The SA-5760' controls are as sophisticated as its
circuitry. Like a 26-step true attenuator click-stop volume
control. Negative feedback tone controls with turnover
selector. Two-way tape-to-tape dubbing. A truly linear
signal-strength tuning meter for AM and FM that works
the way other meters don’t: accurately. And all the other
refinements you'd expect from the world’s most
powerful receiver.

And to complement the SA-5760, Technics has five other
new stereo receivers. All with excellent power. Outstanding
performance. Sophisticated circuitry. And all at a good
price. The concept is simple. The execution Is precise.

The performance is outstanding. The name is Technics.

% 145 watts per channel, minimum RMS, into 8 ohms from 20He 1o 20kHz with
no more than 0.08% THD [total harmonic distortion)

Technics

by Panasonic
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