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I was extremely fortunate to have had the
opportunity to be a member of the Interna-
tional Rice Research Institute (IRRI) team of
scientists assigned to the varietal improve-
ment project that led to the development of
IR 8, IR 5 and other rice varieties, the building
blocks to increased rice production throughout
the World.

Let us review briefly the events that brought
about drastic shortages of rice and other food
-grains beginning in the late 1930’s and in some
areas even earlier.

During the 80 year period, 1850 to 1930,
World population doubled from one billion to 2
billion. This was followed by another doubling
of population in only 35 years, (1930 to 1975), to
4 billion people. By the year 2010 World popu-
lation is projected at about 8 billion. This
means that 1975 rice production must be dou-
ble by 2010. )

Agricultural production of our food grains
started to intensify as population expanded in
the late 1800's meeting the demand for food
grains for the expanding population.

When I began my career as a rice breeder in
1931 at the Texas A & M Experiment Station
near Beaumont, Texas, there had been little
intensified production of rice except in Japan.

By 1945 there were some critical shortages
of rice, particularily in tropical Asia. Urban
populations were exploding, which intensified
rice shortages.

Tropical Asian farmers produced rice for
their families and neighbors but not a suffi-
cient amount for the rapidly expanding urban
populations,

Due to the extremely critical shortages of
rice occurring in South and Southeast Asia
some tropical Asian countries were importing
large amounts of rice from surplus producing
nations. By the mid 1950’s it was obvious that
something had to be done within the tropical
Asian countries to increase domestic rice pro-
duction,

In 1960 steps were taken by the Ford and
Rockefeller Foundations that led to the found-
ing of the International Rice Research Insti-
tute in the Philippines in 1962 with the man-
date “why are rice yields so low in tropical
Asia and what can be done to improve
them ?”

High vielding varieties from temperate
regions had been brought to tropical Asia but
they were unable to withstand the rigors of the
adverse tropical environment-floods, drought,
weeds, diseases, insects, rats and soil prob-
lems.

The tropical indica rice varieties grown
throughout tropical Asia could withstand the
droughts, floods and the other environmental
adversities most of the time but yields were
very low with farmers producing little more
than immediate area requirements.

Nitrogen fertilizers, so effective in increas-
ing vields in temperate regions, did not
increase grain yields of the late maturing, tall,
profuse tillering tropical indica varieties
because of their excessive plant height.
Applied nitrogen fertilizer increased lodging
and actually reduced grain yields.

When the simply inherited semi-dwarf genes
were found in China and Taiwan, a method of
reducing plant height of tropical indica vari-
eties was available to plant breeders. Such
genes had been available to sorghum breeders
since the late 1920’s and to wheat breeders
since the 1940’s.

IRRI breeders were fortunate in that the
eighth cross (Peta/Dee-Geo-Woo-Gen) made at
the Institute produced IR 8 which possessed a
number of the essential traits that were
required in tropical Asia. These traits were :

O Short plant height

O Sturdy stems

© High tillering ability

o Erect leaf habit

¢ Nitrogen responsiveness (produced

. very high grain yields when nitrogen
fertilizer was applied)




¢ High grain yield

Within one year from the time IR § was
selected in 1964, agronomists were producing
vields approaching 12 t/ha. This was at a time
when farm yields in tropical Asia were below
2 t/ha in many countries.

The tropical indica parent of IR 8 was Peta
from Indonesia. It was tall, high tillering and
late maturing but had erect leaves.

Dee-Geo-Woo-Gen the semi dwarf parent
from Taiwan possessed early maturity, the
simply inherited dwarf gene and sturdy stems.

IR 8 selected from this cross combined all of
the desirable traits of hoth parents.

Seeds of IR 8§ were sent to all Asian coun-
tries along with suggested farming practices
for producing high yields. Overnight there was
a wide spread interest in developing similar
varieties adapted to each interested country
which included most Asian rice growing coun-
tries as well as other World countries.

In some countries, varieties slightly taller
than IR 8 were better adapted. This gap was
filled by IR 5 selected from a cross between
the Peta variety and a moderately tall variety,
Tankai Rotan from Malaysia. IR8 and IR 5
and the breeding methods used at IRRI
revolutionized rice breeding programs
throughout Asia.

IR 8 and IR 5 varieties proved that it was
possible to produce high grain vields in tropi-
cal Asian rice fields. The characteristics previ-
ously described made it possible to utilize the
vigorous growing tropical indica varieties
which could withstand the adverse environ-
ment of tropical Asia.

The food crops needs of the World can be
met through the 20th Century, but it will
require close cooperation and interaction
between scientists from ‘many disciplines as
well as strong government support.
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Rice was first domesticated in southern
China and northeastern India——probably in-
dependently—about 8,000 years ago. Con-
stant human selection for improved traits has
modified domesticated rice varieties from
their wild progenitors so much that domes-
ticated rices can no longer survive in the wild
state. The simple acts of reaping and sowing
for example are selective. Primitive humans
may not have known it, but they started the
first rice breeding programs when they began
to grow rice plants for their own use. Most
primitive farmers have a keen eye and a sensi-
tive feeling for plants. Millions of rice farmers
have applied this keen insight and sensitivity
for thousands of years to select better vari-
eties.

Selection was first practiced on the variable
and heterogeneous wild and semi-wild popula-
tions, which must have narrowed genetic vari-
ability. However, several mechanisms in prim-
itive agriculture, such as the introduction of
varieties from one region to another and occa-
sional natural crosses enhanced variability for
further selection. Natural crosses between the
domesticated crop and the weed complexes
were another source of variability. The third
source of variability were the varietal mix-
tures that primitive agriculturists grew as a
protection against disease epidemics. Occa-
sional intercrosses between component vari-
eties gave still more variability. This con-
scious and unconscious selection by humans
led to the development of over 150,000 wvari-
eties grown around the world. ’

The foundations of modern plant breeding
were laid between 1700 and 1900, The 1694
discovery of sex in plants and hybridization
beginning in 1719 paved the way for the artifi-
cial creation of variability. During this period,
scientists proposed the “cell theory” and dis-
covered the existence of nucleus, chromo-
somes and reduction division to produce
gametes and fertilization . The phenomenon of
sterility was noted in interspecific crosses and
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the inheritance of characters was studied.
Dawin's books on The Origin of Species by
means of natural selection and the effects of
cross and self fertilization in the vegetable
kingdom enhanced interest in plant breeding.

The scientific basis of plant breeding has
been enhanced tremendously during the 20th
century, New breakthroughs have resulted in
the refinements of two phases of plant breed-
ing: The evolutionary phase (creation of
variability) and the evaluationary phase {selec-
tion of superior combinations).

The International Rice Research Institute
(IRRI} was established in 1960 to apply science
to agriculture to increase the production of
rice, which provides more than half of the total
food of one of three persons on earth. In 1962,
IRRI scientists crossed Dee-Geo-Woo-Gen, the
same chinese variety that had given TNI1 its
semidwarf plant stature, with Peta, a vigorous
variety from Indonesia.In late 1966, IRRI
released the wvariety IR8 from that cross.
Because of its lodging resistance and response
to nitrogen, IR8 could vield to two three times
more than traditional varieties. IR matured in
135 days vs.160 70 180 days for traditional
varieties.

By the late 1960s, IR8 was planted widely in
several countries of Asia. But IR8 had several
faults. It was susceptible to diseases and
insects, and its grain quality was generally
considered poor. It was attacked by Tungro
virus and bacterial blight diseases, and by the
brown planthopper. Fortunately, IRRI laun-
ched efforts immediately after the release of
IR8 to incorporate disease and insect resis-
tance, good grain quality, shorter growth dura-
tion and tolerance to poor soils into a series of
high yielding varieties. The first inprovements
on IR8 were IR20 released in 1969 and IR26 in
1973. Twenty two others were doveloped in
successton. These varieties are widely grown
in tropical and subtropical countries of Asia,
Africa and Latin America,

IR36 became the most widely planted vari-
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ety of any food crop in the world by 1982, when
it was planted on more than 10 million hec-
tares of rice land. The widescale popularity of
IR36 is due to its genetic resistance to a dozen
diseases and insects, in addition to its high
vield potential and grain quality. JR36 also
performs well under adverse condition such as
drought and poor soils. It matures in only 110
days. Farmers who plant IR36 can grow
another crop of rice or an upland crop either-
before or after rice.

Today, Thousand of breeding lines devel-
oped at IRRI are shared with national rice
improvement programs in other countries. Im-
proved varieties developed by IRRI and
cooperating countries are now planted on 55
percent of the third world’s rice land, and their
increased production feeds two-thirds of a
billion people. World rice production increased
from 257 million tons in 1965 to 468 million
tons in 1985 ——92 percent in 20 years. Most
rice-producing countries have become self suf-
ficient, some are diverting rice lands to other
crops because of over-production.

However, we cannot afford to be compla-
cent. Today’s world population of 5 billion will
reach 6 billion by the year 2000 and 8 biilion by
2020. Most of this increase will occur in Asia,
where more than 90 percent of the world’s rice
is grown and consumed. Therefore the major
challenge rice breeders now face is to breed
varieties that yield higher, with greater yield
stability.

Innovative breeding methods and emerging
techniques of biotechnology are being used to
achieve these objectives. Hybrid rice with 15-
20 percent yield advantage over the current
range of improved varieties has become a
reality in China. Genes from wild species are
being moved with greater ease than before.
Tissue culure expedites the breeding cycle.
Recombinant DNA technique will soon be
available that will permit movement of useful
genes from any living organism to rice. The
conventional breeding methods when sup-

10

plemented with the emerging techniques will
help achieve the rice improvement goals.

Rice breeding today is an international
effort, involving scientists worldwide. IRRI is
supported by an informal organization of 34
donor agencies called the Consultative Group
on International Agricultural Research
(CGIAR). The government of Japan is third
largest donor to the CGIAR. Numerous
Japanese scientists have made notable contri-
butions to rice science and improvement. Half
of the world's yearly scientific literature on
rice science is published in Japan.

The recognition of IRRI's work by the

_awarding of the 1987 Japan Prize will vastly

help generate additional support for rice
improvement in the developing nations. This
will help achieve the noble goals of “peace and
prosperity for all”, set by the Japan Science
and Technology Foundation.
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The word LASER is an acronym for Light

Amplification through the Stimulated Emis-
sion of Radiation.
Lasers generate a very special kind of light
called coherent light. Ordinary light is made
up of many different frequencies or wave
lengths. There interfere with one another and
cause the light to spread out as it travels. By
way of contrast, the coherent light of laser
beams consists of a single frequency (or color)
which can travel billions of kilometers without
spreading out enough to be undetectable.

The coherent light produced by lasers has
two additional properties that are significant.
First, it can be focussed into very small spots
——about a hundred millionths of a square
centimenter, for example. This makes lasers
of great interest for efficiently transporting
energy and delivering it accurately to
apinpoint location. It is this aspect of lasers
that makes them of use as scalpels in surgery
or welding devices on production lines.

The second interesting property of lasers is
that their high frequency beams can be used to
convey massive amounts of information. The
electromagnetic signals which bring us radio
or television programs, for example, are like
small country lanes when compared to the
informational freeways provided by the laser.

Today there are hundreds of different kinds
of lasers, but a few of them dominate most
applications. For example, solid state lasers
use crystalline materials such as the synthetic
ruby with which I produced the first coherent
light. Today many solid state lasers use a
synthetic crystal called YAG (an acronym for
Yttrium Aluminum Garnet). These lasers are
used extensively for cutting, drilling, soldering
and welding a wide range of materials, They
are also employed in many medical proce-
dures.

Another popular laser uses carbon dioxide
gas to generate powerful beams in the infra-
red portion of the spectrum. Such beams are
invisible to the human eye and deliver their

energy in the form of very intense heat. For
this reason, carbon dioxide lasers are frequent-
ly used in materials processing and medicine.

Some lasers use ionized forms of gases such
as krypton and argon. They emit colorful
beams of light red, yellow, blue, green, blue
violet or ultra-violet, Because of their vivid
colors, these lasers are used in the dazzling
light shows associated with the world of enter-
tainment. However, they are also useful in
medicine, photography and the manufacture of
compact audio discs.

The helium-neon laser emits a beam of red
light of verv low power. Used with care, it is
thus safe enotigh for such things as classroom
demonstrations, aligning optical systems or
establishing straight lines for road and tunnel
construction. '

The last class of laser in general use is a
tiny, transistor-like semiconductor device. It is
used to send information in the form of tele-
phone conversations, computer data, or tele-
vision signals through glass fibers about the
size of a human hair. You may already have a
laser or two of this kind in your home, for they
constitute the heart of compact disc players.

Probably no one is more pleased and sur-
prised than I about the diversity and extent of
laser applications today. However, the one
which gives me the greatest personal pleasure
and satisfaction is the field of medicine.

One of the first practical applications of the
laser used a ruby laser to repair detached
retinas. Today doctors use lasers extensively
in opthalmology to treat sarcoma and as an
aid in cataract operations. The laser is used in
pediatry, gynecology, brain surgery and gas-
troenterology.

Last year nearly one million people through-
out the world received some form of laser
medical treatment,

How and why did the laser come about?
Some 28 years ago (around 1958) a number of
scientists started to think about making coher-
ent light. They knew that if coherent light
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could be achieved they could use it to convey
10,000 times more information than with any
existing electromagnetic signal such as micro-
waves. They knew also that because of its
focussing properties such a beam could deliver
immense amounts of energy with great accu-
racy, a characteristic which would lend itself
to applications from welding to surgery.

Not all the scientists of the time were
convinced that coherent light could be
produced, so that those working in the field
faced skepticism from their colleagues.

However, many scientists were intrigued by
the possiblity of making coherent light and
highly motivated to be the first to produce it.
Interest and activity quickly built up to the
point that an intense international race began,
one involving many of the major industrial and
university laboratories throughout the world.

A particularly notable paper was published
in- the December 1958 issue of the Physical
Review. This paper discussed several possible
approaches to making a laser and made a
specific proposal. The proposal stimulated
several scientists and thus increased the heat
of competition——but unfortunately it didnt
work.

In the meantime, I had been working on
another device known as a maser, The maser
I worked on produced coherent microwaves by
means of a synthetic ruby crystal.

Like many other scientists at the time, I~

became intrigued with the possibility of gener-
ating coherent light. When I looked into the
matter, I was at first discouraged for I found
some published data which said that certain
properties of rubies made them very unfavor-
able candidates to produce coherent light. I
thus turned my attention to a number of other
materials, but found problems with all of
them. '

I then returned my attention to the ruby.
Since certain aspects of this material were
beneficial, I decided to study the difficulties in
detail to see if I could overcome them. When I
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made a series of careful measurements, I
discovered to my surprise that the published
data was incorrect (by a factor of 701). I
concluded that while ruby was still theoreti-
cally a difficult material to “Lase”, it was in
principle workable,

At this very moment, one of the authors of
the 1958 Physical Review article announced at
a professional meeting that ruby would never
work. At the industrial laboratory where I was
emploved, my project was not popular and I
received little support. But now as a result of
these comments it was even more difficult for
me to proceed. A leading expert in the field
had publicly stated that my approach would
lead to a technical dead end.

Nevertheless, I was so highly motivated by
what I was doing [ insisted on proceeding with
my project, despite growing criticism from the
administrators of the laboratory in which I
worked and admired experts in the field.

On May 16, 1960 [ was able to generate the
first coherent light in the form of a burst of
deep red light from a small ruby crystal.

I think my experience may hold a valuable
lesson for those pursuing advanced research :
if you are convinced you are right, persist in
your work despite the skepticism of those
around you, and vou may succeed in accompli-
shing something that no one has ever done
before.

What does the laser hold for the future ? The
laser has already shown its versatility in many
diverse applications——from a diagnostic
research tool to removing birthmark, from the
treatment of cancer to the guidance of
weapons, from price code readers at super-
market checkout counters to the new compact
disc players. :

In the future, I expect that computers will

communicate within themselves and with each

other by means of fiber optic networks. In
addition, the optical computers of the future
{now under development in laboratories) will
be laser-driven and many times more powerful
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" than today’s most advanced digital models.

I also see the Atlantic transoceanic wire
cable being replaced by laser-driven optical
fibers, and similar fiber cables spanning the
entire Pacific ocean.

The laser revolution already underway in
medicine will expand dramatically. Esentially,
every doctor's office will have at least one
laser, and almost all surgery will be performed
by laser. The reason is simple : compared to
conventional surgery, laser surgery means less
bleeding, less pain, less anesthetic, fewer com-
plications, less scarring and faster healing.

These are a few of the future applications of
the laser that I can foresee. However, I hope
that minds better than my own will invent
many more uses for thisversatile device, and
that the laser will outstrip its origins as a
simple invention and become a valuable ser-
vant for the future of mankind.




