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Genetics of Japan, Past 


In  a review of the history of genetics 
in Japan, the name of Chiyomatsu Ishi- 
kawa comes first. Ishikawa was one of 
the few oldest graduates of the Univer- 
sity of Tokyo who majored in zoology. 
He went to Germany as a postgraduate 
student, took his degree at  the Univer- 
sity of Freiburg, and served for some 
years as an assistant to Weismann. He 
later became professor of zoology in the 
College of Agriculture at the University 
of Tokyo and was a devoted disciple of 
Weismann and Weismannism until his 
death. The joint papers that Weismann 
and Ishikawa published in 1887, 1888 
and 1889 (1) were concerned with the 
maturation and fertilization of the egg 
of the water flea. These papers dealt 
with cytological and genetical problems 
that might interest even some present-
day investigators. 

Among his pupils and associates in the 
College of Agriculture, Ishikawa had 
Toyama, who became an assistant pro- 
fessor under Ishikawa and taught seri- 
cultural science. Ishikawa apparently 
suggested that Toyama investigate the 
spermatogenesis and embryonic develop- 
ment of the silkworm. When the redis- 
covery of Mendelism was announced, 
both Ishikawa and Toyama took great 
interest in this new biological principle, 
and the latter immediately focused his 
studies on the heredity of various charac- 
ters of the silkworm. Undoubtedly, the 
silkworm was one of the few animals 
suited for the study of Mendelism, for a 
number of varieties with respect to egg 
color, larval markings, and cocoon char- 
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acters had been isolated by the older 
breeders. Moreover, such a study prom- 
ised to contribute something to practical 
sericulture. 

Silkworm 

Toyama's first paper on silkworm 
genetics was published in 1906 (2 ) .  This 
was one of the earliest papers on Men- 
delism in animals, including Bateson and 
Punnett's on poultry, CuCnot's on mice, 
and Lang's on Cepaea, the land snail. 

One of Toyama's early works was con- 
cerned with the inheritance of cocoon 
color. He crossed a race that produced 
a white cocoon with a race that produced 
a yellow cocoon and found that the 
colors segregated in the progeny in typi- 
cal Mendelian fashion. Toyama also 
worked on the inheritance of larval 
markings, egg colors and shapes, and 
some physiological characters. The most 
important and bcst known of Toyama's 
discoveries was the maternal inheritance, 
which he confirmed in the inheritance of 
certain egg-color types in 1913 ( 3 ) .  

Toyarna also discovered the superior- 
ity in vigor and productivity of the F, 
hybrid between certain unrelated races. 
He had conducted for several years a 
large-scale experiment on this problem 
under the auspices of the Governmental 
Sericulture Experiment Station. The re- 
sults were published in 1917, and con-
firmed the superiority of the I.', hybrid 
in respect to growth rate, vigor, and 
quantity of cocoon fiber. R e  thus recom- 
mended the breeding of such hybrids to 
the breeders of the whole country. This 
\\as certainly a great discovery, some-

thing like that of hybrid corn from the 
practical viewpoint. Recently, I was in- 
formed of a hybrid strain of silkworm 
called J 122 established by one Nobu 
Nakazato. This strain is now recognized 
for various reasons as one of the best (or 
perhaps the very best) strains, and is 
being reared extensively in Japan. The 
value of the annual increase of yield due 
to the use of this strain is estimated at 
3000 million yen, which is equivalent to 
$8.3 million. 

Toyama's untimely death took place 
in 1918 in the midst of an active life. 
His investigation of silkworm genetics 
was handed down to several younger 
workers. Tanaka took the leadership of 
this group. He is a graduate of Sapporo 
University. He became assistant profes- 
sor of sericultural science in the same 
university. He later moved to Kyushu 
University and taught sericulture and 
genetics. H e  has devoted himself to the 
study of silkworm genetics and has made 
important discoveries. Many men who 
are now engaged in the genetics and 
breeding of the silkworm in various parts 
of Japan are Tanaka's former pupils. 

The silk~vorm culture is an ace-old. 
u 


great industry of Japan; raw silk and 
silk fabrics had been the country's most 
important export goods for many years. 
Naturally, great effort was made to pro- 
mote scientific studies of the improve-
ment of sericulture and filature. A state 
institute on a fairly large scale devoted 
entirely to this purpose was established 
in 191 1 and is still in existence. Several 
prefectures run local sericulture expcri- 
ment stations. Three schools of college 
grade trained many young men for the 
practice or teaching of sericulture. These 
colleges now form parts of local universi- 
ties. Really, no other insect among the 
many hundred thousands of species has 
been studied so intensively, and no other 
country has ever spent so much rnonev 
for such a study. I t  is only natural that 
Japan is unrivaled in this particular field 
of study, and this is particularly true of 
the genetics of this insect. The bibliog- 
raphy of the comprehensive Genetics of 
the Silkworm ( 4 )  edited by Tanaka re- 
fers to nearly 1000 papers, of which at  
least 80 percent were written by Japanese 
investigators; and the majority are papers 
on genetics. Another book on the genetics 
of the silkworm, entitled T h e  Recent Ad-
vances in Gene Analysis of the Silkworm 



(5) and writ ten b y  five leading contem-  
porary si lkworm geneticists, enumerates 
210 di f feren t  genes tha t  are distributed 
i n  15 linkage groups. T h u s  t h e  genetic 
studies o f  the  si lkworm f o r m  a n  impor- 
tant  part o f  t h e  contributions o f  Japan- 
ese investigators t o  the  advancement of 
genetics i n  general. 

I f  I m e n t i o n  t h e  outstanding contribu- 
tions m a d e  b y  our si lkworm geneticists 
t o  genetical science i n  general, apart 
f r o m  Toyama's  works tha t  I have al-
ready mentioned,  first comes Tanaka ' s  
discovery o f  t h e  absence o f  recombina- 
t ion  i n  the  female ,  w h i c h  is the  hetero- 
gametic sex i n  moths .  T h i s  phenomenon 
stands i n  contrast t o  t h e  s i m ~ l a r  phenom- 
enon k n o w n  i n  Drosophila, i n  which  re- 
combination docs no t  occur i n  t h e  male  
sex. T h i s  discovery o f  Tanaka's  i n  1913 
came very shortly a f t c r  t h e  discovery o f  
t h e  analogous phenomenon i n  Drosoph-
ila ( 6 ) .  

N e x t  I m a y  ment ion  t h e  m o d e  o f  scx 
determination which  was worked out  
more  recently primarily b y  Hashirnoto 
and Taz i ina  ( 7 ) .  Sex  dctcrmination i n  
t h ~ 'si lkworm is very d i f f ercn t  f r o m  that  
i n  Drosophila. I t  is extremely simple and 
clcar-cut. T h e  i Y  chromosome is en-
tircly responsible for this mechanism. 
T h e  presence o f  a single \ I T  chromosornc 
is sufficient t o  produce the  fcrnale sex, 
irrespective o f  the  number  o f  Z chromo- 
somes and autosomes. T h u s ,  

Even  combinations such as 3.4 + Z Z W ,  
3A + Z Z Z I V ,  and 4 A  + Z Z Z W  have been  
found t o  b e  female .  T a z i m a  has endcav- 
ored t o  detcrmine the  exact locus o f  t h e  
gene or gene complex  for t h e  femalc  scx. 
H e  obtained dcletions o f  various parts o f  
t h e  \V chromosornc b y  means o f  x-ray ir- 
radiation and has obtained evidence tha t  
t h e  gene or gene complex  tha t  is respon- 
sible for t h e  mechanism o f  sex determi-  
nation is apparently localized i n  a part 
o f  this chromosome. N o  conclusive da ta  
for  t h e  presence o f  a gcne or a gene com-  
plex that  is responsible for the  m a l e  sex 
have been  found .  

T h e  mechanism o f  sex determination 
is going t o  have a practical significance 
very shortly. I n  the  si lkworm, t h e  m a l e  
is considered t o  b e  superior t o  t h e  female  
f r o m  a practical viewpoint .  T h i s  is be-  
cause t h e  m a l e  larvae grow faster t h a n  
t h e  female  larvae, t h e  proportion o f  t h e  
fiber layer i n  t h e  m a l e  cocoon is signifi- 
cantly greater t h a n  tha t  i n  t h e  female  
cocoon, and the  fiber o f  t h e  m a l e  cocoon 
is more  u n i f o r m  i n  its fine texture.  T h u s ,  
i f  the  sex o f  a si lkworm can b e  distin- 
guished i n  a n  early larval or egg stage, 

it would be very valuable f r o m  t h e  
practical viewpoint .  T a z i m a  has obtained 
a strain having a piece o f  t h e  second 
c h ~ o m o s o m e  translocated t o  the  TV chro-
m o s o m e  ( 8 ) .  T h i s  second chromosome 
piece carries t h e  dominant  gcne "Sable," 
n h i c h  gives the  larva a characteristic 
sooty color and the  egg a dark color. 
' h i s  c h a ~ a c t c r  serves as t h e  marker for 
the  female  scx. T h e  young larvae tha t  
exhibit this color i n  this particular strain 
are invariably females. T a z i m a  has suc- 
ceeded i n  making this translocated piece 
so short that  it docs no t  interfere w i t h  
thc  vitalitj o f  the  insect. H e  has also 
succeedcd i n  rearing a n e w  strain i n  
~ \ h i c h  t h e  sex can  bc  distinguished i n  
t h c  egg stagc, b y  combining t h e  trans- 
located strain w i t h  another strain tha t  
is charactcrizcd b y  a light egg color. I n  
this n e w  strain, all dark-colorcd eggs are 
fcmale,  whi le  all light-colored eggs are 
male.  T h e s e  eggs are laid i n  a mix ture  
b y  heterozygous mother  moths .  T h e  eggs 
are detached f r o m  t h e  pasteboard as 
grains, and separated into t w o  groups b y  
using a machine especially devised for  
this purpose and u t i l i ~ i n g  a photoclectric 
e f f e c t .  

For a general survey o f  t h e  contribu- 
t ion  o f  s i lkworm gcnctics t o  the  sericul- 
tural industry, I m a  j quote a recent note 
b y  Y o k o y a m a  ( 9 ) ,  w h o  is at present 
director o f  t h e  Government  Sericulture 
Expcriment Station. I n  this note Y o k o -  
yama comparcs t h e  figure for 191 1 w i t h  
that  for 1951 i n  respect t o  thc  total yield 
o f  raw silk, o n  the  one hand,  w i t h  t h e  
total amount  o f  t h e  eggs used for t h e  
culture and t h e  total area o f  t h e  m u l -  
berry plantations, o n  t h c  other. T h c  yield 
o f  raw silk happened t o  b e  nearly t h e  
same i n  these t w o  years, whi le  t h e  
amount  o f  the  eggs used i n  1951 was 
only 19 pcrcent o f  t h e  amount  used i n  
191 1, and t h e  land area o f  mulberry 
plantation i n  1951 was only  40 percent 
o f  tha t  i n  1911. T h e s e  facts plainly show 
t h e  extent  o f  the  i m ~ r o v e m e n t  tha t  has 
been  accomplished b y  our geneticists i n  
the  breeding o f  t h e  si lkworm. 

Goldfish and Oryzias 

N e x t  t o  t h e  si lkworm, t h e  animals 
that  early Japanese geneticists used as 
materials for their studies were goldfish 
and another freshwater fish, Oryxias 
(Aplocheilus) latipes, which  w e  call 
"Rledaka." T o y a m a  did some genetic 
work o n  the  goldfish bu t  did no t  get any 
striking results. His work was succeeded 
b y  tha t  o f  Higurashi ( 1 0 )  and further 
b y  tha t  o f  Matsui  ( I I ) ,  b o t h  o f  w h o m  
worked i n  t h r  Fisheries Institute o f  t h e  
Department o f  Agriculture. 

Oryzias has a n  advantage over t h e  
goldfish i n  its smaller size, quicker de- 

v e l o ~ m e n t .  and i n  its hardiness. T h i s  
fish is c o m m o n l y  found  i n  rice paddies 
all over Japan.  I ts  red and whi te  vari- 
eties are o f t e n  kep t  w i t h  goldfish i n  Japa- 
nese homes .  Ishihara, w h o  was a profes- 
sor o f  h u m a n  physiology i n  K y u s h u  
University, did some work  o n  thc  genet- 
ics o f  this fish, and published a paper i n  
1917 ( 1 2 ) .More  extensive breeding stud- 
ies o f  this fish were conducted b y  Aida  
i n  Kyoto ,  and his paper appearcd i n  t h e  
1921 issue o f  Genetics ( 1 3 ) .  H e  dis-
closed i n  this paper the  presence o f  a 
gene for  red body  color i n  t h e  Y-chro-  
mosome and its transfer b y  crossing over 
t o  the  X-chromosome.  T h i s  discovery 
coincided w i t h  Winge ' s  discovery tha t  
disclosed esscntially the  same fact  in the  
tropical fish Lebistes. T h e  paper o f  A ida  
interested all geneticists, for i t  clearly 
demonstrated the  presence o f  a gene i n  
t h e  Y-chromosornc and also crossing over 
i n  thc  heterogametic sex, neither o f  w h i c h  
had been  demonstrated at tha t  t i m e .  

Inf luence of R. B. Goldschmidt  

A n  event  tha t  should no t  pass without  
m e n t i o n  i n  the  history o f  Japancse genet- 
ics was R. B. Goldschmidt 's  sojourn i n  
T o k y o .  Goldschmidt  visited J a p a n  first 
i n  1914 t o  collect materials for  his work  
o n  Lymantria. H e  was a n  old friend 
o f  Ishikawa, w h o m  I mentioned at t h e  
beginning o f  this article. A f t e r  Ishi-
kawa's rct irement,  Goldschmidt  took his 
chair i n  t h e  Agricultural College o f  the  
Universi ty  o f  T o k y o  and stayed there 
f r o m  1924 through 1926. During this 
period, and a f t e r  his return t o  Berlin, 
several young Japanese m e n  studied ge-
netics and cytology w i t h  Goldschmidt ,  
and m a n y  o f  t h e m  completed their  doc- 
toral theses Goldschmidt 's  relationship 
t o  genetics and gencticists i n  J a p a n  is 
still int imate i n  various ways,  and Japa- 
nesc genetlcs has b e e n  indebted t o  Gold-  
schmidt  for guidance and encourage-
m e n t  for  a n u m b e r  o f  years. 

O n e  o f  t h e  outstanding works accom- 
plished b y  Goldschmidt 's  students w a s  
l f a s u i ' s  discovcry o f  a simple method  o f  
'"sexing" young chickens. I h a v e  been in-  
formed that  i n  the  U n i t e d  States alone 
there are about 2000 m e n  engaged i n  
this work.  H o w  m u c h  labor and expense 
i n  poultry farms all over t h e  world are 
saved b y  sexing young chickens b y  this  
method  is difficult t o  estimate. IIowever,  
it is certain that  i t  is enormous.  

Genetics o f  O t h e r  Animals and M a n  

Drosophila was brought first b y  m y -  
self i n  1925 f r o m  Morgan's laboratory 
i n  Columbia  Universi ty  t o  the  Zoologi- 
cal Inst i tute o f  K y o t o  Universi ty  Seven 

SCIENCE, VOL. 123 



or eight associates or students of mine 
worked on this material. Of these men, 
Kikkawa is probably best known, through 
his paper on the biochemical genetics of 
the eye colors of Drosophila and the eye 
and egg colors of the silkworm (14).  
FIe is at present in the chair of genetics 
of Osaka Universitv. and he is now con- ,, 
ducting interesting studies on the rela- 
tionship of various metal elements to 
colors of animals and plants. 

Besides these workers in the genetics 
of Drosophila, several other boys and 
girls in Kyoto University majored in ge- 
netics under me, studying materials as 
diverse as man, mouse, Habrobracon, 
Trichogramma, Harmonia (ladybeetle), 
Colias, Ephestia, Aphiochaeta ( a  dip- 
teran), Tigriopus ( a  marine copepod), 
sea-urchins, and protozoa. It  is a great 
pity that more than half of them died 
during or after the war. Japanese genet- 
ics has lost in them several promising 
young workers. 

The study of Drosophila is also thriv- 
ing under Moriwaki in the Metropolitan 
University in Tokyo. The genetic and 
cytological studies of Kawamura and his 
pupils in Hiroshima University with 
some lower vertebrate materials, such 
as frogs, salamanders, newts, and fresh- 
water fishes, are also worth mentioning. 
They are investigating in these mate-
rials the problems of polyploidy and 
heteroploidy, as well as racial and sub- 
specific differentiation. 

Animal cytology in Japan has had its 
center in Hokkaido University in Sap- 
poro. Oguma started this center about 
1920 and directed it for about 20 years. 
13e was succeeded by Makino, who is 
now focusing his own and his pupils' 
studies on the cytological investigation 
of tumors. 

In  the field of human genetics, Furu- 
hata is one of the pioneers in the study 
of blood groups. H e  proposed in 1927, 
in regard to the inheritance of the ABO 
groups, a genetic theory (15) that is 
essentially the same as Bernstein's the-
ory, but that was advanced independ-
ently of that author. Since then, Furu- 
hata and his associates have continued 
their studies on the blood types of man, 
as well as of animals, and have discov- 
ered several apparently new types in 
human blood. These discoveries were 
made independently of the studies of 
European and American investigators. 
The Japanese investigators are now en- 
deavoring to check each type of their 
discoveries with some types recently re-
ported by Western investigators. 

I have collected pedigrers of heredi- 
tary diseases and abnormalities from the 
Japanese medical literature and com-
piled two monographic papers (16).As 
a result of this work, I have found that 
the Japanese people do not seem to dif- 
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fer much from Western people in the 
kind and in the mode of inheritance of 
such abnormalities, as well as in the inci- 
dence of the gene that controls each ab- 
normality, but they often differ rather 
considerably in the incidence of genes 
that are responsible for normal (for ex- 
ample, blood types and eye colors) or 
subnormal (for example, dizygotic twin- 
ning, osmidrosis axillae) characters. 
This is only a very rough statement, but 
it seems to be applicable to genetic dis- 
tinctions between human races in general. 

Plant Cytology and Genetics 

Among the pioneers of plant genetics 
in Japan was Ikeno, who was a professor 
in the College of Agriculture in Tokyo 
University. Ikeno is well known as the 
discoverer of the motile male cell (sper- 
matozoon) of Cycas (17) .  The discovery 
of a similar spermatozoon in the Gingko 
by Hirase ( 1 8 ) ,which was made about 
the same time, was largely due to Ikeno's 
suggestion. Ikeno took an interest in 
Mendelism and conducted breeding ex- 
periments with Capsicum (red pepper), 
Plantago, and the rice plant (19) .  His 
book (20) ,written in Romanized Japa- 
nese and first ~ublished in 1913. contains a 
simple and clear presentation of Mendel- 
ism, something like Punnett's Mendelism 
that had been published 6 years pre-
viously. Also, I3oshino's studies on the 
genetics of the flowering time of peas 
and rice, published in 1915, is note-
worthy, for it was one of the pioneer 
works in quantitative genetics (21). 

Next I must mention the name of 
Fujii, plant geneticist and cytologist and 
a pupil of Strasburger. He took the first 
chair of genetics in Japan which was 
started in 1918 as one of the chairs in 
the Botanical Institute of Tokyo Uni- 
versity. The majority of the present plant 
cytologists and geneticists we have are 
either Fujii's pupils or his pupils' pupils. 
Indeed, cytology is rather heavily repre- 
sented in all branches of biology in Ja- 
pan. The international organ of cytology, 
Cytologia, was started in 1929 under 
Fujii's editorship. 

The contributions of Japanese cytol- 
ogists, especially to the knowledge of 
polyploidy in various plant groups, are 
widely recognized. Kihara's pioneer work 
on genome analysis carried out with 
wheat varieties is h i ~ h l v  i m ~ o r t a n t  both " ,  L 

from the theoretical and practical view- 
points (22) .  His synthesis of the culti- 
vated breed from the cross of an emmer 
wheat with Aegilops squarrosa in 1944 
(23) coincided with McFadden and 
Sears' essentially identical demonstration 
by a similar experiment. Kihara's in-
genious breeding method for obtaining 
seedless watermelons is certainly a good 

example of the direct application of ge- 
netic knowledge to practical plant breed- 
ing. I have been told that fairly large 
amounts of the "seeds of seedless water- 
melons" are exported from Japan to the 
United States every year. 

The breeding of strains of rice resist- 
ant to low temperatures was accom-
plished by Terao and others and is an 
outstanding contribution of Japanese 
plant geneticists to agriculture, one com- 
parable to the contribution of animal 
geneticists to sericulture. Imai's study 
on the genetics of the morning-glory 
(24) was among the best-known works 
of plant genetics that was published in 
the 1930's and 1940's. 

I am afraid I shall be blamed for 
putting too much stress on animal genet- 
ics, especially silkworm genetics, and too 
little emphasis on plant genetics. This is 
because I am an animal and a human 
geneticist, and my knowledge of plant 
genetics is more limited than my knowl- 
edge of animal genetics, and also because 
very few of our silkworm geneticists have 
published their works in English or any 
bther European language, whereas most 
of the plant geneticists and cytologists 
have written papers in English or 
German. 

Evolution 

Let me add a few words about the his- 
tory of the permeation of the concept of 
evolution among the Japanese. This con- 
cept was first introduced to us by E. S. 
Morse, who was a pupil of Louis Agassiz 
but a devoted disciple of Darwin. Morse 
came to Japan in 1881 and became the 
first professor of zoology in Tokyo Uni- 
versity. H e  gave popular lectures on Dar- 
winism on many occasions and was heard 
with great interest. His work of propagat- 
ing the evolutionary concept was taken 
up by Japanese biologists, notably by 
Ishiltawa and by Oka. Because of the ab- 
sence of religious prejudice in Japan, 
this concept found no obstacle in diffus- 
ing among the Japanese people. 

Genetics Society of Japan 

The Genetics Society of Japan was 
started in 1915 under the name of the 
Japanese Society of Breeding. I t  was dis- 
continued for a few years after the publi- 
cation of t\vo numbers of its organ and 
was reborn in 1920 under the name of 
the Genetics Society of Japan. I t  has at  
present more than 1000 members. These 
members belong to one of the 16 
branches distributed in various districts 
of the country. The  branches hold local 
meetings at regular or irregular intervals. 
The society also holds general meetings 



annually at different cities ivhere these 
branches are located. 

Genetics Institutes 

There are four chairs of genetics in 
Japanese state universities, one in the 
Faculty of Science of Tokyo University, 
which I have mentioned already, another 
in the Faculty of Agriculture in Kyoto 
University, still another in the Faculty 
of Medicine in Osaka University, and 
the fourth one in the Faculty of Science 
in Okayama University. However, genet- 
ics forms an important part of the courses 
of the biology departments in most of 
the universities i n - ~ a ~ a n .  Some medical 
schools also have lectures on genetics, 
although the hours devoted to genetics 
are unreasonably few. 

The  establishment of the National In- 
stitute of Genetics in 1949, at  Misima, 
was an important event in the history of 
genetics in Japan. T h e  institute has six 
departments. About 30 research mem-
bers studying materials ranging from 
man to virus are occupied in various 
fields of this science. Although they are 
working under the pressure of severe 
handicaps as a result of various difficul- 
ties of present-day life in Japan, they 

lvill undoubtedly produce in their stud- 
ies something that will contribute to  the 
future advancement of genetics-at least 
1i.e are hoping so. 
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World Symposium 
on Applied Solar Energy 

Guy Benveniste a n d  M e r r i t t  L. Kas tens  

With the purpose of fomenting and ac- 
celerating solar energy research and 
utilization, the Association for Applied 
Solar Energy, the University of Arizona, 
and Stanford Research Institute spon-
sored the first World Symposium on Ap- 
plied Solar Energy and the associated 
Conference on Solar Energy in Tucson 
and Phoenix last November. More than 
1000 scientists, industrialists, and inter- 
ested laymen gathered to listen to 130 
papers and addresses and to discuss ways 
to use the energy of the sun. The  meet- 
ings were made particularly significant 
by  the large attendance from abroad. 
From all over the world, nearly every 
laboratory or organization concerned 

with solar energy research sent represen- 
tatives to Phoenix. Thanks to the Ford 
and Rockefeller Foundations, UNESCO, 
the Office of Naval Research, the U.S. 
Air Force, the National Science Founda- 
tion, and the National Academy of Sci- 
ences, 130 foreign delegates from 31 
different nations were able to join their 
American colleagues in the Valley of the 
Sun. 

The'participants were also able to ob- 
serve nearly 100 working exhibits of prac- 
tical developments at a special engineer- 
ing exhibit located in the strong Phoenix 
sunshine. Exhibitors from this country 
and abroad participated in this special 
event. 
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T h e  significance of these meetings will 
probably be felt as an upsurge of activity 
and research follows the discussions and 
evaluations that took place. There is lit- 
tle doubt that the discussed, and 
the close relationships that were estab-
lished among scientists, engineers, econo- 
mists, industrialists, and businessmen will 
advance the day when we may rely more 
directly on solar energy. 

The  papers delivered at the conference 
in Tucson were more technical in nature, 
while those resented in Phoenix were 
of more general interest and served as 
an introduction to solar energy research 
for the many nonspecialists who attended 
the meetings. The  subjects of the papers 
at both meetings can be roughly divided 
into three categories: ( i )  solar energy 
measurements; ( i i )  increasing the world's 
supply of energy (mechanical, electric, 
and chemical) ; and (iii) increasing the 
world's supply of food (for both animal 
and human consumption). 

TVithin these categories, some papers 
were devoted to basic research consid- 
erations, some to engineering problems 
related to the use of solar energy, and 
still others to the economic and indus- 
trial significance of the technical possi-
bilities of solar energy. 
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