tion, and succeeded in deliverying twins of cattle and goats from arti-
ficially split fertilized eggs.. It is hoped that this technology will
be before long used widely by anlmal hreeders._ vaccine productlon ds
alsc one of the important.targets sought in . livestock -industry; - and
National Institute of »Animal Health succeeded - 1in tlssue culture. of

infectious equlne anemia . virus. for .the first time in’ the - wor ld and_

thereby developed an effective diagnostic method  (immune pre01p1tatlon)
of infected horses, Some private firms are also developing animal vac-
cines and diagnostics using blotechnoloqy. :

One of the successes of biotechnology development in food industry

_is in the drea of. bioreactaors. ' Japan has been one of -the . leading
countries in fermentatlon 1ndustry, and. 1s now one. of the most advanced
in the immobilized enzyme or cell.system technology.  This technoloqy is
successfully utilized for the production of fructose from glucose by

means of immobilized glucose isomerase.

1-2-3 Characteristics of Agricultural Research in Japan

Table II-1-4 shows expenditures on researdh and development' by
fleld of sc1ence in- research orgnlzatlons of various sectors 1n Japan.
The total size of the expendltureg on aqucultural research is one third
of those on engineering.  As:mentioned elsewhere; the development of the
major crops other than vegetables and . fruits has. been carried out by the
public sector in  Japan, ‘As seen in the table, a total of ¥164 636
million was spent on - agrlcultural research_ and development by - the
central and local’ governmente in FY1884. ‘he figure is about 94% of the
entire expendltures on agricultural research. ‘The private sector spent
a total of ¥274,987 million on research and develonment .in FY1984, but
only .3.5% of the expenditures. went to agriculture, This. may reflect
that the size of the market for agriculture is not_that,attractive for
the private industries to take part in, compared with other lines of
business, : '

However, the situation is now changing. rapidly due’ to. the recent .
progress 1in modern blotechnology. The Government 1is trying “through!
deregulation- to attract the prlvate ‘'sector participation in agricultural
research, because it is con81dered that the public sector needs to catch.
up with new developments of technology through transfers of technology
from the private sector. . MOLeover, ‘a ‘number of private -industries have
‘taken strong interest in the p0551b111t1es of applying biotechnology to
-agriculture. They hope that they c&n apply developed tecnnologles to
agriculture, along with ongoing-deregulation efforts of the Government.

fable TI-1-5 shows expenditures on research and development*by‘pur—
pose of ‘study. . In general, agricultural research is oriented to applied
research, and Japanese aqricultural'research,has-been‘oonducted lafgely
along this line. - Due to the recent developments in modern bioteoh—
nology; .however, the importance of fundamental research has. begun to be
emphasized, and Japan's agricultural research 'is currently in €ran-
sition, shifting to a more basic research oriented structure from that
of applied research.
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1-3  High Tedhnoloqy'nevéldpment and Application in Adriculture

.dmong  the technologies available for increasing food production,
. plant and animal breeding offers great potentials, Application of gene-
tic principles  to. the: imprOVement of ‘maize has, for example, been
responsible for half" the - 300% 1ncrease in its yleld that has taken place
in the Unlted Stateq durlnq the past 50 years,

‘Based_on the past‘experlenqes,-genetlcally improved crop varietieg
_usually offer the most cost-effective means of increasing yields. It is
- also believed that c¢rop yields . can be increased by genetic improvements
without taking any risks of greater use of chemical fertilizers and
pestlcldep._ Modern. blotechnology, which consists essentially of genetic
engiheering . and cell culture techniques, is believed to give new tools
for plant and animal breedlng, in addition to the conventional breeding
technxques. :

_.-HoWever, 1t has been found that modern blotechnoloqy al o creates
new ' problems. For example, modern blotechnology competes for scarce
funds with conventional :plant and animal breeding and other related
efforﬁs_impqrtant'for agricultural production. Application of modern
biotechnology to plant and animal. breeding requires scientists who are
not accustomed - to working together with plant and animal breeders to
coordinatée their own with the latter's efforts. The possibility of
génetic “engineering heightens the importance of pregerving germplasms.
Modern : biotechnology also. ralses new ¢uestions about the importance of
cooperatlve research efforts bhetween the. public and private sectors and
hence the need to establish effective and efficient relationships bet-
ween them.

The Mlnlstry of Agrlculture, Forestry and Flsheries 1in Japan nas
falready recognlzed ‘these problems  and has launched significant reorien-
tation for ‘the purpose of establishing 'a new research structure which
will ‘be suited to the reguirements of new technology development.

1-3-1 ppplication of Biotechnology to Agriculture

Biotechnology, as shown in. ‘Figure II-1-3, essentially consists of
three different groups of technologies. One group is for . introducing a
néw function or functions té a given organism of interest. This group
of - technology 1ncludes genetlc enjlneerlng and breeding. The second
group is to maximize’ the- functlons of wvarious living organisms for pro-
ducing  materials -iseful to mankind. Agriculture and animal husbandry
are part. of this group of technology. “The third group of technology is
for -utilizing various products. . by means. of bioprocessing and other
technigues.. In other  words, biotechnology is a system of technologies
with -‘the manifest purpose of maximum utilization of biological func-
tions, by means of introducing new genetic information and/or letting
efficient expressions of genetiec information.

The functions of a living orQanism are essentially determined by

its built-in geénetic information. -~ A living organism canpot express a
function which is not included in the genetic information it originally
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Figure II~1~3 Structure of Biotechnology

Breeding L ’ S | cultivation

Cell-Technology L cell Culture

L-Bioreactor

Upstream technology Downs trear technology

(Modlflcatlon of genetic 1nformatlon) |(Fxpre5510n of genetic 1nformatlon)

Source: Biotechnosystem Inc.

has. Thus, the technology of cultivation, or of livestock rearing, -i
for inducing a maximum expression of genetic information from-a given
crop. or animal. Limitations in the capability of a crop due to its
genetic constraint - can beée overcome only by introducing new genetic
information. ' :

Plant breedlnq has .existed as an art For _more than ten thousand
years, but it has. been assisted by 501ences for only ‘about 1000 years.
Mankind - had been pract1c1ng various measures to move genetlc materials

from one plant: to another long before plant breedlng and - genetic trans-

formation establlshed themselves as a branch of | technoloqy.

Today, the methods used in the genetic,improﬁemEnt_of crops fall

into two broad categories: :conventional plant breeding and application
of advanced technologies, including modern biotechnology.

"Conventional" plant breeding means those technigues ‘which are
based on mating different strains of plants or animals for the purpose
of producing and identifying offspring that coubine the desirable traits
of the parents. It makes use of many supporting sciences conducted in
laboratories. ‘ e

"Modern biotechnology", as it is defined, includes a number of new
technologies based on cellular and molecular-biologys _The best’ known of
thesge technologles is génétlc 'traanormatlon' namely, movement of a
gene or genes -from one plant to ancther. through the reconbinant DNA
technique ‘and tissue or cell culture. - The latter technology provides
new opportunltles for selecting plants . which ‘have some desirable charac-
teristics by exposing their cells (rather than whole plants) to certain
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stresses or toxins under laboratory conditions,

- Thus. the c¢onventional plant  breeder works primarily in the field
and  the greenhouse, making carefully ‘controlled crosses of strains,
evaluating: the resulting progeny and reflnlng those that exhibit traits
needed by tarmers. The blotechnologlst primarily works in the labora-
tory and the greenhouse, moving genes through molecular {recombinat DA,
nonsexual) . technigues and making selections. of  superior plants by
exposing cells- to various contrelled environments or. selective agents,

It is not economically-or politically feasible to. produce food in
- favored eﬁvirOnméan and transport it throughout the world or to drama-
tically alter productlon ‘environments., ‘Thus the future demand for plant
and anlmal technology will be 1in 'the area of 1mproved adaptablon of
crops or livestock to’ thelr present physical, biological, and sociologi-
cal environments. Technologies that.are presently emerging may permit
mankind to attain- that goal. 'This is one of the reasons that bioctech-
"nology beécomes an important branch of technology. Genetic trans-
formation . has paved' a road .for artificial manipulation of genetic
materials, and it is believed that genetic transformation of plants and
“animals will eventually overcomée the weakness of conventional agricul-
ture, that is to say, uncertainty in production. :

Conventional  breeding has had remarkable success in improving the
vields and quality of a wide. range of crops and livestock, It is
generally considered that a half of the increase in yield in cereal and
tuber crops can be attribunted to positive breeding and selection of
lines that are resistant to pests and diseases and also tolerant of many
stressful environmental - conditions. Continual needs for satisfying
demand for food and developing varieties which can make best use of
changing environments necessitate the further improvement of breeding
techniques apd lines. Modern biotechnology will be a powerful tool for
this purpose. :

(1) Application of ig_vitro technologies to breediﬁg
{a) Cell and tisgue: culture

A series’ .of d]SCOVBfleS in the past 20 vyears have enabled
sc1entlsts to study, manipulate; and- select plant cells in cultures,
as have beén done with microbes for decades. - Scientists can readily
screen desirable traits that are expressed: at the cellular level,
- One key problem is that the ability of the selected cells to regene-—
rate whole plants is oftén ‘lost, and that even if regeneration: is
successful, the complexity in development may cause the important
tralt not being . expressged. it is generally considered that more
accurate understanding of molecular and cellular wmechanisms that are
involved 'in the-expression of important traits is required for the
application of this technology. - One possible area of importance for
" the application of this technology is production of useful products
directly from plant cells,
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{b) SomaL1c hybrldlzatlon

It isg often deelrable to’ make sexual croesee between Wild and
"domesticated: L Grop spe01ee thataré’ sexually 1ncompat1ble- ‘in these
cases; orosses. are not p0551b1e and qermp]aam Flow: 1sﬂ'impeded;'
Certain in v1tro technlquee now’ prov1de “solutions to ‘such  problems
and allow rapld generatlon of useful plant typee which- ‘would not= .
mally be obtained only after many  years of 1nten81ve breeding
cycles. The . non~epe01flc fuslon of’ protoplaets from - the same .or
different species of a plant ‘can be achleved by u51ng ‘either cheml-

cal fusogens or by electrical depolarl&atlon.

Somatic hybrldlzatlon ‘has 1mportant poLentlale in the follow1ng
areas. : _ .

{a) Productlon of fertlle amph1d1p101d somatlc hybrlds of eexually
1ncompat1ble spe01es. S o : ‘ :

(b} Production. of heteroZYQoue 1inee within a single species which
normally could be propagated. only by vegetatlve means, 3N
potato and other. tuber and root crops.

(c) Transfer of llmlted parts of the ‘genome from one species to
another by the - formation of heterokaryons in’ whlch. unidirec-
tlonal sortlng of cytoplasmlc elements occurs, I

(d) Productlon of novel lnterSPElelC and lnterqenetlc crogses’ bet—

" ween plants that are dlfflcult or 1m90351b1e to hybridize con-
ventionally;  e.d. E:Y fusion between protoplasts of Lycopersican
esculentum  (tomato) and- ‘Solanum’ tubercsum- {potato), now well
known’"pomatd created by Melchers et al. 1n 1978.

" There are llmltatlons, however, to theee types of somatic. hybrlu
dization, because plants regenerated ‘from: some comblnatlons are not
always fertile and do not ‘produce viable seede. - ERperience now. indi-
cates that the main opportunltles for use of somatic hybridization is
iikely to bhe more -successful if centered around - hybrldlzatlon ‘'within

the same genue or between Prosely related genera. : ‘ :

(2} Potentlal appllcatlon of genet]c englneerlng to breedlng

The basis of .crop breedlng is :the: transfer of genetic 1nformat10n
- between plants in order +to develop de81red phenotypes. Plant genetic
englneeV1ng called ‘the récombinant DNA technique: allows directed and
highly specific. manlpulatlon ofa genetlc material, . Once applled and -
developed to a sufflelent degree, ‘it promises ultimately to provide a
powerful additional tool to plant breeders.. Above all; .the technlque'
* broadens the’ p0951b111t1es of transferring genes . between: unrelated-
organisms, ‘and. creatlng novel genetlc 1nf0rmatlon by the spe01flc
alteratlon of cloned genes,. > . : . :

However, it must be. emphasized. that, unlike microbial systems, a
conventional vector .system for higher plants is still lacking, ‘The
key 11m1t1ng factor in the present technology development is lack of
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" understanding in -the genetic components responsible for plant charac-
teristics. Following are the examples of the application of genetic
engineering to agriculture.

(a) Development of diséaee»resistant varieties

‘Substantial crop losses :occur each year due to attacks by
“inseéct -pests  or microbial - pathogens. . The former are largely
controlled by spraying crops with’ large quantities of agricultural

" chemicals, " which- iS"not[ only expensive ‘but also has detrimental
effects on ecosystcms Some cultivars of crops species already
exhibit resistance' to pests and diseases to some extent, but there
would obv1ously ‘bea good market for cultivars résistant to a wider
rangé of ‘streésses. One possible approach to the development of

“disease resistant varieties is the transfer of microbial genes whlch

produce substances toxic to pests and dlseases.

{b) DevelopMEnt of increased photosynthetie efficiency of crops

“The most’ 1mportant process carried out by plants is phot0~

synthesis, ‘However, even. the most efficient crop plants can vtilize

. only-3-4% of. full sunlight. The key question is how to improve pho-

tosynthetic- efflclency for. the purpose of increasing the yilelds of
blomass or’ crops.‘ ‘

It is known that the first enzyme in carbon fixation, ribulose
"bisphospate carboxylase, is an extremely inefficient catalyst. Many
scientists have suggested that it may be possible to engineer this
- enzyme by the recomblnant DNA technigue to improve the efficiency of
the cata1y51s.'

"(c).Development of nitrogen-fiking cultivars of non-leguninous crops

Ylelds of -many - crops,rpartleularly of cerdalg, have increased

. over: the years. by the application of large quantities of nitrogenous

fetilizers., Many cultivars have been specifically selected to give
high yields in response to fertilizer application.

- The natural supply of nitrogen to vertain plants, legumes in
particular, is achieved by close association between them and
-nitrogen-f£ixing ‘micrxoorganisms. The key question is how to exploit
this natural phenomenon for a wider range of crop species, For
example, one line of research is in extending the host rahge of
Rhisobium .spp.- to include  cereals and forage grasses. . The interac-
tion between plant and bacterium:is, extraordlnarlly complex, and the
molecular and ‘genetic ‘détails are far from being fully understood.
Broadening the host range would require changes . in the recognition
system between plant and bacterium. In addition, the. plant genes
requlred for the establishment of. symbicsis may well be unigue o
legumes and if this is the case, these genes would have to be
transferred to the new cereal host. ' :

Recent  advanceés in the understanding of bacterial nif genes
have offered the prospect of transferring nitrogen-fixing ability of
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the plants themselves.

1-3-2 Importance of Coordlnated Approach

Blotechnology is a huge 1nterd1301911nary systeut and 1t is even
more true - in plant . blotechnology. Table, II-1-6 - shows ‘the flow. of
research and’ development . in plant ‘bigtechnology, and also the key roles
to be played by wvarious. sectors 1n each seégment of the technoloqy deve—
lopnent.”  For example, research and development in p;ant aquculture
reguire . first of all the: . pres ervation. of 'germpla ms. . Technology
‘development in- genetlc englneerlng without support by the germplasm
systems is 1mp0531b1e. . After eollection of- germplaems, anaIYSLS of

genes usually has to follow. These two approaches usually requ1re time, ;"

mappower, and funds. It is generally consideéred that the government
sector should bhe responblble for this- task, since ‘most of the- prlvate
industries cannot afford to carry out: ‘this type of work contlnuouely,_
partlcularly when '’ the unex9101ted germplasms are 1nvolved. '

The _next 'stage cof technology development would be . the bablC
reSeareh for undefstandlng, for example, the mechanlsms of plant gene
expre551on,_ “This type of research is better to be carrled out either by
universities or government iaboratories. . The. prlvate ‘sector is usually
more inclined to applied research and precommercialization development

than the other two sectors.

Such characteristics of bictechnology -is the reason why many
Japanese private enterprises want the Governmént's involvement in “the
promotioh of basic research" .and . cooperatlon in research and. deve10p~
ment between the governmental and private sectors® and expect the
governmental initiative in the promotion'of_basic.research.

The 1ntervgls between basic dlecoverles and. thelr appllcatlon have
been steddlly_decrea51ng._ In the area of blotechnology, what is today's
basic research is tomorrow's new technology. Accordingly, eetabllshment
of a dynamlc 1ndustry~un1ver51ty government relationship becones a key
isgue of agricultural. blotechnology development in Japan..

Figure II-1-4 shows an example of the joint research system between
the government and - private. industries. It is hoped that by . that
arrangement, research and development in agriculture can be enhanced. '

1-3-3 Directions of Agricultural Biotechnology Research-in Japan-

As'.mentioned_:above[_ the  Ministry- of Agriculture, Forestry. and
Fisheries has reorganized and integrated its research and. éxperiment
organizations for - promoting biotechnélogy.. devélopment, ~In _FY1985,- a
total of 1,960 million was budgéted for this purpose, an .increase by
53% from the previous: year, - For FY1986, -a further - increase of . budget
allocation is bheing proposed (Table II-1-7). The areas  of research
include cell fusiorn, DNA recombination, nuclear implantation, imprOVe—
ment in photosynthesis and utlllzatlon of micro-organisms and enzymes
with ‘high activities, and thlS suggests that the Ministry places
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Table 1I-1-6 Roles of Various Sectors in Research and
Development of Plant Biotechnology

Sector _
Public University Industry
Area’ '
Germplasm
Sellection @ O O
Presefvation © O @)
Analysis ® © O
Resea:ch . _
Basic - @) ©
Applied O O ©
Commercialization ©
Source: - Biotechno System Inc,
Note: © indicates the key role.

emphasis on promoting fundamental biotechnoiogy.

The cﬁr:ent key policy issue in agriculture-related high technology
is to develop agricultural biotechnology under a new program that can
meet the long-term national needs by establishing close industry-
university~government cooperation. The new program consists of the

following four actions.

(a) Promote a systematic approach to develop agricultural biotech-
nology relating to production and processing. '

(b) Fstablish a "Seed and Seedling Center ({tentative})" and ephance
research efforts related to germplasms.

(c) Bstablish - a "“High Technology Center (tentative}" to promote
research cooperation between the government sector and private
industries through funding and technology exchange.,

{d) Promote international vresearch cooperation, for example, by
participating in big research projects.

In FY1986, as shown in Table II-1-7, the Japanese Government is to
continue stepping up its efforts to promote agricultural biotechnology
research hy starting a number of new programs, The Program for
Promotion of Molecular Breeding Technology toward the 2ist Century is
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Figure II-1-4 Joint Research System of Ministry of Agriculture,
Forestry and FPisheries and Private Industry

L Application of Joint Research Proposal ————w

—| conclusion of Joint Research Agreement |

~ |Ministry of

Agriculture,
Forestry and
Fisheries
— | {MAFF)

Research
rPartners E T T
(Private Impleémentation of Joint Research .
Industry _ o ’ o ] .
etc,) —-| Assignment of Research Activity and Funds
- Exchange of Technology and Knowhow
Completion of Joint Research
Cutput of Joint Research
o Inventions
o New Varieties
o Knowhow
o Documents
o Others
L Determination of the Share of Right ——
Based on Degrees of Contribution
L Joint Application of Patents
Commercial— | ---==—~~ e {(Royality)----
ization o
(3 Years _ _
Priority) -—— {Sharing with Partners) -----"""""""--
- Licensing
Authorized .
by " Commercialization
Research
Partners

Source: Materials from MAFF
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'Table:iihl~7' quernment Budget for Biotechnology'Promdtion in
- Agriculture, Forestry, Fisheries and Food Industry

(Unit: ¥ nillion)

' Programs . : : 1985 1986
- Lo : R (Budget) {Proposed)
1. Promotion of Molecular Brcedlng Technelogy Toward 2ist Century Subtotal 1,5391) 2,132
I«1 Instltutlonal Development : S - 836 9569
{1) Manpower development and Lnterndt1ona1 cooperatlon (1986-88) 0 10
(2) Collection and management of genetic reésources and information 836 959
‘(a) Devélopmént of the Gene Bank System (729 (833
(b) Research on long-term storage of :animal genetic resources (107} (126)
-2 Research aud Development o 703 ,163
(1) Systematic approach to plant breediny based on biotechnology (1986-2000) 3§17 4614
{2) Promotion of reg1onal biotechnology research and development 0 260
33 Development of new breeding technology , 246 292
(a) Development of new biclogical resources b} cell fu510n and nuclear
implanfation (1982-86) : (115) (112)
{b) Development of technology for improving microblal and plant cells
by cell fusion and nuclear jmplantation (1984-88}) : (48) (48)
(¢} Devélopment of technology for efficient production of seeds and
seedlings by.tissue culture (1983-87) - {55) {64
. {4) Development of breeding biotechnology for fish and seafood (1983-89) (28) (28}
{4 Development of feunding tecinology 140 190
(a} Research for developing "seed"” pionecetring biotechnology {100} {1006}
{b) Identification of the mechanisms of genetic expression in agro-
biviogical resources (1984-88) (40) (56}
() AnaIySLS of genetic sttuctutus of agrcblolaglcal tesources (1986-90) (0} (34)
2, Promotion of technuloglcal 1nnovat10ns related to food and other industries
' Subtotal 410 599
(1) Developmént of bioreactor systems in food industry {(1984-1990) 244 295
(2) pevelopment of common founding technology for developlng new materials
. 'for plant protéction (1934 88) " 66 66
(3) Development of simple dxagnustlc methods for anlmal diseases,
utilizing immune precipitation (1984-88) - . 45 46
{4) Development of founding technology for wtilizing blologlcally active
substances for developing new fertilizers (1986-90) 0 29
{3) Development of new technclegy for utilizing microorganisms and enzymes
for biomass conversion. (1552-90) o 45 46
(6) Research on dypamism of rooi enviromments and develeopment of control
technology (1986-99) . . i) 100
Totai 1,960 1) 2,731

Source: Agricultﬁre, Forestry and Fisheries Research Council

Note: 1} Subtotal and total figures for FY1985 -include budgets
) allocated for other programs not specified in the table

"due to the recirganization of program in 1985,
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commonly referred to as "Biotech Breeding ?000," and oon51dered the key

public sector program. for the advancement of ‘biotechnology "in _agri—'

" eulture, aiming Ffor the year 2000. The program contains - four major
subprogrém_ae follows. ' : ) o

'Firetly; - "Systematic’ Approach for Plant Breeding Based on
Blotechnoloy" consists of the follow1ng three major areas of research;

“(a) Development of common foundlng technoloqy f01 plant technology

- Cell.-teohnology development, such as e£f101ent methods for
culturing and fusing cells: - : :

- Recombinant DNA"teohnology, such as 'gene idemtlflcatlon,
separatlon and analysis, and . vector development .

(b} Development of new breeding materials by biotechnology

- StreSs'resistaht plants
- High nutrition plants
- High photosYnthetic plants

(¢) Breedlng of novel plant varieties and creatlon of new useful
plants : : : : : :

Secondly, “promotion = of = Regional Biotechnology Research -and -
Development” 1is aimed at developing technologleb which are con51deled
importaﬁt for local industries, in cooperatlon with research organiza-
tions of local governments,

Thirdly, "Development of New. Breeding Technology" -‘is aimed at
advancing. and refining new technlques for .breeding such as tlssue and
cell culture, cell fu51on and nuclear 1mplantatlon.- :

Fourthly, “Development of Founding_'Teohnology“ contains the
folllowing areas; ' ' '

{a) Pioneering technolegy which constitutes "seeds" for future advan-
cement of biotechnology ' :

- Research on genetically controlled mechanisms of growth in
plant; animal and fish

- Search for marine mlcroorganlsms ‘with useful characfer . _

- Research on functionsg of enzymes for developing artificial enzy-
mes :

{(b) Identification of the mechanlsms of genetic expreselon in agro-
biological resources :

- development of a DNA llbrary of mlcroorganlsms lnvolved in major
animal diseases

- BAnalysis of genetlc structures of antlgens

~ Identification of the mechanisms of expression with reepect to
useful genes
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{c) HnalySis'df:the'strﬁctUres of genes in agrobiological resources

;Sepératidn,of uéeful genes
Cloning of useful genes -
Analy51s of - the structur9% of useful genes

i

E?

R X order to back up’ research ‘efforts in the above-mentioned areas
of molecular breedlng technology, collection and management of genetic
resources and information will be ‘axpanded and strengthened, as shown in
Table I1I-1-7% Preservatlon of- germplasms is one of the key requirements

for promotlng' efflclent biotechnology development..~ The Mihiqtry of
Agrlculture, Forestry and Fisheries plans to’ expand  its gene hank by

1992 to 230 000 accessions ‘from approximately 100, 000 in 1985 for plants
and. to 13,000 sp901es from 5000 in 1985 for microorganisms. -

The  Program for'PIOmotion of Technological Innovations Related to
Food and Other Industries covers two key areas of research, as follows:

(a) Devélopment of bioreactor .systems for food. industry

H

'Screening,of enzymes and microorganisms
Development of immobilization technology
Development of biosensors
Development  of bioreactor systems

i

(b) Development - of founding technology for producing biologically
active substances

- Syétém"'development for production of bioclogically active
substances of microbial origin
| - System development for production . of biologically active
substances of animal origin

. “Another ‘key ‘issue in Japan's promction eof ‘agricultural biotech-
nology is the establishment of a "High Technology Center," starting from
FY1986. As mentioned above, the structure of agricultural research in
Japan hasfpatticular characteristics. Unlike other developed countries,
the private sector's participation in agricultural research and develop-
ment has so far been limited.

" The nature of biotechnolodgy research reguires a flexihle structure
“to adapt to rapid technological progresses, on the one hand, and a
stable mechanism .for promoting long-range research, on the other. in
- other words, complementary. cooperation between government and industry
is the key to efficient development of biotechnology.

From the: viewpoint of the private sector, the following measures
are considered essential for Japanese agricultural biotechnology to
survive: 1nternat10nal competltlon.

-1) Governmental fundlng of basic research

2) Establishment of training programs Ffor blotechno]oglsts

3} Dersgulation on research and development activities

4) Establishment of a system to provide germplasms for technology
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development

Baséd on the above flndlngs, the Japanese Government has decided to
establish a "core center" for promoting agrlcultural research -anil deves
lopment, by  encouraging dynamlc cooperatlon ‘hetween government and
industry through funding and - technology exchange. The  details of the
proposed Center is stlll unknown, but its- key roles ‘have been specxfled

as follows,
1) Fundlng ‘and - assisting public and private organizations which’
conduct research in aquoultural blotechnology : e o
- 2) Fundlng and asqlstlng publlc and prlvate. organlzatlons in the
applacatlon of developed agrlcultural blotechnologles ' ' '

Blotechnoloqy is . essentlally a huge lnterdlsc1p11nary system and it
igs necéssary to establish a number of programs with a proad: spectrum-.of
approaches for its development. Japan is currently reorienting its
directions of research to meet the challenges of high prlorlty natlonal

needs. in agricultural technology development.
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2;  USE OF ELECTRONICS LN JAPANESE AGRICULTURE

© Introduction

Thls‘ sectlon dea}s w1th tho appl;catlon of electronics in. Japanese
agrlculture, lncludnng some on-going research and development . ‘efforts.
The appllcatlon ofi electronics in. agriculture largely evolves around
sensing -and . Computing_technologles,_ which can be interfaced to wmotor
activities .-through a Varieties of actuvators, such as cylinders, sole-
noids (electromagnetic devices which. convert electric current to linear
motor -movement) and motors. - The structure of application can be shown
by association with human functions as follows.

~ Human . -
System —_{ Senses ‘b—y Brain ~— Muscles : Man

External.
Stimuli’

PR —

|
!
!
|

PP ——

Machine- Sensors (— Computer f— Actuators Robot
‘System : -
Electronics- 4 Mechanics
Mechatronics

-.'The on-going  -application of electronic technologies not only in
agrlculture but also.in other fields of activity is thus roughly divided
into- computlng systems which collect, -analyze, display and store data
giVen by :external stlmull, and- manipulating ‘and- controlling systems,
with varying degrees of complexity, which assimilate and judge data from
a given object or objects'to be controlled and relay -appropriate . com—
mands - through adctuators to the object or objects. The latter systems
are . generally - called -“mechatronics" in Japan. The manipulating and
controlling. systems range from 51mpler systems which utilize ICs and are
based on: the so- called wired logic to more complex systems which utilize
computers and -thus offer much greater flexibility and maneuverability to
users through software technology.. :

. The recent development of sensors and computers helps the optimiza-
. tion of. production. and marketing by farmers and enables increasingly
automatic: control of: agrlcultural machlnery and fixed = facilities like
greenhouses. It must be /pointed.out, however, that the actual utd liza-
tion of electronlc/mecuatronlc technologies is hecessarily conditioned
by microf-and.macro_economlc considerations and requirements. For exam-~
“ple, ‘such technologies,-both hardware and software, must be available at
reagonable . costs relative to prices of agricultural products  paid to
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farmers, on ‘the one hand, and they have to. Fit tho basic charactcrlstlos
of  a given economy, -notably the structure of factor supply “such -as
labox, land; energy, etc., on the oLher. : :

... Moreover, agrlculture dlffers from- conventlonal manufactuang
industries -~ in that it deals with living: 019anlsms._gﬁlnj other: words,
correot"knowledge ‘of  crop and’animal biology ‘and;theix’ ‘resporises Lo
stimnli from - ecosystems is essentlal to .design” SpelelC 'dppllcdtlon-
systems to agriculture. The advanCLng blotechnology discussed in “the
preceding- section  is. llkely to ease such leLtatlons in- the future - by
accelerating - the speed of breeding varieties 'to suit: human  needs . ' and
economi.c conditions. At the present moment, the appelcatlon of electro~
nic/mechatronic - technology to agriculture is going ‘on within:a variety
of technical and economic constraints in Japanese agriculture.

2-1 P05twer-Agriculturel'Mechdnization in Japan
2~1-1 Instltutlonal qupports for Mechanlzatlon

The rapld pace of mechanlzatlon in postwar Japanese agrlculturo was
buttressed by  various government measures Laken as: 1nst1tutlonal sup- -
ports. © As: mentloned already in' the beglnnlng of the precedlng ~section
on biotechnology, the Japanese Government promulgated the Agricultural
Mechanization Promotion. Law in 1953,. later revised twlce in 1962 and
1965, while the Land Improvement Act of 1949 and the Agrlcultural Basic
T.aw of 1961 promoted the land base consolidation programs, i.e., irriga-—
tion and drainage,. land readjustment, construction and improvement of
farm roads, etc., which facilitated the introduction of machinery to.
paddy fields. - ' S '

The Agricultural'Basic Law which empnaSi?od'the”strudtural change_
and selective eraDSlOD of Japamnese agriculture also served to ‘promote .
structural 1mprovement projects;’ hy. providing SubSldleS and other assis—
tance Lo agrlculturel mechanlzatlon and: constructlon of. various: agricul- .
tural. facilities - in ‘rurdl areas. Various demonstration and' training
programs - on  mechanization set up by the central and local governments
have. been instrumental té the rapid diffustion  of power - tillers ‘and
other machlnes durlng the 19505 and the 19605. -

" The: Acp_loulture‘r Forestrygand Flsherles Finance Corporation,  a-
governmentdl lending 1nst1tutlon, the Bgricultural Improvement Fund set
up by .the Goveérnment. in. 1956, and the Agricultural Modernlzatlon Fund
system established  in 1961 'in whic¢h the Government subsidized part ' of
the interests to be paid by farmers who-borrowed funds for investment
from the agrloultural cooperatlve organlzatlons, all: contrlbuted finan- .
01a111 to the mechanlzatlon of Japanese agrlculture._-

. With res pect”to agriCultural maohinery; . the Farm Machinery Testing
Office  was established in'the‘MinistrY'of Agriculture, ‘Forestry - . and
F;sherles ‘after the . promulgatlon of the Agrlcultural Mechanlzatlon Pro—
motion Law. of 1953,  and subsequently the Institute of Agricultural
Machinery - was established in 1962 by joint contributions from nationéi
and * local governments, .farmers' organizations and manufacturing indus—
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tries  and - took over -the-testing functions of the Office after 1962,
With testing codes and: standarde'they'developod the Office -and the
-'Instltute greatly contributed to the standardization and constant guali-
ty 1mprovement of sma]l scale agricultural machinery wmanufactured in
Japan.- : :

_2 1 -2 Characterlet;cs and Processes of Mechanlaatlon in Japanese
' Agrlculture ‘ :

fth order to undervtand the OHHQOLHQ appllcatlon of 'electronlc/me—
chatronlc technologlos to! Japanese agrlculture,.lt is necessary to refer
£o. some salzent charactesztlce of ‘postwar agrAculLural mechanization in
Japan The - most 1mportant characteristi¢s are as follows. Firstly,
mechanlzatlon in postwar yeare evolved mostly around paddy cultivation.
secondly;  the development efforts. focused on smal] -scale agricultural
machlnery, because ‘the: averaqe farm size has_been very small in  Japan
(e.g.y - 1.0 ‘ha’ in 1960 and 1.17 ha - in .1980), . and furthermore each farm
qenerally consisted of fragmented. lots. This is interrelated with the
third: characterlstlg that. the individual ounerghlp ‘of machinery has been
strongly “valued. among Japanese farmers.' Some large-scale machinery or
facilities have ‘heen collectlvely purchaeed and operated by cooperatives
and - farmers" groups.* They consist of rlce processing centers, - country
‘elevators, Vegetables and frults ‘grading stations and. storage facil-
ities,” seedllng culturlng facilities, pest control facilities, and so
on.. The rapid diffusion of 1nd1v1dually—owned agricultural. machlnery
has. been also related to the fact that .the educational level of Japanese
farmers - has been relatively high... Fourthly, farm machinery has been
_requlred to have the high operating accuracy and the -adjustability of
running ‘speed and'other functions partly because of the small farm/lot
size which- necessitated -intensive agriculture and partly because of
'topographlc variations-in the- Lerralns. For'example, the grain loss of
'the currently marketed comblneq averages less than 3%..

Table II#an'and EiQﬁfé TT-2-1 summarizefthe'process.Of mechaniza-
 tion in Japan's paddy production in postwar years. BAs already discussed
in the beginning of the preceding section on biotechnology, the rapid
‘growth of - the Japanese economy since the late 1950s through 1960s was
accompanled by the' 1arge cutflow of rural labor to rapidly . industria-
clizing urban:areas, thus nece551tatlng the mechanization of aquculture

Until the:mid-~1960s; - mechanigzation took place mostly in land. prepara-
tion, drying and threshing: TFrom 1955 to 1965, draft animal was almost
entirely. replaced - by smalljwalkingrtype:tractOrs (7 - 8 ps for rotary
tilling . and 2 - 3 ps. for pullihg Japanese_ploWSiand light cultivating
machines),,éun—drying by simple. forced-air driers, and traditional pedal
driven threshers . by hand-feeding. power threshers and .then by self-
EQEGlng power threshers.

Mechanlzatlon of paddy productlon extended to harvesting operation,
‘{binders plus: moblle threshers and head feedlng combines) since the mid-
'1960s, and then to the trans plantlng operation, the most arduous task. in
paddy . cult 1vat10n,' since the early 1970s. Head-feeding combines and
transplanters have many unique characteristics which are suitable for
the: variéties‘_ofi paddy  grown in Japan as well ~as to smallholder
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agrlculture. Rldlng type tractors - (10 - 15 ps) suitable for paddy fields
were developed through combined efforts of govcrnment research Lnst;tu~
tions ‘and private manufacturers and marketed in thé mid- 19603,_ and soon
began. to replace walklngntype tractors in -the 19705 : C

By the mld 19705, the enLirely_mechanlzed sybtem of paddy.cultiva-
tion was estab11°hed in Japan."By 1982, 93% of the transplanted area
and 97% of . the harvested irea were reportgd to be mechanl?ed ~8uch
mechanization brought about considerable labor saving in. paddy cultivé+
tion. According to the study undertaken by the Ministry of Agriculture,
Forestry and. Fisheries,  the number of labor hours per-0.1 ha of paddy
fields = dropped from-191.8 houre in 1955 Lo 81 4 hours :in 1973 and then
to 56.5 houls in 1984. 1 :

With respect to ¢rops ‘other than paddy, mechanization of farm'
operations has been generally slow, except in’'certain regiocns., In the
northernmost island of Hokkaido where land holdingé'are much larger than
the natlonal average, cultivation of field: crops like wheat and sgoybean,
root crops like potato and beet, " fodder crops, - étc.: are mechanized
partly with forelgn made large scale machinery for spe01al operakions
and partly with domestlc small-scale machines 1nclud1ng regu]ar«puxpoge
machines . guch as forage harvestors, .hay balers, = harrows: and plows: -as
well as head-feeding combines. = For the cultlvaflon of ‘soybean varieties
grown in Japan which have easily shattering pods and.low podding height,

small-scale driers, threshers, graders and two-row harvesters have been
develoPed ' ' ' : ' '

With. respect to. Lree frults like oranges and apples,f mechanization
has progressed. chlefly in pest. ‘control (air blast sprayers) and for
transportation of 1nputs and fruits (hillside monorails). - With respect
to the cultivation of vegetab]es in outflelds, mechanization has been
limited to land ‘preparatlon by “small. four-wheel-drive tractors, -and
transplanting and harvesting operations are yet largely unmechanized.
However, some efforts are being made at naticnal and prefectural experi-
ment stations to develop harvesters of such vegetables as cabbage and
lettus. L ' ; :

The Agricultural Basic Law of 1961 emphasized the "selective expan-
_sion" of agriculture, notably, increased production of vegetables- and
fruits and livestock: products. This was: realized apace with the. high
growth . of - the Japanese economy during the 19605 which ~increased .and
diversified the demand for food among. the Japanese population. Over the
1960s and 1970s, Japan saw a tremendous cxpansion of greenhouse .horti-
culture which mostly utilized as outer coverings vinyl and other plastic
sheets made available by the growth of domestic: petrochemical industry.

. The. total area under glass and: plasticrsheet greenhouse horticulture was
1,707 ha in 1960, "and cxpanded to 21,131 ha in: 1973 and 36,632 ha in
1983, thereby realizing the year-round supply of vegetables and the 0ff~
season. produetiOn of certain fruits.' These greenhouses were. gradually
equipped with a number of mechanical, and increasingly more sophisti-
cated, devices to. control ‘indoor temperature, irrigation. and other

i) 'MAFF, Survey Report on Production Cost of Rice 1984, 1984,
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Table TI-2-1 Mechanization of Paddy Cultivation in Postwar Japan

Major; Types of

- Remarks
Machinery in Use o
-1945-65 1962 Survey:

‘Motors for agriculw
~tural use ’
Power Lhreshexs
Hullers
R]CC mlllLIS

No.. of power tlllers in use 25,000 units} used by 1.5% of
farming: hougsehslds; used for 2.65% of the total area under
paddy; and 0.7% of the area under dryland crops

‘Agricultural Mechenization: Promotion Law {1953} and Fpam

Machinéry Testing Office established by Ministry of Agricul-
ture, Forestry and Fisheries

- 1956-65 -

Poter sprayers

Power dusters

Power tillers{walking-
type tractors)
"Automated Lhreshers

Percentage of agricultural machingry and equipment in fixed
capitel formation of the agxinulturul sector rose Trom 24.5%
in 1955 to 41.2% in 1962 and 31.3% in 1865

No. of power tlllers per 100 farm1ng households {2ha)

rose. from 9.2 units in 1955 to 76 units in 1962

2,184,000 units of wallking- Lype tillers, 13, 000 units of
Ildlngftype tractora, 3,085,000 units of power threshers
{individunlly oimed), and 724,000 units of rice driers
(individually owned) in use (Dec. 1964)

Wide diffusion of the small-scale mechanized systems of
paddy cultivation (éxcluding transplanting and harvesLlng)
Agricultural Basic Law (1961)

_Instltute of Agricultural Machinery egtablishgd {1962)

195676

Riding-type tractors
Rice transplanters
Binders

Head feeding combines

Establishﬁent'df the'entirélf méchanized system of rice
cultivation ! no. of units per 100 farming households rose

 during 1970 ~ 1975 from 0.5 to 14.9 for rice transplanters

4.9 to 26.8 for binders and 0.9 to 6.9 for head feeding
combines . _

3,375,000 units of walking-type tractors, 339,000 units
of riding-type tractors, 435,000 wnits of rice trans-
planters, and 217,000 units of head feeding combines in
use (Jan. 1974}

Pcrcentage of mechanization: 33% of the rice transplanted
area and.?O% of the rice harvested area (1975)

1976-Present.

Wide dlffu31on of the entlrely mechanized system of rice
cultivation; 37,5 umits of rice transplanters, 34.7 units of
of ‘binders and 19.8 units of head feedlng combines per 100
farming households (1980)

Percentqge of mechanization : 93% of the rice transplanted
area and 97% of the harvested area (1982)

1,650,000 units of riding-type tractors, 2,062,000 units of
rice transplanters, 1,047,000 units of head feeding com-
bines, and 1,872,000 units of binders in use {Jan. 1984)
Upgradlng of agrloultutal machinery; e.g. introduction of
mzltiple-row rice transplanters

Improvement and development of machinery for dryland crops
ta be grown on paddy fields {measures for restructuring

the utilization of paddy fields)

Sources. M1n15try of Agrlculture, Torestry and Fisheries, SLatlstlcal Yearbook
of Agrxculture, Forestry and Flsherles, ‘Census of Agriculture and

Forestiry;

and Annual Sample Survey of Agriculture, various issues, and

Management and Coordinating Agency, Current Situations and Problems of

Farm Machinery Utilization, 1984,
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'Figure II-2-) Mechanization of Paddy Production
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' ‘Fisheries, various issues.. :
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conditions necessary for. cultivation in order to speed up the vegetative
growth of crops, to save labor, and aftér two oil crises, to save
:energy. : '

In the llvcstock and poultry qector, gradual 1ncreage in herd size
ahd 'rapld expansiong in-the scale of opevation with respect to - layers
and broilers - accelerated the introduction of machihery and eguipment
‘such as pipeline milkers, - bulk milk coolers, barn cleaners, heaters,
antomatic feeders and - waterers and facilities like windowless Dbarns
These machines ang facilities are domestically produced, but in contrast
with head-feeding combines and rice transplanters, their structural and
technical characteristics are largely conventicnal, chiefly taking after
"models developed in the Western developed nations.

2-1-3 ;Recent.Tréndsfand—Problems-in Mechanization

‘Aftexr the mld 19705, development efforts “have been directed
increasingly to argerwqcale and téchnically more sophisticated farm
machinery for paddy production. Riding- type tractors of over 20 ps
became common since around 1975 and those of over 80 ps have begun to be
produced in recent yearq. Walklng type transplanters have been gradual 1y
replaced with rldlng type ones which transplant 5 - 6 rows or more of
seedlings, -and head- feeding combines have also increased the number of
rows to reap. . Moreover, efforts are being made to diversify the versa-
tility of. head-feeding combines and transplanters, by having them handle
‘crops other than paddy or such operatlons as simultaneocus fertilizer
appllcatlon and seeding.

These -changes are partly related to the overpreduction of xrice
which emerged since ‘the: late 19605 and necessitated a substantial reduc-
tion in the area under paddy and the diversification into other crops in
the - former “paddy fields. The two oil crises also called for energy-
saving  technologies - tao be employed in farm machinery and equipment,
while increaséd accidents in field operations due to the wide diffusion
of Ffarm machinery necessitated the improvement of safety devices.

More impprtantly, the aging of farming population and the increased
role of female labor in farm operations, - which resulted from the move-
ment of labor away from agriculture to industry and services and the
numerical ¢ dominance of part-time farm: households earning a larger  pro-—
portion of .income from non-agricultural employment, called for more
simply manageable, or in other words automated, types cf farm machinery.

As mentioned earlier, most of the farm machinery developed and
marketed in Japan has been. small to suit individual. ownerships by small-
holders; - and contributed greatly to the reduction of labor hours spent
on paddy cultlvatlon.u However, . a reduction in labor hours, or a reduc-
tion in labor costs, brought about’ by mechanization gradually ceased to
" offset the cost of mechan1zatlon during the earlier half of the 1970s.
This was partly due to the increased scale and sophistication of farm
machines which pushed up their prices, and partly due to the low-level
utilization off machinery owned and used individually by smallbolding
farmers, Especially after the first coil crisis- which sharply raised fuel
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costs, the progress of mechanléatnon did not neoessarxly contrlbute to a
further reductlon in prodnctlon costs -

~ In order to reotlfy he state of such overlnvostment ln farm machl~
nery, the Government of Japan, has been trying Lo plomote an. expansion of
the 'operat1ng scale of farming - through various measures .~ within the
framework of the Agr1cu1tural Land Law which was promulgated (in 1952
following the - agrarian land reform and underwent some revisions in. later
years. For . egample, "the. sysLem of entrusting farming ‘operations . to
agricultural. cooperatlves or &lmllar farmers oxganlzatlons has Dbeen
established to promot.e organized - farmlnq, “while farmers are encouraged .
to share the. purchase and utlllzatlon of large-scale. farm machlnery and
agricultural facilities through subsidies and- 1n%tltutlonal ~financing.
The techriical’ sophlstlcatlon of the existing farm machlnery ‘in terms of
durability, operating accuracy, mualti-purpose versatility, and so forth
is also expected to contribute to the solution of the problem.: Electio-
nic/mechatronic -technologies offer great potentials to the development
of -farm machinery toward this direction. '

2-2 Use of Eleetrénics in Jépanese_Agricultute

The advantégesjoffapplying electronic/mechatronic- technologies ' to
agriculture might be summarizéd;asﬂ{a)-iabor saving and :simplifiCation
in farm operations through varying degrees:of automation,  (b).improve-
ment of the operating accuracy of agricultural machinery and facilities,
(c) improvement of safety in farm operatiocns, (d) energy saving, (e)
simiplification ' and . labor saving of maintenance and ‘improvement of
durability, and (£} increased@ flexibility in the use of farm machinery
through - software. technology and optimization of farm - management. In
other words,  micro-processors (CPUs) . and memory chlips  are extremely.
small in ‘size and consume much less energy, but can handle  multiple
inputs simuLtanéously and speedily through software . technology, and
therefore, they would make it possible to reduce the size-and 51mpllfy'
the structure of agrlcultural machinery and fac1lltles, thereby reducing
the cdosts of such machinery and facilities and their: operation.

However, it must be pointed out that, although memory chips and to
a lesser extent CPUs are becoming. smaller and cheaper every yeadr or even
every month:apace with the introduction of new ICs and-LSIS}'mechatronic
technologies, or the manipulating and controlling systems as mentioned
in the beginning of this section, require sensors, actuators and ' pe-

ripheral eguipment..  1f -the number of such accessories .and equipment
increases, the costs of the resultant systems could be higher than the
benefits' which would accrue from them. . This is true at least at the

present = moment  because the. structure and operatlng mechanism . of the
existing . machinery are conventional, or "analogue," in the sense -that
they originated before the electronic age. . Accordingly,  the actual use
of - electronic . technology in agribultural machinery and fadilities, has
been based more on the wired - loglc built into ICs which reqponds to ‘one
kind of input. - If the number of inputs increases. beyond a . certain
level,  computers will become more_economlcal than the juxtaposed chains
of wired logics. Another point to be made is. that the outdcor durability
and . stability -'of more sophisticated mechatronic systems are yet ™ not
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completely established.

2*2—1__Mechatfonics in Farm Machinery

The developmenL and appllcatlon of mechatronic technelogies ave
well-advanced in Japanese industries, = and automobiles and many other
. consumeyr. - durables . as = well as capital goods have built-in eletronic
systems. - Such applications can be; - and are, employed in agricultural
machinery and facilites. :

o The:use of electronic technologies in farm machinery has largely to
do with automatic control and operation. - Sensors are attached to power
tillers for auntomatic draft control,  or te rotary tillers for automatic
control_ of . the plow1ng depLh and thé level position: For hydraulic
drive tractors which are capable of contlnuous change in the running
speed and rotatlng Erequoncy of the rotor shaft, the increment of cut as
well ‘as the plowing depth is automatlcallj controllable. Because the
number of -inputs for such  control is several, such as running speed,
draft,  plowing depth, height of three point hitch, ete., the existing
meéchanism is being replaced by:a microcomputer system.

- For headwfeeding'combinés which carry. out more than one . operation
such as reaping, threshing,; - grading, etc., it is necessary to keep
constant balance between loads onfvaribus operating parts of the mecha-
nism. The available combines already have a system of automatic control
to ‘maintain operating accuracy and save labor. Because the number of
‘inputs (sensing  terminals) and outputs (manipulating terminals}) are
many, the system is gradually being replaced by a microcomputer system,
by -adding - automatic control of running speed and direction, reaping
height’ and. threshing depth, an-alarm system on clogging, automatic
switch-off of  the engine in case of accidents, and so  on. Similar
application will  be made on the multi-purpose machinery which 1is now
being.déveloped-for:use in non—paddy fields.

The application of microcomputers is belng tried on mobile boom ox
speed  sprayers - to control uniform or selective spraying and to ensure
the safety of operators.  Similar attempts are goilng on with respect to
harvestors of easily damageable crops like leafy vegetables and fruits,
and on seeders equiped with optic sensors for maintaining efficient
"seeding rates and patterns. In addition, some trials are being done on
complete automation of some or entire agricultural operations, such as
automated plowing guided by electromagnetic signals from underground
cables and -an automated gantry production systei.

- With respect to .post-harvest operations, electronic/mechatronic
technologies are commonly used in paddy driers of circulaticn type as
well as in rice processing centers. Grading and sorting of agricultural
and livestock products have so far been done largely in terms of weight
and size, but the development of phototransisters now makes it possible
to - sort by _outward appearances like coloring and shape. One of the
examples is the recently developed sorter of oranges equipped. with a CCD
camera for detecting ripeness and surface damages by pests and diseases.
Efforts are being made to develop systems capable of sorting or grading
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differeﬂt crops, and- lectronlc technOJOgy, espeCLale software, will be

central to such development. =~ Small graders of similar capability :aro_ﬁ

alsc being developed. for. Jndlvxdual farmers to use, and it . has . beéen
reported that the appllcatlon of -a microcommuter system reduced - labor
hours spenl on grading and’ packlng by 50 ~ 60%. Packlnq and packaglng
of agricultural - and livestock products, usually done. colléctively - hy
agricultural cooperdtlves,;¢ -lncrcaSLngly “relies  on - mechatronie
technologies of “varving complexlty - One ot the examplcs is a ‘system
for packing ea51ly damageable strawbcrrles. : s

The appllcatlon of . electronlc/mechatronlg tochnologles, espec“ally '
the on- going development efforts and investments in. machlnely for gra—a
ding, sorting, packing and packaging vegetdbles -and fruits; Thas: been
partly for labor= .and’ energy-saVLng purposes ‘and partly Tox . improving
the guality. of products to fetch better prlces in: the market . In. ‘other
words, such attempts-are . oconomlcally ]ustlflable because the market and
consumers differentiate agricultural products ‘in terms of’ quality. '

Future directions _for mechatronic development in. farm -machinexy
might be to incdrpoxate mechanisms to sense, ana]yzp, and respond: to
physiclogical conditions of crops and differences in environmental -~ fac-
tors like nutrlent contents in the soils, thereby Optllelng the appll“
cation of fertilizers, agricultural chemicals - and ‘other necessary
agricultural inputs. : - o

2-2-2 Control of Growing Environment

Electronic/mechatronig technologies are utilized to contrel  envi-
ronmental conditions necessary for raising crops or livestock. Such
application has been developed in glass and ‘plastic-sheet greenhouse
horticulture and rearing of swine and poultry- Cultivation of rice, the
most important staple in Japan, : generally does not-use electronlc tech-
nologies other than those built into agrlcultural mdchlnery like trans-
planters  and head- feedlng combines,  because its production - techniques
are well-standardized ™ and prices and marketing are guaranteed by the
Government. In horticulture. - and animal husbandry, there are sSevere
competition and price fluctuations in the market, and thus there is much
larger room to gain by improving the .efficiency and product1v1ty of
operation by technological innovations.

 According to the study undertaken during 1982-83, . the area' under
glass or plastic-sheet greenhouse horticulture totalled 36,600ha in
Japan as of July ist, 1983. 79% of the area is used for growing vege-
" tables such as cucumbers, tomatoes, melons, strawberries and leafy
vegetables,  11% for fruits like grapes, navel oranges and peaches, and
10% for flowers. ' : : ' '

As shown in Tahle II-2-2, "greenhouse horticulture in Japan uses .:a
variety of equipment. 37 - 39% of the total drea is equipped respecti-
vely -with heating systems,; ' automatic irrigation'systems, ox one~-layer
movable ‘screen for insulation, - 16% with ventilation fans,. : 3% with
carbon dlox1de generators, and so on. = Some equipment, - like heating,
ventilation, movable screens and carbon dioxide generators, are equipped
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with mechanisms of Eeedback control, most commonly timers and thermo~
stats. Such equ1pment has been developed primarily to control a smngle
environmental element llke temperature or water.

As mentioned earller, greenhouse hoxtlculture contr:buted to realH
izing the year-round supply of ‘most of the vogetablee and some fruits.
But the two oil ckises nece551tated the development of energy eav1ng
systems. Recent research and development efforts, have baen ditected to
controlling the crop -environment. as. a system.in order to optimally
enhance photosynthesis and oLher functions of crops.l' As shown in. the
table, 0.2% of the area under qreenhouse hortlculture is Cqulpped w1th !
system which controls: env1ronmental elements -like . Lemperature,- carbon
dioxide density, irrigation, etc., - on the basis of the: level of solar -
radiation. As the number of sen51ng and manlpulatxng termlnals is sever-
al, microcomputer systems. have begun to: be employed in recent . years
Moreover, microcomputer systems are more flexlble in the choice of crops
to be grown in accordance with market condltlons, as. long as software
programs are available.  As shown in the table; 0.9% 'of the area under
greenhouse horticulture has solution’culture eystems ‘which use water or
gravels instead of soils to grow -crops. Some of Lhese systeme “also
utilize electronic technologlee to optlmlze fertlllzer appllcat1on as
well as controlllng env1ronmental Condltlons E

in the livestock and,poultry sector, electronic'techﬁdIOQies have
been employed chlefly in the spheres of ‘research and test. Cqupmeﬂt of
breeding stock, some machtnery tike self-feeders and: incubaters, grading
or sorting of livestock and: poultry products like milk and eqggs. The
gradual increase in the hérd size and worsening _marketlng conditions
{such as oversupply of fresh mllk lagging demand for - pork, increased
market competition w1th imported livestock products) ‘since the -later
1970s have necessitated’ producers ox producers organlzatlons to - nmake
use’ of electronlc/mechatronlc technologies more exLen51vely than before
in oxrder to improve productLVLLy. - An example is the - introduction. of
windowless barns for swine in Wthh temperature, humldlty and sanltary
conditions are controlled by electronic equipment. A sensor system’ has
been also developed to prevent baby -pigs from dying under ‘the weight of
their mother. Similar and in fact more automated and large- scale facil-
ities ares currently used for rearlng 1ayers and brOLlers '

Cenpared with greenhouse'horticulture mentioned 'aboVe,f livestock
farmers in Japan have to keep watch of day-to-day 1nputs and .outputs - of
individual ‘animals in order to improve their product1v1ty ‘throughout the
vear. ..Such close management of fhe swine herd size of over 30 or 50 is
extremely hazardous without the use of computers. ~ Accordingly, the
livestock 'sector_ uses - more all-purpose personal computers. for data
processing than greenhouse horticulture mentioned above which relies
more on the manipulating and controlling systems. ' :

2-2-3 Database Development
‘In - addition‘ to the application to production management on the

level of individual farmers, electronic technologies are essential to
_database'development on much larger scale. ~In order to service farmers
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in -a'quQn 10cality or a region, agricultural ccoperatives, research
institutions -of local governments, or associations of producers and
dJ‘-“trlbutors ‘have begun to complle computeyr daLabases whlch will provide
| necessary and’. leely information on production technologxe& for specific
crops or specic breeds of livestock, or will dilagnose Farm management of
" individual producers. Moreovprtﬂthe Ministry of ‘Agriculture, Forestry
and Fisheries initiated in 1985 a five-year program to develop data
processing Lcchnologles for the establishment of new production manage-
nient systems for agriculture, ' allocating ¥135 million each for FY1985
Cand - FY1986, These -development: efforts will evenlually evolve " into
national ‘and regional network systems.
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3. - DEVELOPMENT OF FISH CULTURE AND FARMING IN JAPAN

3-1 Introduction

It is -perhaps. useful to dlstlngulsh conceptually two . types. of
artificial rearing and. multlpllcatlon of flsh . ‘shellfish, edible agqua-
tic plants and so on which are practiced ln Japan.. - One type 1S cal]ed
yooshoku in Japanese, lLterally mean:ng reared multlpllcatlon, and uLL~
lizes fresh, Dbrackish = or:marine surface water which is cartificially
enclosed,; or "segmented® ' commonly by ‘embankments ox nets.’ This type of
artificial 'muitlollcatlon and rearing has been variously translated as
fish (or shellfish, aquatic plants, -etc., as the case may be)’ cu]ture,
aquaculture or mariculture in Engliéh.'

The other type utilizes open surface water, chiefly in lakes and
coastal marine waters, and-human inteérventions are chiefly directed to
the artificial rearing and release 6f seedlings, the physical improve-
ment of their natural habitats, and the’ control of [ishing operations to

catch, ox rather harvest the released species. The Japanese -~ term
commonly used for this’ type is zeooshoku, 11terally meaning increased
multlpllcatlon. This type of fisherles has been practiced just as long
as yooshoku, and is now actlve]y promoted in coastal and rearer offshore
waters. 1In this paper, this type is referred to as fish (or shellfish;
aquatic plants, etc. as ‘the case may be) farming, although the distinc-
tion in Japanese might be lost in English.

Two types of fisheries mentioned above are-'conceptually dietiﬂ—j
guishable from the nommal exploitation of natural fishery resources -

which reproduce and grow in their natural habitats. In the currently
popular Japanese phraseology, they are called by a new term saibai
gyogyoo which literally means "cultivated fisheries," or fisheries "to
produce” in contrast to fisheries "to catch." in this sense, fish

culture can be considered a more intensive type of fish Farming.

It must  be pointed out, moreover;_ that there is a considerable
overlapping of technical components between fish culture and fish  Ffarm-

ing as defined above. Furthermore, the two ‘types of artificial rearing
and multiplication can be positioned in the same continuum with
"fisheries to catch", from the viewpoint of increasing and/or stabili-

zing the productivity of aquatic eénvironments by means of human ~“inter-
ventions for effective-resource management and economical exploitatipn.

There are several crlterla to classify the cultuxe and. farming of
fish, 5hellf15h useful . aguatic plants, etc. Wthh are practiced in
Japan. WNormally, they are divided ihto inland water and marine cultures
and farming, and the différeht“degrees in intensity of hiuman interven-
tions, such as artificial feeding, application of fertilizers, rearing
of seedlings, necessary phy51cal engineering works and fixed capital
investments, and manlpulatlon of water filows, are used to classify
different types of cultures and farming. Figure II-3-1 shows one way of
clasglfylng cultures and farming practiced in Japan.
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" Figure II-3~1 Classification of Methods for Fish Culture and Farming

———Flowing stream ——-—-——Prawn, black sea bream

__Pond{on land} ) )

- cultuore : . .

—-Gemi-flowing stream———Prawn, blue crab, mullet,
. . black sea bream, sel

Segmented by Yellowtail, red sea bream,
—embankments (bay, —— - qglobefish, parrot bass,
strait bype) anbexjack, prawn

—eeding

.-—Cuiture»~

Sea(segmented) | Segmented by nets —-
culture

ditto

- Surface and middle
layer enclosures —————ditto
(ikesu)

" Oyster, pearl oyster,
Raft, long rope - —-w—— scallop, laver, Wakame
{Underia spp.}, tangle

Marine | - . ) A :
Waters . Negs, thickets, ———————Laver, oyster
L-No feeding ——Sea ———— =] sticks

. {not segmented) )

L_—*Sown in shallows -—————Short necked clam,
clam, ark shell, scallop

Salmon, trout, prawns,
. . . blue crab, abalone,
Release of artificially grown seedlings ————— - —————scallops, red sea bream,
' C scorpionfish, grey rock
cod, flatfish

L-Farming—|

. : hbalone, topshell, short
Transplanting natural seedlings —~—0- necked clam, ark shell,
scallop, spiny lobster,
rock trouat

Carp, rainbow trout, eel,
———-—sweet fish, landlocked red
. salmon, humpback salmon,
r—In ponds—- pink salmon

——Flowing water

Carp, eel, goldfish, silver
-Stationary water ————carp, grass carp, fresh
water shrimp

- Feeding

—In paddy fields Carp, loach

r—Culture—— H——In reservoirs Carp, mullet

Mo feeding —1In paddy fields Loach
: ‘—fapplica- : -
Inland {: : tion of I . -

Fresh . — fertilizer}t—1In reserveoirs — — Carp, mullet
Waters

Humpback salmon, landlocked
. . red salmon, sweet fish,
Release of artificially grown seedlings pond smelt, carp, rainbow
: i - - trout, fresh water shrimp,
—Framing-- pearly fresh water mussel

Sweet fish, common fresh
Transplanting natural seedlings water clawm, fresh water
massel
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3-2 Historxical Background

The practices of culthre“andflarmiﬁg in. Japanese fisheries have a
relatively long history;, dnd their past development and growing impor-
tance in recent - years must be understood as pdrt of the hlstorlcal
growth of Japan s flsherles as a whole. :

Prlmltlve forms: of flSh Culture were repoftedly prdcticéd
medieval Japan, utlllzlng paddy fields, reserv01rs and banked canals for
fresh water f£ish like. common carp, . crucian carp and Joach. At any rateh
the traditional methods of culture in premodcrn Japan seem ‘to’ have
developed malnly fox Freésh waLer fish in land- locked areas with diffi-
cult access to the coasts,.’ . and this tradition of fresh water fish  cul-
ture has been- malntalned to ‘this day in land-locked nlefectureo - The -
techniques " for * crossing and Selecting better strains and for = artifi-
cially rearing SeedllHQb were also tradltlondlly developed for goldflsh
and calico . carp. “This premodern tradition made it easier to diffuse in
Japan the. Lechnlques of the.rainbow trout culture introduced from the
USA during the late 19th and the early 20th centuries when Japan began
to modernize ltS society and economy . o

The fish andgshellfiehfcultﬁre-and_fafming in coastal marine waters
were relatively less developed in premodern Japan, because coastal and
offshore . waters were then sufficiently rich in fishery ‘resources  to
satlsfy local’ demands. . The earliest known practice of culture  in
coastal marine waters is that of oystexr datlng back to the 17th century,
and traditional-technigques of farming in coastal waters were also devel-
oped for laver, an edible seaweed, in premodern Japan “The early devel-
‘opment of. fish culture and farming took place after the turn of the 20th
century, such as the eel culture in brackish waters and the cultures of
young yellowtail and common scallop in coastal marine waterq. But their
operatlone generally remained small in scale until the mid-20th century.

The -growth of. Japanese fisheries during the early half of the
present century centered on "fisheries to catch”, partly buttressed by
the successive governments’ promotional policies.. Along with technol-
ogical -innovations applied to fishing boats, fishing methoeds and fishing
equipment and gear, coastal, offshore and distant-water fisheries grew
steadily - in Japan. Atfter the setback experienced ‘immediately after
the end of World War 1I, Japanese fisheries expanded their landings
rapidly from the mid-1950s to the mid-1960s. The growth of " production
was most pronounced in offshore and distant-water fisheries -of ‘meidum—
and high-grade fish and shellflsh like sa}mons, trouts, tunas and crabs
in this period. '

In terms of volume, the domestic fishexry production continued' to
increase during the later half of’ the 1960s -and the early 19705, but its
structure changed 51gn1flcantly - The productlon of the medium- and
high-grade fish mentioned above elther stagnated or declined, partly due
to the ‘increased international control over their fishing in distant
waters, On the contrary, - landings of cheaper fish species like Alaska
pollack in the northern waters, and sardine and dnchovy, mackerels and
saury in offshore waters increased sizably.  Excepting perhaps Alaska
pollack for which the technology. of fish paste (Egyimi) production was
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"developed to increase its human consumption, the increased landings of
the low-grade pelagic fish species provided cheaper feedstuffs for fish
and ~shellfish culture as well as for livestock. The consumption of
_cheap -pelagic fish as feedstuffs began to increase during the early

'19605 and contlnued to increase throughout the 1970s.

The' perlod of the 19603 and the early 1970 c01ncidud with the
rapld growth of the Japaneqe ‘@CONCnY whlch expanded the domestic - demand
for higher-grade (—.hlghernprlced\ fish and shellfish. Coupled with the
stagnatlon and decline in production of the favored higher-grade species
from Japan's’ coastal and offshore waters,_thls increase in demand gave a
decisive- impetus to the .growth of aguaculture.  In addition to yellow-
tail, eel, common :scallop . and oyster, - such species as sea breams,
prawns and Shrlmps, flounders, globefish, and jack mackerel began to be
cultured in coastal waters as profitable business undertakings. New
species were also introduced from other countries to be cultured in or
transplanted to-Japanese waters, such as tilapia, peljerey, silver sal-
mon, and some lxopical fresh'water prawns .

_The modern’ Japanese flsherles grew in postwar years by extending
the areas they operated in, . from coastal waters to offshore waters ' and

then to'more and more_dlstant,waters.-‘ Two oil crises and the__institu~
tion- of the Law of Sea during the 1970s fundamentally changed the out-
lock of Japanese "fisheries to cateh." The immediate consequence was

the decline of_domestié distant-water: fishexies in texms of production.
Distant-water . fisheries accounted for roughly 40% of landings in 1972,
but . their share declined. to less than 20% by 1980, With the increased
fuel 'costs and ‘the institution of 200-mile  territorial waters,
fisheries—related policies in Japan began to emphasize the high-level
utilizatioﬁ; of the tervitorial waters, which ba51cally evolves around
aguaculture, fish farming and effective resource management by means of
intensified research on flshery resources and environments and increased
investments to jmprove the prdductivity of aguatic environments.

The concept of "fisheries to produce," especially fish farming, has
now.. assumed inéreased importance, . and has been actively promoted by
both the central and prefectural governments for = coastal fisheries.
Artificial - reéaring and release of seedlings had been long practiced in
Japan for salmons, abalone and some other species, but in recent years,
prawns, scallop, blue crab, urchin, sea breams, a variety clams and many
other fish and shellfish species of established commercial values have
been added as target species for farming in different regional waters.

.Furthermoret_'thé Mihistry'of Bgriculture, Forestry and Fisheries
has recently announced the policy concept- of "marine ranching,”"” which
aims . to tame target species and feed them in ranches set up in marine
waters.: . The Ministry has also been promoting the application of modern
biotechnology for controlling reproductive and growth processes of cer-
tain fish opec1es and ultimately for artificially creating new species
for human consumption. = On-going research and development activities
along these lines of pursuit will no doubt influence the technical
CompOnents of fish-culture and farming in the future.
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3-3° Production Trends and Major Cultured Species

3-3-1 Productibn Trends

It is not p0991ble to obtaln ploductlon flgures fOL fish Farming,
because lts harvests are lndlstlngulshable from the-landings froim normal
fishing operatlonq Therefore, the dlqcuSSLOn on production deals with
only marine and fresh water cu]tures ' :

As sﬁown_ in“-Table 'II%3+1, :zdomestic- prodiction - of - fisheries
in Japan increased by 5.5% per annum in terms of value during the decade
from 1974 to 1984, The output:from inland water flsherles accounted for
6% of the total - productlon Lhroughout the period. ‘The total value of
the output from cultures increased ‘at an annual rate of 8.1% -compared
with 4.6% of the normal rlshlng operations, and its percentage in- the
total fishery productlon thus increased from a little over 17%  during,
19741976 to 22% in 1983-1984.

As seen from{thé_table, the output from culturés.accounted Ffor thb
greater part of the produdtlon in inland’ water Ffisheries, Fluctuating
between 63% and. 69%'of'the'tbtal . By comparison, the percentage ‘of
cultures .in totakl output is small in marine fisheries, - - but it’expanded
appreciably - from a little over 14% in 1974-1976 to 19% in 1983-1984.
The higher rates of growth observed in the output from fresh water and
marine ‘cultures were partly . due to the fact that higher-priced - species
are generally cultured.

Table II1-3-1 Flshery Production in Japan (1974 1984)

(100 mllllon yens)

Total- Marine - © Inland water

Output - Of which, Fisheries Of which, Fisheries Of which,

Cultures Cultures I © Cultures
1974 © 17,084 2,947 16,114 2,325 970 622
1975 18,870 3,249 17,740 . 2,536 1,130 713
1976 21;862 3,744 20,635 2,933 1,226 811
1977 - 25,451 4,452 24,035 . 3,522 . 1,416 - -~ 930
1978 - 24,511 5,089 22,927 4,013 1,584 1,076
1979 © 26,480 5,393 24,788 4,229 1,691 1,164
1980 27,779 . 5,797 26,023 4,687 . 1,688 1,110
1981 29,640 - 5,629 26,090 4,565 21,688 1,064
1982 29,640 - 5,804 27,685 4,556 1,957 1,248
1983 - 29,032 . 63356 . 27,239 5,186 1,794 1,170
1984 29,290 .. - 6,404 - 27,450 5,171 1,840 1,233

Source: StaﬁistiCS_and Infoimation Dept., Min. of Agriculture,
Forestry and Fisheries, ' Fishexies Statistics of Japan
1984, 1986. ' :
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Table II-3-2 shows the  volume of production in inland water
cultures ~during . 1974-1984.  The total production of fish species
increased from 67,000 to 97, 000 tons, or at an annual rate of 3.7%. In
texrms of Lonnage,._eol common carp and rainbow trout have large percen=-

aqeo in total production, but ‘the laLLor two species either decreased
its’ output  or . recorded on]y a small increase, while eel more than
doupled iLé'ouLpﬁt;_ The other fish speécies all increased their output,
and especially rapid growth is observed in other trouts, sweet Fish and
tllapla which was transplanted from overseas in late 19705. With res-
pecL to other cultures, fresh water pearl decreased its output, while
softshell turtle recorded a six-fold increase in ten years. The culture
“of. Ffresh. water prawn started in the beglnnlng of the 1980s, but the
fproducLlon remains yet small.

“Table II~3—3 shéws- the volume of production in marine cultures
during 1974-1984. The increase of. fish production was more rapid than
in fresh water cultures, growing at an annual rate of 7.0% over the same
pericd. Young y3110wtail_has the largeét production, accounting for 80%
in 1984, ‘put its growth over the decade was considerably slower than
jack mackerel and sea breams which recorded a six-~fold and an. eighb-fold
increase respectlvely over the period. Furthermore, the increase of
more than thirty times observed in “"other fish" indicates the rapid
diversification of fish cultures especially since the late 1970s.

With respect +to other major marine cultures, prawns, Laminaria
seaweed (kombu in Japanese) and peaxl recorded rapid increase (8.4%,
19.9% and 7.9%, irespectively, per annum). Common scallop, oyster and
laver which have been traditionally cultured show much slower annual
growth {1.7%, 2.5% and 1.6% respectively) over the same period.

3-3-2 Major Species in Fresh Water Cultures

Major = fresh water fish species currently cultured for human con-
sumption in Japan are carps, ' eel,  sweet fish, trouts, and loach. In
addition, goldfish and calico carp are artificially reared as ornamental
pets. Current situations of iwmportant species among them are discussed
below.

{1) Common carp

"As mentioned earlier, the culture of common carp has a long
history in Japan. Before the present century, carp was cultured in
ponds with stationary water. The carp culture in ponds with water
flow commenced in 1897 in one of the land-locked prefectures, and
through the extension SeerCES provided by the central and prefectural
govermments, this more productive method was disseminated to othex
parts  of the country. A recent 1nnovatlon is to culture carp in an
ikesu, a farm lot partitiohed by durable synthetic nets, in inland
lakes. : '

Because segdlings are eésy to produce, and because the intensive
culture is possible in small pqnds'with water flow, the technigues of
carp culture have been exported to other countries. Feedstuffs of old
times were chiefly rice bran-and chrysales of silkworms, but nowadays
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formulated feeds are commonly used.
{2) EBel

~The cultULe of eel bogan arOund the end of the Laet cenLury in' a
brdcklsh water lake on the Pacific coast of the maln island, jand
spread to other similar coastal areas. Because it is not p0331blo to
produce seedlings 1rt1f101ally, the annual ploducllon of oulturod oel
depends on the guantity of nabtural seedllngs {elvers) caughL from the__
sea. In the early 19705, the domestic catch of elvers decllned to 30
~ 50 tons. compared with -the annual demand of some 100 tons. Elvers: of
different strains began to be imported from France, the USA and elser
where. Fingerlings of the same strain of eel are also imported from
China. ' '

The method of eel culture changed from ponds with  stationary
water to those with water flow and tanks -with water cirouldtion,_
Feedstuffs were chrysales of 51lkworms and others in early vyears, ' but
changed to sardine and anchovy and mackerels durlng the 1960s. in
recent vyears, formulated feeds are commonly used. Because eel is
carnivorous, fishmeal is added as the major source of proLein in
feeds. - The current feed conversion ratio (the ratio of feeds in kg
necessary to obtain 1 kg of eel) is about 7 (or 2.3 =~ 2.5 in  drxy
weight  equivalent) . .

The neighboring countries like Korea, Taiwan and China began to '
culture eel and have been increasing eel exports to Japan. Because of
increased competition with cheaper imports, the number of eel farms in
Japan has been decreasing in recent years. ' :

{3) Sweet fish

Sweet fish- is both cﬁltured.énd farmed.: Seedlings are either

artlf1c1ally produced or reared from the- fry caught in coastal waters
during the spring. Because the. fish is favored by anglers, seedlings

are released to rivers amnd the flshlng perlod is strlctly regulated.
Seedlings cultured in ponds with water ‘flow grow faster than those
released to rivers, and can be marketed at higher prices before. the
fishing season. It took some tlme_to,develop the method of producing
seedlings artificially, and the technique developed for raising live
feedstuffs for the fry of sweet fish has been successfully applled to
other fish spec1e5.

(4) Trouts

“Major cultured Species are rainbow trout, brook trout and. brown
trout. The Japanese' Government began to’ import spawns of ralnbow'
trout from the USA.in 1877, -and distributed them to prefectural
experiment statlons in oxder to encourage the development and ‘diffu-
sion of artificial hatchlng and rearing. of seedlings. and their release
to rivers and lakes in mountalnous regions, © The promotional legisla-
tion introduced in 1925 contributed to the development of technologies
related to the culture and farming of trouts and salmons in inland -
waters. By the end of the 1930s, more than 600 hatcherles were in
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operation, produéing_GOO million seedlings,

after the : setback during World War II, the production of
cultured .trouts quickly. recovered in postwar years, reaching 3,000
. tons.in 1962 which exceeded the prewar record. The trout culture grew
. steadily afterward, and the production increased nearly seven times by

the ‘early ~1970s.. - :Culttired rainbow trout was exported to the USA
during . the 1950s, "but along with the rapid growth of the Japanese
economy, .they are now chiefly sold to the domestic market. Raw fish

and wheat flour were mainly used as feedstuffs before, bubt they have
- been replaced by formulated pellets in recent years.

-~ Through the efforts made by prefectural fishery experiment sta-
tions, - the  techniques for . producing seedlings' of such species as
‘humpback ‘salmon and wountdin trout  {landlocked Oncorhychus spp.),
-which ‘had been considered impossible, have been establiShed in recent
years. -No commercial culture of these species. is carried out yet, but
the demand for artificially produced seedlings has heen increasing to
release them to rivers. Advanced techniques for chromosome manipula-
tion have been . and are being developed to hatch only. female trouts
which bring belter prices than males, or triploids which grow-faster
‘and bigger.’ ‘ :

3-3-3 ' Major Species in Marine Cultures

Major marine fish and shellfish species which are currently
cultured ‘for human consumption are yellowtail, red sea breams, prawns,

oyster and common scallop. In addition, great 'many species are
cultured, such as globefish, flounders, parrot bass, amberjack, and a

variety of bivalves and ark shells.
(1) Yellowtail

The culture of yellowtail began in the late 1920s in parts of the
Inland Sea which Separates the southern part of Honshu Island ' (the
main island of Japan). and Shikeoku Island. The culture of this
migratory fish species steadily spread to the surrounding areas since,
partly because it is relatively easy to obtain natural seedlings, and
partly because they grow fairly quickly to enable their marketing at
high prices during the period when their natural catches decrease.

The rapid growth of the yellowtail culture took place during the
1960s when durable synthetic nets were introduced to be used for the
farm partitioning and cheaper feedstuffs became available. The in-
crease in production was also related to the development of c¢old
chains in the country, which enabled the distribution of fresh yellow-
tdail and freShifeedstuffs. With_the increase in cultured production,
' the  total. . dependence on naturally available seedlings is now con-
“sidéred to become a limiting factor in the future, - and efforts are
being 'made to develop technigques of the artificial rearing of seed-
lings t¢ stabilize the supply.
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(2) Red sea breams

The early culture of red sea. breams began some . 20 years ago,
mixed with yellowtall,‘ along the coasts of the Inland Sea. The full-
scale culture ‘began in the-late -1960s-in southern parts of Japan,  such
as prefectures Ain the’ Kyushu Island- and Shikoku Island. It-did -not
take long before: red sea’ ‘breéams became the aecond most PlOflLablG
specaes in fish culture aftcr yellowtall. ' ST

- The. culture of red sea breams uses f]ngerllngs of about 10 ~'2O g_ﬂ:

which are caught from the sea and placed in relatively deep’ segmented
ikesu (farm lots partltloned by nets) of about 10 m'in depth. ~The_
seedllngs are. reared for- two to. three years until they grow 9. weight
from. 600 g té 1 kg and fetch good prices.. Feedstuffs nust be. selected
and mixed carefully . to obtain " desirable red coloring of the. fish; _
Warm sea areas “mere the temperature does not go down below 10°C
during the winter are partlcularly sultable for the culture of red. sea
breams.

AL present; .séedlings of red sea breams necessary for- culture
chiefly  depend on natural supply.  The technigques of the artificial
rearing of  seedlings have been developed, and seedllngs are . now
cultivated .at various places in 100,000 to 1 ,000,000 units to stabi-
lize the total supply of seedlings.

{3) Prawns

Prawns -are - one of the most- expenulve seafood favored 1n - Japan.
The early form of prawn (Penhaeus japonlca) culture was begun in one of
the prefectures “in the southern Kyushu Island mainly . to keep them
alive for a short period to favorably adjust their shlpments to: the
market. The full-scale culture was ‘established during the 19605 after
some per:od of trial and exror on’ artificial seed collection, inter-
mediate rearing of seedl;ngs and final rearing in ponds. The devel-
oped methods are applied through some modifications to the culture  of
other prawns 1ncltd1ng troplcal speCLes. '

The methods of culture can be -divided  into éxtenéive and
intensive. types.. - The former ‘type utilizes the sites . of old salt—
fields ' on the beach or natural inlets, “and takes advantage -of . the

tidal range to exchange water in dyked  ponds twice a day. Pumps are
employed - to stir up pond water during the swmer when the water tem-
perature gets high and the oxygen Jevel_drops. Costs of pond con-

‘struction and power for pumps are not expensive; but the productivity
is qenerally low, harvestlng 200 -~ 300 g per square meter, and 400 g
at the highest. : - : :

_Phe intensive type of culture uses a pond with .two. bottom layers
to clean the bottom water and sand. = Pond water is changed frequently
by -pumps - to raise the productivity.: " .In one prefecture in . Kyushu
Island, - a round . concrete pond of 1,000 square. meters ‘with double
bottoms change water five to six tlmes a - day and keeps water flowing,
and prodice 2.5 - 5.0 kg of prawn per sguare metex.
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(4) Oyster

The - traditional culture of oyster began- in Hiroshima Prefecture
on. the coast:of the Inland Sea, wutilizing the shallow waters planted

with sticks called hibi.  Around the mid-1920s, this method was taken
over by the new method developed in Northern Furope, which utilized
rafts-and hung holders of oysters perpendlcularly from tChem. The new

nmethod rapldly spread to other areas, because it enabled more effi-
_ cient ' three-dimensional -utililization of deeper COaStdl waters and
_reallzed hlgher welqht gains than the traditional method.

Tha method_of'perpendicular hanging not only contributed to the
increase - in production and the spread of the oyster culture in Japan
but also  served ds the forerunner of the similar types of cultures
which utilized rafts:or long ropes for hanging down seedlings, such as
those methods developed for pearl, common scallop, and edible seaweeds
like wakame ({(Undaria spp.) and kombu tangle (Laminaria japonica).

{2} Common scallop .

Common scallop is a bivalve which prefers cold water. “The full-
scale Culture began in one ‘of the northern prefectures of Japan s main
island . in  the early-1960s,. and quickly spread to the surrounding
-prefectures and the northernmost Hokkaido Island partly to offset  the
decline of natural production due to overexploitation. The methods of
Culture__somewhat vary depending on local conditions. The long xope
method and the raft method have been developed to hang holders of
scallop. seedlings, but the former method is said to be more
practicable. Holders of scallop seedlings vary from different types
of mesh bhags to ropes.

Seeds of scallop_are collected during May and June by having them
attach _themselves to certain types of {wigs, cloth, or nets hung in
the sea, - and then they are reared to seedlings either for the subse-
gquent culture in, or release to, coastal waters.

In . the past, common scallop was mostly consumed locally in the
northern parts of Japan, but along with the development of transporta-
tion and cold storage and the increased mobility of population, the
domestic market expanded to the southern parts of the country, most
notably in large urban markets like Tokyo and Osaka. In line with the
increased production, mechanical devices have been developed to clean
harvested shells and process scallops.

3-4 Technologies for Fish Farming

As .mentioned earliér, technologies associated with cultivated
fisheries, - or the farming in open waters of fish, shellfish and other
useful aguatic fauna and flora,' consist of the release of seedlings to
open, surface water, the improvement of their natural habitats, invoilving
both minor.and major civil: éngineering works, and the effective control
of fishing efforts to ensure economical harvests of Ffarmed species.
‘And: it must-be carried out with the accurate understanding of biological
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traits - and behaviors of the target species and their favorite.. natural
habitats, . including the effective conservation and improvement of aqua-
tic environments. Therefore, the governmental supports, both financial
and technical, have played a much larger and more direct. role in devel-
oping the technologles for flSh farmlng tharn 1n aqudculture.

Governmental promotlonal measures for coastal flsherles in. postwar
years. were chiefly directed to (i}’ ‘the improvement of fishing . grounds,
(ii)} conservation and multlpllcatlon of fishexy resourues,_ and (311)
intensification .of research and development activities -at prefectural
fishery experiment stations. However, public sector . cfiorts durlng the
1950s "were limited to salmons: and trouts,;“common scal]op,_ hard- clam,
and short-necked clam, partly because the Japanese fishery sector. aL the
time. was more 1nLeresLed_ln expandxng distant-water flqherles, - and
partly because  the government : policies emphasized the - economic
development through industrialization which brought = about -the
deterioration of coastal fishing grounds. ' SR

_The concept of cultivated fisheries in coastal waters was ~first
explicitly used in the governmental pllot program initiated in. 1963 for
the fisheries in the Inlanhd Sea. Durlng 1971-1974, extensive’ ‘ecological
studies in coastal waters were conducted in preparatlon for the ' imple-.
mentation of similar programs in other coastal areas. To develop neces-
sary technologies, . cultivated fisheries centers were established  first
by the central govermment and by prefectural governments since 1973, and.
the centers now number some 40.

With an appropriate legislation in 1973 to ensure the c¢oordihated
efforts  of " tLhe Central-and'préfeCtural.:governments and. fishermen's
cooperatives, the Japanese Government began its investment program for
the development and improvement of coastal fishing grounds since 1976,
in addition to the program for the structural improvement @ of coastal
fisheries which had been started in 1962. In recent years, the Govern-
ment allocated a total of ¥400 billien (US$20 billion’ at the'exchange
rate of ¥200 to a dollar) for development and improvement works in
coastal - fishing grounds during 1982-1987, and ¥200 billion (US$10
billion) for structural improvement works for coastal fisheries during
1979-1989. ' : '

The ' coordinated. efforts of the public sector and coastal : fisher-'
men's cooperatives have been succéssfully applied to salmons and trouts,
prawns, red sea breams, blue crab, common scallop, seaweeds, etc.. The
above mentioned. prefectural cultivated fisheries centers -piayed an
important role in increasing the production and release of seedlings,
which improved the survival rates of fry. :The number of fish and shell-
fish species targeted for the release of seedlings ave now increased
substantially, and many public sector research institutes and private
organizations are now cooperatlng in related basic and applled research
prOJECtS- s : '

The improvement of coastal fishing ‘grounds consists of 'a 'variety
of works. 1In order to aid the survival and growth of spawns, spores,
fry, or released seedlings, it is hecessary to develop better beds of
seaweed, to submerge thickets, rocks and concrete blocks, artficial

78



Fish

Figure II-3-2 Major Methods for Fish Farming
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reefs, etc. .as shelters- in the sea, to clean or construct suitab;e
shallows - and beaches, to improve fish ways and facilitate water cup-
rents - by widening bays and river mouths. ox dynamiting. floor - rocks, to
abate = wave strength by sinking breakwatexs or floats, . to apply ferti-
lizexs ~ for increasing planktons,  to. ‘eliminate pledators, and - so  On.
Figure II-3-2 shows major constructlon works done for the selected fish,
shellfish and aquatic plant species in coastal waters.

It is difficult to measure guantitatively how much these practices
have contributed to increasing catches of coastal fisheries.  But the
reported cases of increased landings in specific localities have been
increasing. ' '

3-5 Concluding Remarké

The . development of fish culture and farming "as-briefly_'described-
above is ultimately based on the characteristics of consumption in:
Japan.  Japan is one of the largest consumers of flshery products in the
world. - “Per capita daily 1nLake of protein in Japan-is about 82 g, :of
which 49% is derived From ‘animal food, and fish and shellfish _accounL
for -45% of the -total daily animal proteln Aintake of " about 40 g,
Although the growth rate of total per. caplta consumption of flSh and
shellflsh has been slowing down in recent years by compar:son with meat,
the COn&umpthn of hlgher—grade (= ‘higher~priced) species like prawns,
tunas, * salmons and otherv have been steadily increasing, reflectlng the
growth of per capita income. :

_ As' large consumers of fishery products, the Japanese finely diffe-
rentiate the grades of diverse fish and shellfish they eat, dnd this is
reflected in the wide differences in price between high-grade fish and
low-grade fish.” In 1984, for instance, the wholesale price in producing
regions- of sardine and mackerel two- low-grade fish spe01es, ‘is ¥17 per
kg compared with ¥1,906 For albacore (a tuna species), ¥711 for yeéllow-
tail, ¥1,745 For flatfish, and ¥1,436 for red sea bream.

The  Japanese have devaloped'various methods to prepare and Cook'
fish and shellfish, in which the freshness and tastes are highly valued.
‘This is also reflectéd in price differences. In other words, Japanese
fish culture and farming grew to provide higher-grade fish and shellfish
species as fresh as possible to the consumers. This is Fundamentally
different from the kind of fish culture belng promoted  in developing
countries__ih order -to provide a cheap.source of animal protein to the
- population.

In order to produce 1. kg of high-grade.fish and shellfish species,
it is normally necessary to give 6 to 10 kg (wet weight) of feeds. Fish
and shellfish cultures thus depend on the stable and abundant supply of
cheap fish. In addition, their cultures require considerable initial
investments in physical facilities. The same applies to fish farming,
in. which _government subsidies and direct investments play- a crucial
role. '

Moreover, fish culture and farming must be supported by the basic
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and _applied research work on fishery resources and their habitats in
order to apply most. suitable human interventions for increasing their
'productivity and quality in culture and farming. One of the serious
:prOblems in marine cultures in Japan . is the repeated occurrence of Lhe
red tide caused by the sudden blooming of vegetable planktons during the
summer, and efforts are being made to minimize the losses due to the red
tide. All these efforts and investments have been possible, primarily
because Japan's domestic consumers have been able to pay hlgh prices to
high= grade fish or shellfish, :
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APPENDIX TO FISH CULTURE
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IIT. INDUSERY
© 1. INDUSTRIAL DEVELOPMENT AND INDUSTRIAL POLICY IM POSTWAR JAPAN

t*i' Industtial'Development-ahd structural Changé

'As shown in I-1+1 (Chapter I “Macroeconomy"), the growth of the

Japanese  economy after. World War II is demarcated into the following
three stages (see’ ‘Table T-l- 3, P.3). The first stage covers about 15
years: from immediately after Lhe‘War_to;the_T9505, during which Japan
achieved pogtwar reconstruction and prepared for the next high economic
growth period. In this first stage, Japan overcame.the runaway infla-
tion after .the War, and secured econowmic self-reliance. o

The 'second stage covers- the high economic dgrowth period Irom the
“end of the 1950s to the first oil crisis, during which Japan achieved
heavy and . chemical industrialization through a great structural change
in its economy.

The third stage covers the period from the first oil crisis to the
:ptesent’timé;_durihg which the economic¢ growth rate decreased signifi-
cantly compared with that of .the second stage. During this period,
income was increased through the high economic growth, which, however,
produced such negative - 1nfluences as pollution. Therefore, Japan has
come to. aim for qualltatlve economlc expansion rather than for conven-
~tional quantltatlve growthu

This section_chiefly;covers the process of the growth &f the manu-
" facturing sector, which has supported the expansion of the Japanese eco-
“nomy” since the ‘end of the War, and also covers the structural change of
" this gegment of the economy.

Table III-1-1 shows the change {based on value of shipments) in
_structure of .the manufacturing sector, and Table T1i-1-2 provides the
contribution of ecach industry to growth. As shown in these tables, the
ApostWar'industrialization with enhanced importance for economic growth
has not been accompanied by the continuous growth of only one industry,
but rather by structural changes. in this sector, that is, each period
having a different leading industry.

Let us classify the manufacturing sector into two groups, in order
to recognize the changes in economic importance of each group. The
first is the heavy and chemical industries group, which consists of the
‘chemical, metalﬁ.ahd machinery and - equipment industries. The second is
_the light ‘industries group, which consists of all others. The relative
importance of light industries has decreased dramatically, for instance
55.9% in 1950, 41.1% in 1960, .34.2% in 1970 and 31.6% in 1980. In par-
ticular, the téxtile industry had the highest share of 21.5% among 21
industries in 1950, but this -dropped to as low as 3.8% in 1980, with
11.2% in 1960 and 6.4% in 1970. On the other hand, the share of heavy
and chemical industries increased  from 44.1% in 1950 to 64.3% in 1980.
Of this, the most rapidly increases were in the latter half of the 1950s
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Table ILI-1-1 Structure of Manufacturing'Sector

%)

code  Indusiry 1950 1955 1960 1865 - 1870 1975 1980 1982

< VALUE OF SHIPMENTS >

100.0 100.0 100.0 100.0 100.

Total ' _ i00.9 100.0 0 0 4 100.0
| Food products 13.4 17.9 12.4 12,5 10.4 .11.9 10.6 11:0
2 Textile : : 21,5 18,2 1102 - 8.8 6.4 5.8, 3.8 - 3.8
3 Apparel & related products 1.7 1.3 1.2 1.5 i.4 i.7 b4 14
4 Lumber & wood products 3.9 4.1 . 8.5 3.6 3.2 - o2ig 0 2.5 18
5 Furniture & fixtures. 0.8 1.6 1.0 t.4 . 1,5 1.5 1.4.- 1.1
6 Pulp.paper o 3.5 4.2 . 3.8 3.8 3.3 3.3 3.2 3.0
7 Publishing.printing 3.2 3.3 2.5 3. 2.9 3.3 ..3.3 . 3.4
6 Chémical products. ' i2.9 11.0 89.4: 9.5 8.0 .82 8.4 | 8.0
9 Petroleum & coal ploducts ‘ 14 1.9 2.4 2.8 2.6 5.9 7.1 6.9
I3 Rubber products . 2.4 1.4 1.5 - 1.3 © 1.1 1.1 1.2 1.t
{1 Leather products = ) 0.8 0:6 - 9.5 . 0.6 .0.5 0.5 0.5 0.4
12 Ceramic.stone & clay products 3.3 3.4. 3.5 ‘3.6 3.6 3.8 3.9 3.7
13 Iron & steel 13.0 8.6 10.6 5.1 8.5 8.9. 8.3 7.6
14 Non-ferrous metal products 0.0 4.1 4.3 4.0 4.4 3.1 3.8 2.9
15 Metal products. 3.0 3.2 3.9 4.7 5.4 5.2 5.0 4.9
16 Ordinary machinery. 4.8 4.6 . 7.8 7.8 9.9 ‘8.3 802 8.7
17 Electrical w. & egquipment - 3.1 3.7 8.3 7.8 10.6 8.5 10.4 12,0
{8 Transporti equipment - - 5.2 5.5 8.5 8.7 10.5 . 11.6  "il.68 ~12/5
19 Precision iastruments- 0.8 0.8 1.1 i.3 . 1.3 - 1.4 1.6 - 1.6
20 Ordnance & accessorles 0.0 0.1 0.0 0.0 0.0 0.0 0.0 a.0
21 Others 1.3 2.0 2.5 3.3 3.6 4.8 4.1 4.1
Light industries 55.9 53.5 41.1 401 34.2. . 35.0 31.6 30.5
Heavy and chemical industries LY 44,7 56.4 56.6 - 62.3 &1.0 64.3 65.2
Chemical industries 14.3 12.9 1.8 12.3 0.6 14.1 . 15.5 14.8
Metal industries 16.0 17.0 8.8 17.7 19.3 17,1 _17.) . 15.4
Machinery and equipment 13.9  14.8- 25.8 26.6 32.3 29.8 - 31.8 - 34.8
< VALUE ADDED >
Total o i00.0 -100.0 j00.0 100.6 100.0 1060.0
nght industries’ " 41.1 43.3 . 37.%9 42.0 38.8 38.0
Heavy and chemical industries : 58.9 . 56.7 62:0 57.9 61.2 62.0
Chemical indusiries 12.1 12,1 1.2 10.2 10.6 10.4
Metal industries 16.1 14.9 16.0 14,7 16.4 14.5
Machineéry and egquipment 30.7 29.7 34.8  33.0 34.1 37.0

Source : MITI . Census Of Manufactures . various issues.

Note : Light industries = code 1-7.10412,21
Heavy and chemical industries = code 8,9.13-20 :
Chemical industries = 8.9 Metal products = 13-15
Machinery & equipment = 16-20 '
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and again, in the late 1960s., Within the heavy and chemical industries,
the growth rate of each industry varied significantly from one year to
the next; that is, the share of metal industries and maohlnery & equrp-
ment industries increased during the high- ‘economi¢ growth period, while
chenical industries were depressed. :

after enterlng the stable growth period ‘of the 1970° the share of

machinery and equ;pment=1nduvt11es, especially electrlcal machlnery &:
equipment and transport equipment, rose.

In parallel with these Changes:'in indostrial.'etructure; ‘a great
structural change has been developed in -trade, especially "in exports.
The value of exports was only 800 mllllon dollars in 1950. The ‘amount,
however,; increased to as high a level as. 169.7 billion dollars in 1984,
after progressing from four billion dollars "in. 1960, to 19.3 billion
dollars in 1970, and to 130.4 billion dollars in 1980. 1In the 30 years
from 195C to 1980, the value of Japanese. exports increased at.an annual
rate of 18.4%, whlch exceeded the corresponding world trade .rate of -
12.2% by 6.2 percentage ‘points. As the result, the' Japanese share of
world exports expanded to 7.0% in 1980 from 1,4% . in 1950, - ‘During the
period 1980 +to 1984, while total world exports decreased by 1.5% ih
average annual'terme, Japanese exports achieved 6.7%° p051t1ve growth,
though this was lower than previous years’ flgureg. ‘Accordingly, the
share of Japanese exports in the world market 1ncreased to 9.6% by 1984,

The rapid exXpansion in exports after the War was supported by the
increased export of heavy-industrial products, especially machinery and
equipment. : :

Table ITI-1-3 shows the change in the export structure during  the
period 1950 to 1984. The export of light industrial products, with tex—_
tiles as the ]eadlﬂg ltem,'dropped in percentage terms- from 68.2% in
1950 to 13.8% in 1984, -with 56.0% in 1960 and 27.6% in 1970, ~ In
contrast with this change, the export of heavy and chemical industrial
products rose in perc¢entage  terms up to as high as 86.2% in 1984 from
31.8% in 1950, and 72.4% in. 1970, Above all, the total share of exports
of machinery and eguipment - increased to as high as 70.4% of total
exports 'in 1984, from only 10.5% in 1950. Since the latter half of the
1960s the additional export wvalue of machinery. and eguipment has
accounted for more' than 50% of the total additional value exported from
Japan, especially during the first four years of the 1980s, when the
percentage reached as high a level as 90%.

During the years following the wWar, the low international com-
petitive p051t10n of heavy and chemical.industrial products became one
of the factors restrlctlng the industrialization of Japan, so that the
lmportlng of intermediate and capltal products expanded rapidly., For a
country such as Japan,  with no- noteworthy natura] resources, it was an
urgent task for the purpose of export expan51on, to. raise the -inter-
national competitive. 9051t10n of - heavy 1ndustr1al products, which have
higher incomeé elasticity. and added-value. than ‘light industrial products.
The acceleration of heavy and chemical 1ndustr1alrzatlon_from ‘the latter
half of the 1950s reinforced international competitiveness of ‘the heavy
and chemical industries, particularly in machinery and equipment, which
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Tahle I1I~1-3 Bxport Structure of Japan

_ (%)
1950 1955 1960 1965 1970 1975 1980 1984
rotal . 100.0 100.0  100.0 100.0  100.0 100.0 100.0  100.0
Light 68.2  62.0 56,0 38,0  27.6 16,7  15.6  13.B
Industries
Food | - 5.9 . 6.2 6.3 4.1 3.4 1.4 1.2 0.8
Textiles 48.7  37.3 30,1 18.7  12.5 6.7 4.8 4.0
Others - 13.6 58.5 19.5  15.2 11.8 8.7 9.5 9.0
Heavy & Chemical 3.8 38,0 44.0 62.0 72.4 a3.2 84.4 86.2
Industries
_Chemical. 1.9, 5.4 5.4 4.5 6.4 7.0 5.3 4.5
Industries
Metal Industries - 19.4 19,2 14,0 20.3 19,7 22.4 16,5 1.3
Machinery 10.5  13.7  25.5 35.2  46.3  53.8  62.7  70.4

& Equipment

Source: Statistics Bureau, Management and Coordination Agency, Japan Statistical
Yearbook.

turned ‘out’ to be the leading sector for export expansion ‘in the latter
half of the 1960s. The fundamental factors to support the reinforcement
of internatiqnal competitiveness were the efforts to raise productivity,
through modernization of eguipment and the introduction of new tech-
‘nology, thus reducing costs and improving quality.

For the 15 years from 1965 to 1980, the nominal capital amount per
laborer (X/L) increased 4.7 times (3.4 times if expressed at 1980
‘prices), while nominal labor productivity (Y/L) increased 7.2 times.
Figure III-1-1 shows. the change in real labor and capital productivity
in 1970 and 1980 with the base of 100 in 19265. The real labor produc-
tivity increased during these 15 yéars by an average of 3.4 times in the
manufacturing sector, but 4.7 times - in the machinery and eguipment
industry in particular. Due to the low levels in the 1970s, real capi-
tal productivity leveled off‘rohghly for the 1% years as an average for
the manufacturing sector. However, a significant increase of 1.6 times
was observed in the machinery and equipment industries.

From above, it can be said that the increased productivity of the
machirery and equipment industries has rapidly reinforced the inter-
national competitivenesS and contributed significantly to the expansion
of Japanese exports.

The progress of industrial growth in Japan from the end of wWorld
War II to the present time has been accompanied, as mentioned above, by
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Figure ITI~1~1 Labor and Capital Productivity

Y .
N
{1965 = 100)
500 b
400
300
o Manufacturing Total
» Light Industries
wr x Chemical Industries
= Metal Industries
-4 Machinery and.Equipment
100§-
| £965 _ _ _
’I:__‘r . . 1 .k ¢ ) :
o 50 {0 150 _ 200. X

Source: MITI, Census of Manufacturers,

Y o :
Note: Labhor productivity (i:) = value added per employee

Y - :
Capital productivity (Eq = value added per fixed assets

many structural changes, in these-changes,_emphasis has been shifted
from the light industries, with textiles as the leading industry, to the
heavy and chemical industries, and in particular to the machinery and
equipment industries. ' oo :

The industrialization associated with suc¢h structural changes has

been led or supported by Japanese postwar industrial policy. Thig
-policy will be described briefly hereunder.
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1-2. Japan's Postwar Industrial Policy!)

1-2-1 Recdnstrﬁction and'Intérnal Consolidation Period-
{from late 1940s through 1950s)

. According. to the data from the Fcoonomic Stability Headquartérs run
‘by ‘the postwar Government, Japan lost a total of 36% of its national
wealth through World War TI, and most of its industrial facilities had
heen destroyed. At the.end of the War, industrial activity in Japan was
at a near stand still, and production of consumer goods was at only 30%
of the prewar level and that of producer goods at mere 8%.

~Therefore, the first objective of the policies of the Japanese
GOvefnment immediately after World War II - was directed to the
reconstuction of the economy. - To achieve this . objective, it was First
necessary to rebuild basic industries such as coal, steel and electric
power. . The Japanese Covernment took action to give pricrity to those
“basic - industries' redevelopment in its allocation of = limited raw
materials, capital and foreign currencies available at that time {called
“the Priority Production System"). Regonstruction of the economy was
nearly finished.by the mid@-1950s, but industrial policies adopted during
the reconstruction period éontinued or were newly applied during the
latter part of .the 1950s to .prepare for the further steps to establish
econonic self-reliance, '

(1) Priority Production Systemn

Coal was the only domestically produced raw material in adequate
amounts in Japan. In the light of this fact, the Government planned
to achieve the recovery of -overall national industrial and mining pro-
duction on the basis of recovery of coal and steel production. In
December 1946, the Japanese Government decided to adopt the "Priority
Production System" intended to enable expansion of the coal and steel
production., The System was designed to:

i) This section was mainly based on the following publications:
1. Sangyo Kozo Shingikai (Industrial Structure Council), Hachijunen-
“dai no Tsusho Sangyo Seisaku (Vision of MITI Policies in the
1980s}, 1980. .

2, do., . Nanajunen-dai _.no Tsusho Sangyo Seéisaku (Vision of MITI
Policies in the 1970s), 1971. _

3. Japan Trade and Industry Publicity, MITI Handbook, 1984.

4. Tsusho' Sangyo Gyosei Kenkyukai (Industrial Policy Study Group),
Tsusho. Sangyo (Industrial Policy), Vol. I and II, 1983.

5, Industrial,_sttuéture Division, Industrial Policy Bureaun, MITI,
Jépahese.Indﬁstrial Policy,_1985.

6. JETRO, Japan's Postwar Industrial -Policy, 1985,

7. Keiichi Konaga, "Industrial Policy: The Japanese Version of a
Universal .. Trend", Journal . of -Japanese Trade & Industry,
July/Rugust 1983. .

8. OECD, The Industrial Policy of Japan, 1972,
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(a) supply all imported res1dua1 0il to the steel sector and allo-
cate coal supplies to the steel industry on a priority basis

{b) supply resultant steel: Pproducts to the coal’ industry, . :

(¢) encourage the coal industry to merove mining faCllltieS uSLng
this steel, thus promotlng both coal and steel productJOn.

The Reeonstructlon ‘Finance Corporatlon whlch was establlshed Ln
October 1946 to supply private companies with necessary -capital funds
for -industrial redevelépment from the Govérowent budget, :played -an
important  role in ,flnanclng the Priority Production -System. " The
Reconstruction Finance Corporation raised fuiids by issuing and selling
its bonds to the Bank of Japan, the Japanese -central - bank. The
Reconstruction Finance- Corporatlon lent a total of 47.5 billion yen to
the coal mining industry during the three yeals from FY1946 to FY1948,
which was 36% of total outsLandlng of "its loan, and ‘total of 3. 5
billion yen to the steel industry during these years‘ :

In addition, large amounts of collateral funde {Government yen
funds deposited with the Bank - of Japan starting: from April. 1949 ‘and
originated from revenues of Government sales of forelgn commodi ties
aid from the GARIOA and EROAY) schemes) wére poured into the two
industries, - PFurthermore, price adjustment subsidies and import sub-
sidies worth 76 billion yen were given to the steel industry from
FY1947 to FY1949. ' '

Because of the Government support for productibn expansion,
national coal output rose from 22.5 million tons in 1946 to 34.8
million tons in 1948 and 37.3 million tons in 1949, and steel output

from 0.55 million tons in 1946 to 1. ?1 million tons in 1948 and 3,11
million -tons in 1949. With the increase of coal and steel’ productlon,

overall national - industrial = and mining production’ recovered_
remarkably, and-the'industrial_and mining. preduction index for FY1948
rebound to 46% of prewar productin levels (see Table III-~1-4),

Pable I1I-1-4 Production Indexes of Basic Industries-

' {1934-36 Level as 100}

“ Totel.mlnlng & Coal Steel. Electric
industrial production . povwer |
1946 _ 27.6 55.3 22,4 129
1947 34,7 : 73.7 29,3 136
(25.7) _ (33.3) . (30.8) © (5.4)
1948 45,8 S S50.6 49,2. . 156
(32.0) _ (22.9) - (67.9) (4.7
Source: JETRO, Japan's Postwar - Industrial Policy, 1985, (driginal
source: . Nippon . Kaihatsu Ginko Junenshi (10-Year History of

the Japan Development Bank)).

Note: Numbers in parenthe31s 1ndlcate percentage growth over the pre-

'v1ous year.,

1) GARIOA = Government Appropriation for Rehabilitation in Occupied BArea
EROA = Fconomic Recovery  in Occuplied Area -

92



(2) The bodge Line - An Beonomic Stabilization Program

The Japanese postwar economy trod a deviant reconstruction path,
where most working funds were. provided through AlXlied Forces' aid and
Japanese  Governiment subsidies. In this reconstruction process, the
econcmy -suffered from wild inflation. - At December 1948, the GHD
{General Headquarters of the Allied Forces) issued "Nine Principles of
Econiomic - Stability" .pointing to ways to stabilize the economy, and
then’® the reconstruutlon path was given a new direction. The Nine
Pr1nclples were.

(a)'Balancing'the Government's general budget

(b) SLrengthenlng ‘tdx collection

(¢} Stricter selection of creditees

{d) Stabilization of wages

(e) Strengthening price regulation

(f} Strengthening foreign exchange control

{g) Improvement of commodlty ratlonlnq for export promotion
{h) Production expansion -

(i) Improvement of food delivery

" The directions of the Nine Principles were put into action in an
economic stabilization program called ‘thé "Dodge Line"™ drawn up by
UiSe - Djplomatlc Representative Joseph Dodge. The objective of the
program was to: curb inflation through balancing the Government budget,
to link the Japanese economy with the international economy by fixing
the exchange rate of yen, and to attain economic independence of the
country through export promotion and industrial modernization,

As a part of the program, subsidies to industry were slashed and
activities of the Reconstruction Finance Corporation were suspended in
FY1949, .- At the same time, the exchange rate of Japanese yen was fixed
at 360 yen to the U,S. dollar, on April 23, 1949. All in all, the
Dodge Line succeeded in stabilizing the Japanese economy. Inflation
rates'dr0ppéd from 65% in 1949 to 18% in 1950 for wholesale prices and
from 26% to -7% for consumer prices.

(3) promotion of industrial modernization

Additionally to production expansion, it was necessary to reduce
productioh costs and upgrade product quality through modernization of
the. industry in: order to promote exports. In . September 1949 the
Cabinet meeting of ~the Government decided the basic policies for
industrial modernization, = The Japanese Government set reduction of
Japanese product prices to international levels as the foremost goal
" and required individual companies to make stronger efforts to moder-
nize their activities.,. In the Cabinet meeting, the following measures
‘were agreed to for industrial modernization:

{a) Initiation of industrial standards and greater utilization of
"the-labeling system

(b) Formulation and dissemination of standard production control
methods '
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{c) Encouragement of research and development, and dissemination of

_superior . technology
(d) Securing modernization funds
{e) Promotlon of lncomlng torelgn Capltal

'And in the meetlng Can’ Industrlal Modernlzatlon- Counct] Was
-established as ‘an advisory body to ‘the- Mlntster of Internatlonal Trade

and Industry composed of members appointed from industry, flnance and -

government. In August 1950 -the: Council -proposed the'“Modernl?atlon
Measures for ‘Steel and Coal. Mlnlng" and in February 1951 -submitted a
paper entitled “Methods of Modern121ng Japanese Industry", enphasizing
the 1mportance of accumulating capital stock.: In’ order to- dncrease
the supply. of funds. to industry, the Council proposed a-revision in
the tax law, utilization of Government funds and development. of the
securities markeb., The Council put stress:on electric power develop-
ment, shipbuilding;.and modernizatioh of steel and coal industries..

While = Japan was engaglng .iﬁg modernization  of these basic
1ndustries, the Korean War broke out and its war—prompted demarid made
expansion of Japanese mining and 1ndustr1al production, - It became
apparent that bas;c industries were too underdeveloped .for the:' smooth
expansion ,of ~mining . and lndustrlal output.- : Consequently,- the
Government - responded - to the proposals of ~the Council’ and’ adopted: a
.series.of measures to modernize . these basic 1ndustr1es. ~Through those
steps, ' the Japanese Governwent. aimed to .increase exporte and upgrade
industry-as a whole. :

The two maln modelnlzatlon measures were preferentlal ‘tax treat-
ment ‘and ‘Government funded. . programs- for promotlng medernization
investment -and capital stock. Preferentlal treatment :in the tax law

was initiated in F¥1950 ahd'exPanded by the_Enterprlse Ratlonallzatlon
Promotion Law enacted in March'1952, = Tax preferences were aimed at
increasing'capitalfstock directly'or indireetly,,such'as:

(a) Ra- appralsal of agsets. (1st appralsal in- 1950,. 2nd in 1951-52,
3rd in 1954-55) ' -

(b} Corporate accounting preference such as’ tax—free reserves for
‘special repajirs -and uncollected: credits (1950~53) _

{c) Spec1a1 tax exemptlons and deductions, such as tax exemptions on
‘income’ from strateglc products such as synthetlc flbers and tax
deductions on income from exports :

(d) special  depreciation schemes, including spe01a1 deprec1atlon on
modern maohinery :

- The Government also increased investment ‘and financing activities
of - the. Japan Development Bank. to- stimulate corporate investment. whi.ch
was establlshed in- 1951 as the Government s principal’ orqanlzatlon in
supplylnq equlpment funds to 1ndustry._ Government collateral funds
and. Japan Development Bank's funds were poured 1nto “the private sec-
tor, partlcularly the: four strategic industries, - Power and -shipbuild-
ing 1ndustr1es were able to borrow funds :at preferentially lowered .
interest rates and forelgn currency loans ‘of the Bank of Japan were
ugsed to aid the steel 1ndustry in 1mport1ng equlpment. : '

94



{4).Introduction”of foreign capital and technology

oo Aleng with-preferential tax . treatment and allocation. of Govern-
.meht”fundej the introduction of foreign capital and technology also
.p'layéd' an ;Lrnportant role in, the modernization and. technological

development .of . Japanese 1ndustry.. Japan's foreign capital introduc-

tion pOllClEb were -hased on .the Law Concernlng- Foreign Investment
legislated  in May 1950.- . The . purposes of the Law Concerning Foreign

Investment were- appreval of foreign capital considered heneficial for

development of the Japanese economy and improvement of the Mation'

. 1nternatlonal balance of payments, assurance of profit remittance as a
result of' foreign. capital’ dintroduction and creation of a favorable
~.environment for :dnbound lnvestment through approprlate measures which

protect 1nveetment from abroad. . .

- Foreign capital introduced ‘by. Japanese. companies from FY1950 to
1961 totaled $1,536 million and was brought in largely by electric
power, gas} _metal, transportatlon and telecommunication, and oil
refining. . Most of them came to Japan: in - the form of loans, As for
introduction of . teéchnology, machinery and chemical industries- played
leading roles. “Number  of . approved contracts for: introduction of
foreign technologies from FY1949 to FY1961 was 1,670 of which the
machlnery industry had the share of 54% and the chemical 1ndustry had
216. : : L

In 1951, an .impert duty exemption scheme for "important" machi-
nery'waS'introdueed:as'a result of a revision of the Customs Tariff
Law. . Under .this Law, duty-free importation wasg permitted for, first,
new'or'highﬁperformanee industrial machinery difficult to be produced
in Japah”and, second,:thOSe machinery beneficial to the achievement of
self=sufficiency. ..in  Japan's  economy. - Other programs aimed at
improving the national- technological standard, such as tax incentives
and research and development Subsldles by the Government and loans by
the Japan Development Bank.

1-2-2 Hi'gh-'cfowth Period. (1960s)

_ The 19605 for Japan was'characterlzed as a decade of remarkable
econamic growth and- economic -liberalization through freer trade and

capital resultlng from de— —regulation, The main objective of dindustrial
policy during this period was to strengthen industry's international

competitiveness  in order tofovereome international balance of payments
constraints on economi¢ growth and catch up with the developed nations
quickly as. possible,' As. far' as policy . measures are concerned, this
decade witnessed a transition from direct_and regulatory way to indirect
and ‘indicative way. - Strong economic growth achieved by the private sec-
tor Was.one of;the backgrounds of this transition,

: It ‘was: con51dered that, soc1al capltal such as roads, harbhors,
1ndustr1al use water supply, wae underdeveloped relative -to productive
capltal, resultlng in ‘bottleneck for the overall economic growth.
Therefore: the development of social capital was set as one of the
government basic tasks for the realization of high economic growth,
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Also for "upgrading industrial structures” and. "narrowing structural
gaps between large. and small enterprises", the Goverhment projected
assertive policies in which it defined its role as that of "providing
the private sector with such . targets as would enable- the Government to
guide free industrial activity", -~ This was considered to be  the
beginning - of a . new, stronger approach of the Government toward an
industrial policy. ' :

(1) Promotion of heavy and chemical'inaustriés

Promotlon of heavy and - chem:cal 1ndustrles was accelerated ln
1955, in- response to .a number -of. 1aws ‘and .cabinet declslons aimed at
bolstering the. automoblle, petlochemlcal, “industrial’ nachinary and
electronic machinery industries. . However, at that t1me,3it was’ uncer—
tain whether induétfynbyuindustfy programs would be sufficient. to
build a Japdnesc ecConomy. capable to competing in the international
market. :

The Govéfnment's'general'approach to industrial: policy was o
avoid direct intervention in prlvate indugstrial” activity but provxde

guidance by setting oveLall 1ndustry—w1de ~goals., - For  strategic:

industries, however, the,Governmeﬁt?prdvidEd mech " stronger. protective
programs, encouraging thé Piet to legislate ‘accordingly, = Laws were
designed to strengthen specific industries and included the 1956 Law
on Temporary Mé&éures for Machinery Indusfries ‘and the 1957 Law on
Pemporary Measures. for Eleé¢tronic Industries.. Both laws were designed
to modernize machinery industries through improved production systems
and accumulated capital and technologY"among'component manufacturers,

The Machinery Industries Law, initially legislated as ‘a temporary
(five years) "law and later extended by flve ‘years,; contained the
rfollowlng programs* i i : :

(a). Formulation of basic modefnization plans and working plans: The
Government was authorized to. formulate basic modernization plans
for 1ndustr1es specified by the Minister of Internatlonal Trade
and Industry, indicating five-year targets for product guality
and  production costs, - equipment required for modernization,
necegsary funds and schedules for scrapping old equipient, among

other ~programs. Modernization plans. were to be enforced
according to associated worklng plans drawn up annually by the
Government. :

{b) Acquisition .of funds: The Goverhment was required to collect
funds necessary for execution of working plans.

{c) Direction to cooperate. .The Minizter of Intérnational Trade and
Industry was empovwered to advise companies to carry. out joint
activities  considered necesgsary to achieve modernization doals
stated in basic modernlzatlon plans, unrestrained by the Anti-
Monopoly Law. : :

{d) Machinery Industries Council: Established for the deliberation
of  "important" matters concerning promotion ' of wmachinery
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industries.
(2) "vision of the 19608"

In December 1963 the Industrial Structure Courncil drew up and
pregsented the "Vision of the 1960s"." This was. the first time a sce-
nario was adopted as the guiding nucleus for specific programs to
modernize the Nation's industrial structure, setting a precedence for
the Government to devise an industrial structure "Vision" for future
decades. - ' '

n the;“Vlslon two criteria for a desired industrial structure
to attain higher economic growth were introduced: {a) "income elasti-
city crlterlon"_ focuging attention on the demand aspect, and {b)
"productivity - increase " rate criterion" focusing attention on the
supply aspect. - Applying these criteria the path of heavy and chemical
industries was chosen. as the most desirable.

in.its "vigion" -submitted to the Minister of International Trade
and Industry, the Industrlal Structure Council clearly envisaged Japan
as -a newly industrializing country and stressed the importance of
strengthenlng international competltlveness through improved economies
of scale. - The Council also proposed a wide range of future policies
including industrial organization policies - based on industry-
government cooperation,  new -‘industrial financing, stable supply of
basic commodities, and liberalized trade policies.

(3) Liberalization of trade and capital

. -Japan got membership of the General Agreement on Tariffs and
Trade (GATT) in September. 1955. The Japanese Government on ‘June 24,
1960 announced the “"Foreign Exchange and Trade Liberalization Plan,”
aimed at raising the rate of trade liberalization from 41% to 80% in
three .years, to make current foreign exchange transactions free in
principal within two 'years, and gradually abate restrictions on capi-
tal transactions., The trade liberalization schedule was soon advanced
at the request of the IMF and other international ovrganizations, and
the rate -of  trade liberalization jumped to the 88% level by October
1962 (see Table III-1- 5).

Japan wasg accepted as .a membef nation by the International
Monetary Fund (IMF} in May 1952, . And in April 1964 it joined Article
VIII nations in the IMF, thus obligated not to control payments and
money flow involved in current international transactions due to the
balance of payment reasons. As ‘a result, Japan put an end to its
Foreign Exchange Budget System which had been introduced in 1950 aimed
to restrict Fforeign exchange activities. At the same time, Japan
joined +the Organization for Economic Cooperation and Development
{OECD), thereby -~ signing the ‘“capital movement 1liberalization
agreement” and "invisible trade liberalization agreement."” As .a
result, Japan pushed ahead with liberalization programs for incoming
foreign direct investment.
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Table III-1-5

Progress of Japan's Trade Liberalization

Note:

Numbers. in parentheses exclude items not reguired to
liberalized under GATT,

l_ibr;:l?:;iged N?en?';::ﬁzgs : lef;:;i?;g;_on : Mgiér liberalized items
_ | items : _ SR
Apr. 60| 586 - 41 Coffee bean, niékxé!'ore
july '60 6t - 42 Precious stone, phihalic
o : anhydride’
Oct. . 60 481 - 44 Cocoa bean, zinc ore
Apr. ‘61 | 660 - 62 Textile raw materials, radio,
. sewing machine _
July 61| 112 - 65 Soy bean, instant coffee
Oct. '61 { 500 - - 68 Silver, watch, titanium
Dec. '61 170 — 70 Stahﬂessé;éﬂ,épbarm
Change of system to list non-liberalized itcms. _ '
Apr. '62 8 497 (466) 73 Coconutod spemanyswei 
. o . L socks : :
Qct. '62 230 262 {232) 88 Crude oil, nnuton:aw:ﬂk,
. ; PRERE pearl.
Nov. '67 3 254 (224) 38 Sweater, safety razor
Apr. '63 25 229 {197) 89 ‘Banana, copper ingot
June 63 2 227 (193) 89 Accordion, felthat
Aug. '63 35 192 {i55) 92 Sugar, battery
Jan. '64 3 189 (152) 92 Kaoliang, lavan
Feb. 64 7 182 (145) 92 1 Lead, zinc: _
Apr. 64 8 174. {136) 93 1 Color television, naphtha
May ‘64| — | 174 (136) 93 - Lemon
Oct. '64 12 162 (123} 93 Gin, cotton yarn, tractor
" Source: JETRO, Japan's'Postﬁar Industrial Policy, 1985. (Original
Source: Customs and -Tariff Bureau, Ministry of Finance)

; The first steps towards 'Capital liberalization were taken in July

1967 and almost complete Iliberalization was effected by 1973

Table IIT-1-6),
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