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Inaugural Address

KEN ICHH HAYASTHI
Director General
National Institute of Agrobiological Resources

Distinguished Guests and Participants,

On hehalt of the Workshop Organizing Comrittee of the National Institute of Agrobiol-
ogical Resources and other related institations, | have the honour and privilege to open the
International Workshop on Crop Genetie Resources of East Asia. Itis also my great pleasure
to extend the most sincere greetings and best wishes 1o all the distinguished guests and
participants in this International Workshop, In particular T would like to extend a cordial
weleome 1o the participants who have come over o Japan from abroad.

The present Workshop has been sponsored by three organizations: the International Board
for Plamt Genetie Resources, the Ministry of Foreign Affairs and the Ministry of Agriculture,
Forestry and Fisheries ol the Government of Japan.

Eparticularly would like to take this opportunity to express my deepest appreciation to the
Directorof the IBPGR. D J. T, Williams, for his thoughtful consideration in sponsoring this
International Workshop. [have to express sincere thanks also to some important members
of the IBPGR. including Dr i Kikuchi. professor of University of Tsukuba and a member
of the Board of Trustees of the IBPGR, DrJ. L. Creech, Senior IBPGR Advisor and Ir D, H.
vin Sloten, Head, IRPGR Field Programme, for their constructive advice and collaboration
in drafting and completing the detailed program of this Workshop. It is really a very good
experience for us and particularly for the Symposiom Oreanizing Committee to have Dr S.
suzuki, Genetic Resources Coordinatorof the NIAR as Organizing Secretary  to put forward
all the necessary arrangements and activities from the initial step which was more than one
yearago to this final stage. We are now very happy to share with all of you the pleasure of
having the opening ceremony of this Workshop this morning.

Despite the presently recorded food surplus, the long-term prospect for food production
may not be bright in view of the ever-inereasing population growth particularly in the
developing countries. Even in the developed countries the application of the conventional
agricultural technologies may not guarantee any further upgrading of agricultural produc-
tion. The agricultural conditions have been changing adversely due to many negative factors
including urbanization and environmental deterioration. Under these circumstances it is
quite natural that society expects agricultural scientists to develop new technologies that
shoutd bring a new breakthrough in agriculture.

The National Institute of Agrobiological Resources (NTAR) was founded in 1983 with
objectives to develop pioneering and basic researches on preservation, development and
utilization of biological resources inagriculture. Its research arcas include genetic resources,
applied physiology and cell and molecular biology. In 1986, the Genetic Resources Center.,
composed of a Genetie Resources Coordinator, two research Departments and one admin-
istrative Division was established in NIAR to reorganize and strengthen the activities on
genetie resources. The Center aims at the collection, evaluation and preservation of plant,
microorganism and animal genetic resources and at promoting related research fields.
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The collaboration of NIAR through the activities of this Center with IBPGR involves
several aspects, We are part of the international network of the IBPGR base collections and
tahe the responsibihity for long-terny preservation of the genetic resources of about ten crop
pliants designated to Japan. Organizing the international group training course on genetic
resources is another aspectof this colfaboration. This particular training course was proposed
originally by IBFGR and has been funded by the JICA (Japan International Cooperation
Agencyisinee 19820 contributing to obtain basic knowledge and technologies on genetic
resources for many scientists i Asia, Middle Easto Africa and South America.

Today. unlike before. the importance of genetic resourees is widely and well understood.
Itis true that genetic resources are the carrier of genes encoding all the genetic traits that have
been accumulatea over a period of several bithion vears. At the same time., genetic resourees
supply the genetic vartation usetul for crop improvement through breeding, including bio-
technotogy. [n this connection, the present Workshop is very timely. focusing on the use of
genetic resources m crop improvement and also onidentitving future problems in East Asia
and neighbouring regions where the concerted eiforts of scientists are really neeaded.

[ sincerely hope that the present Workshop will be sucessful and useful tor further
promoting dctivities on genetic resources through our respective countries. D also hope that
our friendship and cooperation will be turther strengthened through our joint effort in
reaching this common target of immense importance. Also, please let me hope that your stay
during the Workshop at Tsukuba will be fruitful and enjoyable.

Thank you very much.



Welcome Address |

FTOSHIHIKO NISHIO
Deputy Director-General, Research Councit Secretariat, MAFF.

Distinguished Guests and Participants,

Onbehalf of the Ministry of Agriculture, Forestry and Fisheries, I would like to say a few
words on the occaston of the opening ceremony of the IBPGR International Workshop on
Crop Genetie Resources of ast Asia.

First ot alll it is o grean pleasure for us that the International Waorkshop is held here in
Tsukuba Science City under the great efforts of the authorities concerned. and 1 sincerely
welcome all participants. including experts from 1 foreign countries and three interational
organizations. and experts tfrom related rescarch institutes and universities in this country.

This Workshop is designed to strengthen various research activities in the field of the
atilization of genetic resources in East Asia. reflecting the results of the IBPGR SYMmposium
i 1980 which was also held in Tsukuba, Sinee it seems to be o most timely Workshop. our
ministry decided to cooperate by promaoting the participation of the related researchers in the
Ministry. Talso hope that regional cooperative activities will he further promoted through the
success ol this Workshop.

Onthisoccasion would like to explain some research activities in this field. The Ministry
ts mthe process of developing new advanced technologies such as hiotechnology inorderto
make rapid progress in the agriculture, forestry and fisheries. and food industries. In the
course of this development. we are placing emphasis on securing genetic resources, and
established in 1985 4 comprehensive system for genetic resources calied the “Agriculture,
Forestry and Fisheries Genebank ™, which involves areally extensive network for collecting,
preserving and evaluating genetic resources such as agricultural plants and animals, micro-
organisms, torest trees and marine organisms for more efficient utilization. And from this
year. we initiated a project on the breeding of new. cpoch-making varicties using that
genebank together with the advanced biotechnologies. The Ministry intends to coptribute to
international cooperation on plant genetic resources through the above rescarch activity.

We fully understand that itis important for many countries and international organizations
to work together and exchange information in order to deepen mutual understanding of the
subject. We hope that the Workshop will get fruitful cesults through active discussions by the
participants and that further cooperation between countries and international organizations
willbe developed in the ficld of training and the developinent of related technologies on crop
genetic resourees.,

Thank you.
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Welcome Address 2

TADASHI FUNTA
Director. Malulateral Cooperation Division,
Feonomic Cooperanon Bureau, MOFA,

Ladies and Gentlemen,

On the occaston of the Tnternational Workshop on Crop Genetic Resources of East Asia.
Fwould like to express my hearty welcome to the distinguished representatives of the Asian
Region and Intemational Agriculiural Research Centers, and extend nmy sincere respects to
Dr LT Willims, Director ol IBPGR and the members of the Japan Organizing Committee.
who have made every ettort 1o realize the holding of this seminar,

Fistotalloallow me o give briefly an outline of CGIAR and IBPGR. The Government
ol Japan gives its support 1o the CGIAR in view of il significant efforts 1o increase food
production and strengthen International Agriculiural Rescarch Centers in the devetoping
countries. IBPGR . established by CGIAR in 1974, plays an important role in promoting ;.nd
coordinatimg an international network of genetic resources centres 1o further the collection,
conservation. documentation. evalution and use of plant germplasm and thereby contributes
to raising the standard of Hiving and wellare of people throughout the world,

In this contextthe Government of Japan i been contributing to IBPGR financially and
technically,

Letme recalt the recommendation by the ASCA Seminar held in November, 1985, which
states:

“Forages past.mankind has profound relationships with so many plant species on the carth
for the necessities of lile. ie. food, clothing, housing, fuel, medicine and so on. The rapid
progress i life sciences in recent years has opened new horizons for exploitation and
utilization of plant genetic resources in our socio-cconomic activitics. including health and
weltare.medicine. agriculture, forestry . fisheries. manulacturing, energy and environmental
conservation.”

[tis significant in this context that this Workshop is being held with so many distiguished
participants from the region and the International Agricultural Rescarch Centers.

I'sincerely hope that fruitful results will be produced through the four-day discussions by
the distinguished participants, and that the collaborative research network of the IBPGR in
the ficlds of crop genetic resources will be further promoted both regionally and globally.

Thank you,



KEYNOTE ADDRESS

Recent changes in emphasis in international genetic resources
work

LT WILLIAMS
Dhurector, IBPGR

IBPGR was established by the Consualtative Group on International Agricultural Research
(CGIARY i 1974 Tis initial task was to promote a global network of genetic resources centres
to ensare that the genetic diversity of important food crops and other economic species was
adequately collected and satisfactorily conserved. evaluated and documented. This material
was 1o he made wvailable o all hona fide scientists.

Stnce 19SS at the request of our donors, the mandate has been interpreted somewhat
differently to include research and this has necessitated actotal restrecturing of the IBPGR
organzation. The changes however, have been gradual and many represent changes in
emphasisin practical work, Inthe carlier years IBPGR established atist of priority crops and
i the firstten years of its operation. IBPGR made significant progress in establishing major
germplasm collections. Tt had stimulated the establishment of international, regional and
nattonal activities and programs. and continues to place high priority on building and
strengthening a network of centres in all parts of the world.

Onesignificantchange hesbeena gradual move away from major emphasis ona “regional®
approach. IBPGR has come to emphasize work on crops over the development of regional
mirastructures, once acertain level of support has been reached. IBPGR recognizes therefore
thatitmast look primarily to international and national programs as the essential operational
units. with the exception of a few regional centres set up with more assured financing by
donors,

Regional cooperation is stimulated and becomes especially useful in, for instance,
obtaining agreement on arrangementis for regional long-term storage of collections of some
crops. i organizing regional training courses and in promoting cooperation among the
national scientists of a particular region.

IBPGRs task has always been 1o initiate the urgent action needed to develop a viable
«'Inh|Iml\\mknmunnm butnottoactas atechnical assistance agency per se. By worl\m;:
i this way IBPGR has been able to initiate and catalyze crop genetic resources work in
several scores of countries and. in one way or another, has liaison with about 110 countries.
Orthese. about S0 national programs have emerged inrecent years. The cmphasis of IBPGR
is to help developing countries integrate their activities on a scientific level and readily
transfer to them technology on any aspect of collecting, conservation. documentation, and
description and use of primitive forms of germplasm. In @ number of high priority staple
crops, the other international centres of the CGIAR play an important role in the overall
network,

Letus recall that, when IBPGR was founded. the major concern about the loss of primitive
forms was for the cereals suchas rice, wheat. maize, sorghum and millets, and barley because
of the recent successes in breeding and the modernization of agricubture which were ¢ causing
widespread genetic erosion. In less than a decade such erosion was to be found in all other
crop groupings, whether food legumes, fruits, vegetables or forages. Hence the priorities for
action on crops were expanded rapidly and IBPGR had 1o initiate work on a very wide range
of materials,

The first task was a wide-ranging collecting progran 10 conserve landraces from arcas of
traditional agriculture and more recently to include related wild species so that the represen-
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tation in collection was from the wider genepool of the individual crop. This aspect alone led
1o the need 1o chart a new course of action and to initiate much-needed back-up research.

I am delighted to address this workshop and to listen to the progress that has been made
since the first IBPGR workshop charted a course for collaborative action 7 years ago for East
Astaand the Pacitic. We shall also hear of the progress made since five nations ol Southeast
Asia asked IBPGR for help ininitiating a cooperative program. We shatl all be involved in
looking to the future to see how wider cooperation might be sustained.

This is an opportunity to review progress and identify gaps in ongoing work. It is also an
opportunity for scicntists 1o eachange information and 1 can assure you of the dedication of
IBPGR 1o assist in whatever way possible. Inoorder for you to see the multi-dimensional
aspects of the IBPGR netwaork [ wish to outline the structure of our glebal program,

IBPGR program framework
IBPGR'S program structure has a number of major functional program clements. These
include:
Global Genetic Resources Network
Germplasm Acquisition
Germplasm Characterization and Evaluation
Training
In vitro Culture Research
Genetic Diversity Research
Seed Conservation Research.

This structure has developed because of a series of shifts in activities. For instance there
has been achange of emphasis from widespread generalized collecting to selective purposive
collecting to fill gaps in existing collections. More attention is now being given to ecogeo-
graphical surveys and species mapping and the collection of wild relatives of crops.

IBPGR is actively promaoting germplasm characterization of previously collected
germplasm and henee the betier use of genetic resources. Tt is also placing greater emphasis
on bringing internationally agreed scientific standards into the conservation of germplasm to
ensure its safety in the base collections. Another change is that much more attention is being
given toactive collections linked functionally to base collections and this presents a number
of conceptual problems which have not been fully addressed hitherto.

There are also a number of research challenges that IBPGR has identified and it is naking
efforts to meet these, as well as to Lay a basis for accommodating any developments that will
oceur in the immediate future. For instance. IBPGR is actively supporting rescarch into
techniques of in vitro conservation and on the maintenance of genetic integrity during storage
and regeneration of seed or cultures. Disease indexing to facilitate quarantine and germplasm
exchange needs further consideration. and research will include investigations into non-
destructive disease indexing methods. In the fast-moving arca of molecular biotogy. IBPGR
is closely monitoring developments and incorporating new technigues into its rescarch.

To achieve its strategic research objectives IBPGR provides funds for contract rescarch
largely onacompetitive basis. organizes workshops of specialists and produces publications
so that appropriate research results are effectively transferred to the germplasm community.

The IBPGR program is organized in two sections, the Field Programme and the Research
Programme, both serviced by headquarters and a number of staff located in various parts of
the world. By far the largest number of statf serve the Field Programme because a substantial
part of IBPRG's resources has been and continues to be devoted to strengthening national
programs of developing countries which are carrying out, or are willing to carry out,
collecting, conservation, documentation, training or other activitics which IBPGR considers
of a priority character.
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IBPGR s strategy with regard to support to national programs of developing countries is
toprovide a package ofappropriate advice and assistance. Morcover. the assistance is tailored
to the reguirements ot cach country depending on the strength of the national programs and
the physical facilities and expertise available. The priorities of IBPGR play a major role in
euiding the Field Programme. With adimited budget IBPGR cannot respond to all individual
and localized needs. many must be national or bilateral responsibilities.

GLOBAL GENETIC RESOURCES NFIWORK

The primary aim ol IBPGR has been 1o establish and develop a network. This global
network has threads ot influence extending to plant breeding organizations, genebanks and
university departments. At the moment there is a network of IBPGR-designated base
collections of specified material, linked together by the actual or planned duplication of the
germplasnnas an insurance against loss. Interlocking institutional arrangements and opera-
tional strategies function together to conserve and make available germplasm.

Buse collections

B8y the end of 1987, IBPGR-designated base collection of seeds will have been expanded
to include tropical and subtropical priority forage legumes and grasses. As many as 37
institutes in 29 countries are now involved. at least half of them in developing countries. All
the major cereals, food legumes. root crops and vegetables are covered. For example,
designated Astan collections of barley, maize, japonica rice and soyabean are held here in
Tsukuba. and there are other designated collections, in among other places, Japan, Thailand,
the Philippines and China.

Active collections

Active collections hold seed or vegetative materials under medium-term storage condi-
tions for current use. These collections undertake regeneration and evaluate, mutiply and
distribute the material. Where the base collection is held separately from any active
collection, IBPGR's strategy is for the designated centre o hold the base collection and to
enter into collaborative arrangements with one or more centres holding active collections of
the crops and which undertake functions of medium-term storage. In the case of many crops
these essential links remain to be established or to be fully worked out.

Data management and transfer

IBPGR is providing advice, operating standards, hardware and software to national
programs for documentation activities, especially on specific crops. A major effort will be
directed towards the development and/or strengthening of the systems of management of
collections, in addition to establishing data bases for passport and characterization informa-
tion and the merging of data from national programs into central crop data bases.

GERMPLASM ACQUISITION

The collecting program of IBPGR currently concentrates on crops and arcas where there
are real threats of genetic erosion. For cultivated materials which have already been
extensively collected for most major crops, the intention is to concentrate on selective
collecting to fill gaps in collections and improve their representative variability.

However, for many wild species we lack information on distribution, times of flowering
and seeding and so we have had to initiate lengthy preparatory research using herbaria. Such
research is ongoing for okra, Vigna, Aurantioid relatives of Citrus, wild Allium and some
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groups of the Triticedae. A study on Mangifera species was finished in 1985, and is now being
translated into field work in Kalimantan, Sumatra and Sabah.

[ parallel with such research, IBPGR staft are developing briefing lists for field workers,
including practicable and comprehensive Reys ror identification.

All colfected materials are distributed to genebanks tor conservation. IBPGR has found it
necessary to fund a small Germplasm Distribution Unit at Kew. UK, which cleans and dries
material from Adrica and adjacent arcas, tests viability and sends sealed samples ready for
deposition in genebanks of national and international centres. This work will continue until
national centres have adequate facilities. IBPGR s also estabhishing a similar unit in the
University of Singapore i 1988 to perform similar tasks for Asian coutries.,

GHERMPLASM CHARACTERIZATION AND EVALUATION

IBPGR has for many years developed descriptor lists for most of the major crops and a
number of minor crops. In paraliel. IBPGR provides technical advice and help to genetic
resources centres. tor the orgamzation of their data on collections. However, this is slow
because only a small portion of the germplasm collected so far has been characterized and
evaluated. Tt imvolves the growing out and data capture of samples, and we have found the
need to establish centralized crop data bases as essential to the wide community of users.

IBPGR ™S support for datiebases covers a wide front. Apart from continuing to support the
assembling and ordering of passport and descriptive information on existing collections,
there s the need to fill gaps in data for older significant collections and cross- refeiencing to
gcographical and chimatic data bases. Such work will facilitate the value of information to
seientists, breeders and other germplasm centres,

TrAINING

IBPGR has always supported training activities. [tis essential to ensure the availability of
technically skilled personnel to carry out genetic resources work effectively in the global
network. The Board's training program has gone a long way in providing manpower for
national, regional and international organizattons. However, there is still a shortage in most
of the developing countries and continued emphasis on training is required.

There are four subprograms: postgraduate courses., specialized short training courses,
individual training programs. and intern fellowships.

IBPGR support to training had a major impact on the rate of development of programs in
Southeast and East Asia. The more generalized training will eventually be phased out. We
shall continue to work with colleagues in the regions to foster the introduction of genetic
resource into reated degree structures. This has already happened in Indonesia, Thailand and
the Philippines. Atthe same time. training activities of International Centers such as IRRTand
in Japan supplement our efforts.

I\ VITRO CULTURE RESEARCH

IBPGR has taken a lead ininitiating i vitro research as it is an area full of potential. for
the maintenance of clones ot interest to breeders and for wider vegetatively propagated
materials of crops like sweet potato, cassava, aroids, together with cocoa, coconut, banana
and other fruits.

Invitro active genebanks will contain cultures under conditions of slow growth and in vitro
hase genebanks will contain cultures under cryopreservation. Both systems must be linked
through multiplication cycles which involve subculturing and monitoring for genetic
stability.
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In the past 23 vears, IBPGR has developed the basic principles for the design and
operation of i vitro genebanks. and a pilot active o viro genebank is currently under test.
Matenals culiured i viero muostrepresentas wide a range of genoty pes as possible and most
culture protocols developed for purposes other than conservation need to be researched.

There has been one practical spin-oft from the s viia work. Cost eftective methods of
germplasm collection iy the field of some crops would be greatly enhanced if in vitro
technigues were used. IBPGR developed such atechnique in 1984 83, using simple. rather
than sophisticated, technology . Sofar this has been tested tor cacao. wild cotton and cassava
and is being developed inother species such as tropical grasses. Another technigue has been
developed tor coconut and will be implemented by national programs in Southeast Asia,

Al materials accessed tmto o viero collections need 10 be indeved and cleaned 1o prevent
the spread of disease. This is obviously important and IBPGR will be iny esting time and
resources in sponsoring research. One such project has already started. AVRDC is at the
moment culturing the meristem tips of sweet potato collected in Asia and the Pacific and
mdesing them for viruses.

Thereare virtually no good scientific data on genetic stability of in vitro cultures. In 1986,
the Board initiated projects to examine the stability of cultures in storage under both slow
growth and cryopreservation. It is expected that these will be completed in 1988-89, but
turther research is expected to be necessary.,

GENFTIC DIVERSITY RESEARCH

Many of the past projects of IBPGR have led to further research on materials collected and
tothe clarification of species relationships and evolutionary pathways. IBPGR recognizes an
urgent need to inerease its role in this area because of its emphasis on broadening the
genepoolsin collections with representative samples of related wild species. However, the
saientilic knowledge base is still slender in many groups of crops of priority to IBPGR and
to breeders. Fora large number of priority wild species. the limits of distributional arcas are
uncertain and flowering and seeding times are unknown. In erder 1o promote effective field
work, rescarch needs to be carried out.

In refation to wild species and forages in particular, ecological data are needed in the
passport data files.

Ixozvnie analvsis

Patterns of genetic diversity can be analyzed by isozyme analytical studies in restriction
fragment length polymorphism analysis and correlations with ccogeographic distribution
patierns sought with morphological and genetic character combinations.

SEED CONSERVATION RESEARCH

During the past decade the Board's research on seed conservation has focused on basic
ivestigations on seed physiology and practical methods of handling seed in genebanks. The
rescarch supported has resulted in both conceptual and technical recommendations for seed
conservation. Some of the techniques developed include a new concept of seed drying: the
tse of extra-low moisture contents and ambient temperatures for long-term storage: the
modification of the equation quantifying seed deterioration: and the sequential testing
niethod formonitoring seed viability. The Board's work has resulted in the publication of two
benchmark manuals for seed conservation and handling.

Rescarch on seed conservation will be expanded on seed dormancy. regeneration tech-
nigues. methods for disease indexing and plant health for seed exchange.

[thas now emerged from research that for recaleitrant seeded species embryo storage will
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probably be the preferred conservation method but more basic research still needs to be done.
Furthermore, inrelation toseed storage. changes at the subeellular level which lead to gencetic
deterioration in stored seed. especially during low-temperature storage. are impertectly
understood and research is needed in this area also. IBPGR will be stimulating such research.

Dormancy

Seed dormancy is a problem in gencbanks as it interferes with germination tests. Dor—
mancy is more common in wild materials, in particular amongst the forages. IBPGR will be
supporting rescarch on seed dormancey to develop improved iechnigues forovercoming these
problems.

Muintaining genetic integrity is essential during regeneration of germplasm samples,
especially i cross-poltination crops. The process involves an understanding of breeding
systems and pollination mechanisms of the crop species and their wild relatives. IBPGR
intends to carry out investigations which will lead to pragmatic guidelines for isolation and
pollination control.

Conclusions

IBPGR operates on a global scale. However, Asia and the Pacific contain some of the
world’s most important crop genetic diversity. Collecting and conserving these resources
remains critical. and IBPGR is committed to accomplishing these tasks. To back tiese
activities, as Thave said, IBPGR is urging more advanced arcas of strategic research. Much
of this research will be directly relevant to the particular problems of” Asia and the Pacific,
and IBPGR is determined to see solutions that are approriate to local conditions coming out
of the projects.  Thope that this outline of our international interests and activities has given
yousome idea of the current direction of IBPGR s programs and updates what we presented
7 years ago. This conference will be reporting much progress and will be presenting an
enormous amount of new and valuable information. Let us continue to work together,
develop new understandings and devise fresh approaches to much-needed plant genetic
resources work.,
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CHAPTER |

Recent development of research on crop germplasm
resources  in China

DONG YUSHEN

[tis well-known that Chinais very rich in crop germplasm resources. In the recent years, due
to the greatimportance attached by government to crop germplasm, great progress has been
made in the studies of crop germplasm resources in China.

In 1978, the Institute of Crop Germplasm Resources (ICGR) of the Chinese Academy of
Agriculural Sciences (CAAS) was established. From 1979 1o 1985, several research pro-
grams for the exploration and collection of nationwide crop germplasm resources were
fulfilled. and anational genebank for fong-term storage as weli as other provineial genebanks
for the medium-term storage were founded at same time. Rescarch works on identitication
and evaluation of certain crops have been started. And a preliminary nationwide network for
cooperative rescarch of crop germplasm resources has been established.

The system of crop germplasm resources studies in China

In China. the research works on collection, conservation and identification of crop
germplasm resources are mainly carried out by the National Academy (CAAS) and other
provincial academies ol agricultural sciences. ICGR s in charge of unified coordination of
nattonwide crop germplasmresearch programs. Research departments of germplasm in other
institutes of CAAS bei the responsibility for performing national programs for related crop
research. The academics of agricultural sciences in cach provinee, city and autonomous
region have their own institutes (or departments) of crop germplasm resources, which are
responsible tor pertorming their own provineial research projects. The main tasks of cach
research unit are listed below,

Insrreere o Cror GERMPLASM RESOURCES (CAAS)

This Institute is responsible for

(1) Organization and performance of nationwide key research programs;

(2) Exchange of crop sermplasm resources with foreign countries:

(3) Long-term storage of crop (propagated from seed) germplasm for the whole country:

() Collection, identification and evaluation of grain crops and grain legume germplasm,
mediurn-term storage of this crop germplasm from some provinces and abroad.

DEPARTMENTS OF GERMPLASM RESOURCES OF OTHER INSTITUTES IN CAAS

(1) Organization and supervision of important research programs on related crop
germplasm resources;

(2) Medium-term storage of related crop germplasm from some provinces and abroad.

(3) Coliection, identification and evaluation of related crop germplasm.

INSTITUTES (OR DEPARTMENTS) OF CROP GERMPLASM RESOURCES IN PROVINCIAL ACADEMY OF

AGRICULTURAL SCIENCES (PAAS)

(1) Collection and medium-term storage of local crop germplasm resources;

(2) Fulfilment on research, identification and evaluation assigned by ICGR and other pro-
fessional institutes in CAAS;

3" 3w 13 e WVl B T‘.—w ,w,n
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(3 Fulfilment on provincial programs.

NATIONWIDE RESEARCH NETWORK

ICGR is linked with departments of germplasm resources of other institutes in CAAS by
providing gutdance and supervising the programs assigned. ICGR also provides guidance to
provincial germplasm rescarch units.

A nationwide cooperative research network in respect to crops is organized. There is a unit
responsible for cach crop as follows.

Rice ICGR and Chinese National Rice Research Institute, CAAS.
Wheat. Maize ICGR.

Millet ICGR.

Grain fegumes 1cGR

Sorghum ICGR ard Liaoning AAS.

Barley. Broad bean Qingliai AAS and Zhejiang AAS.

Oat. Buckwheat Inney Mongolia AAS.

Broomcorn millet  Shanxi AAS and Ekzhao League Institute of Agricultural Sciences,
Inner Mongolia Autonomic Region.

Sweet potato Xuzhou Prefectural Institute of Agricultural Sciences, Jiangsu
Province.

Potato Keshan Prefectural institute of Agricultural Sciences, Heilongjiang
Province.

Cotton Institute of Cotton, CAAS.

Oil crops Institute of Oil Crops, CAAS.

Bast-fibre Institute of Bast-fibre, CAAS.

Sugar beet Institute of Sugar Beet, CAAS.

Vegetable crops Institute of Vegetable Crops, CAAS.

Fruits Institute of Pomology. CAAS: Zhengzhou

Institute of Pomology, CAAS:; and
Institute of Citrus, CAAS.

Tea Institute of Tea, CAAS.
Mulberry Institute of Sericulture, CAAS.
Forage grasses Institute of Grassland, CAAS and

Institute of Animal Sciences, CAAS.
The units responsible accept rescarch projects from ICGR and fulfil them cooperatively
with related provincial units,

Collection of crop germplasm resources in China

Inthe pust years, two ways of collecting crop germplasm resources were adopted in China.
One was to rely on administrative forces to mobilize the masses to help with the collection.
The other was to organize exploration teams from rescarch institutes.

From 1979 10 1984, according to the instructions both from the Ministry of Agriculture,
Animal Husbandry and Fishery and State Science and Technology Commission, a popular-
ized and extensive collection of crop germplasm was performed throughout cach province
of China. It was called supplementary recollection, since there had been a similar collection
activity in the 1950s. About 100 000 accessions of germplasm. from more than 50 Kinds of
crops (including some duplications) were collected. And for recording agronomic characters
and multiplication, all the materials collected were planted in the fields of provincial
academics of agricultural sciences.

From 1979 to 1985, several large-scale activities of exploration and collection were



CROP GERNMPEASM RESOURCES RESEARCH N CHINA 17

pertormed. such as exploration and collection of crop germplasm resources in Yunnan and
Tibet nationwide exploration and collection of wild rice. wild soyabean. Chinese gooseherry
CAetinidia chinensisy and forage grass, as well as collection of apple and pear germplasm in
northwest. southwest and eastern China and of peach germplasm from northwest China,
There were also several collection programs at provinctal level such as collection of wild
Aindred plant i Ninjiang Autonomous regions. Totally. about S0 000 accessions of crop
cermplasm were collected. I the recent years. explorations and collections in Shennongjia
Mountains and Hainan Island have been undertaken. Meanwhile, programs financed by
IBPGR for the collection of sovabean and Triticeae have also been carried out.

Pshallnow give abriet introduction of exploration in Tibet. This program was performed
by ICGR and the Academy of Agricultural Science of Xizang (Tibet) Autonomous Region.
tntouryears the total distance of exploration was 248 000 Kilometres (accunulative), About
7000 accessions of seed samples and 14 000 of specimens of grain craps.oil crops, bust-fibre
plmts. vegetable crops, fruit trees, forage grass. eic. were collected, many of which are
valuable. for example:

Barlev

Barley is the main crop in Tibet: it was grown widely and had great diversity. According
io the collection of more than 3 000 accessions of cultivated varieties. three lypes viz.
Hordeumovulgare Lo H. distichon L., and H_ intermedinm Carlet, were found. Of which more
than 200 varieties were classified according to the traditional taxonomy. Most of the acces-
stons in the collection were naked barley. while the rest were hully barley. Wild barley is
distributed in a broad area whick was classified into two groups namely. 11, sporitaneum C.
Koch. and /1. agriocrithon Aberg. Wild barley could also be subdivided into two groups
according 1o the length of rachilla. Several types of barley collected have not been seen in
other parts of the world.

Wheat

Wheat takes second place in Tibet. About 2 500 accessions of cultivated varietics were
collected. Most of them were Triticum aestivim L., the rest were Tr. compactum Host., Tr,
trgidum L., Tr. durum Dest., Tr. polonicum L., and Tr. turanicum Jakubz. There was a
hexaploid wheat, with spikelets freely separated, which was named Tr. aestivim. ssp.
tibeticum by Professor Qiguan Shao.

Buckwheat

Buckwheat was distributed in abroad area, with great morphological and genetic diversity.
More than 200 accessions were collected, including Fagopyrum escidentum and F. tata-
ricum. as well as annual and perennial habitats of its wild species. It seems that Tibet was one
of the centres of origin of buckwheat.

Rape
A large area of wild rape (Brassica campestris, Brassica juncea) was found to be distrib-
uted on mountain slopes of altitudes from 3 200 to 4 000 m above sea level.

Bast-fibre plants

Cultivated species Cannabis sativa L., Linum usitatissimum L. and Boehmeria nivea (L)
Gaudich were collected. Wild hemp could be seen everywhere. Wild perennial flax was
distributed at an altitude of 3 500 m above sea level in Changdou.
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Fruir trees

Fruit trees in Tibet were characterized by their great diversity, aged trees and wild habitats.
Specimens collected included 181 species in 37 genera of 22 families,

The main cultivated fruit trees were walnut. peach. apple. pear. grape and pomegranate.

[n Zuogong county. a special smooth shell peach tree was found. which had a circumier-
ence of TO metres and was 1 150 vears old. Several grape and pomegranate trees more than
200 years old were also tound i the same county.

Inaword. there are greatvaricties of crops in Tibet and almostadl caltivated crops planted
inother places of China can be found in Tibet. Atpresent, the materials cotlected from Tibet
are being studied in several mstitutions.

Conservation of crop germplasm resources in China

Since 1980s, a batch ot modern genebanks has been established for the conservation of
crop germiplasm resources. With support from the Ministry of Agriculture. Animal Husban-
dry and Fishery. the National Gene Bank at [CGR was putinto use in 1985 in which a storage
ol'more than 30 000 accossions has been preserved at present. Another larger new National
Gene Bank.which was partly financed by the Rockefeller Foundation. was begun to be built
in 1984 and will be used in the near future. More detled information concerning conserva-
tion can he obtained from Professor Jiang Chao-Yu's chapter.

We plan to put 200 000 accessions into our Nattional Gene Bank before 1990, Some 50 000
accessions are required cach vear. Where does this large number of seeds come from? As
mentioned before, we have a nationwide co-research group for cach crop which is in charge
of compiling a seed catalogue and providing a national accession number after deleting the
duplications. Then, according to the seed regeneration schedule, each medium-term storage
provides seeds to the National Gene Bank.

Identification and evaluation

In China. most of the agronomic and morphological characters of crop germplasm
collected have been observed, and extensive evaluation of characters has being started. In
recent vears, evaluation of resistance to diseases, insects and stress conditions and quality
analysis have also been made. Now, [ shall cite some of the refated projects sponsored by our
Institute.

RESISTANCE TO FHREE DISEASES AND TWO INSECTS FOR FOREIGN VARIETIES OF RICE
From 1978 to 1984, evaluation of resistance to diseases viz., bacteria leaf blight, rice blast and
vellow dwarf, as well as 1o two insects namely, rice leaf-roller and brown plant hopper for
3 510 accessions of foreign varieties was carried out cooperatively by 15 research units in 12
provinces. cities and autonomous regions. It was found that there were 186 varicties of rice
resistant to blast, 161 varicties resistant to bacteria leaf blight, 39 accessions resistant to
vellow dwarf, 142 accessions resistant to brown plant hopper and 6 accessions resistant torice
feat-roller. About 130 000 records including all the above-mentioned data and 37 items of
agronomic character descriptions have been printed, and are available now.

COLb TOLERANCE OF RICE

From 1979 to 1985, about 2 700 accessions of rice were screened for cold tolerance at six
arowth stages i.c. seed germination, seedling, tillering stage, meiosis stage, flowering stage
and milky stage. Results and methods employed are listed in the following table:
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Test stage Number of cold- Temperature (°C)
tolerant varicties

Giermination 7 H
Seadhing 168 12and 8
Tillering 146 17
Meiosis 116 12
Iowering 201 15

ik 159

" Late sowing at different experiment stations

The following are elite cold tolerant varieties: Zhongxin 134 from Japan was cold tolerant
at five growth stages. Heixuan S from Yunnan could flower normally below 15 °C and Cer
21 from Zhejiang has high heritability of cold tolerance.

MILLET RESISEANCE TO BEAST

From 1980 10 1987, with the participation of 13 research units from 7 provinees, a total of
17962 accessions of millet was evaluated. The rsult showed thai 343 accessions of millet
wereresistantto blast, which was 1.99% of the total 2valuated accessions. The varicties highly
resistant to blast and with excellent comprehensive traits were Mingchuan Qinggu (from
Henan Provinee). Zhaonong 1 (from Inner Mangolia Autonomous Region) and Gongeu 6
(from Jilin Province).

EVALUATION OF WHEAT RESISTANCE TO RUS /. POWDERY MILDEW AND YELLOW DWARE

This projectis responsible to the Instiwute of Crop Plant Protection of CAAS. From 1983
to 1987, about 3 529 accessions of domestic wheat varieties and § 243 accessions of forcign
varieties as well as 717 accessions of wild kindred plants have been evaluated. By using
Chinese physiological races of pathogen. 5 nurseries with respect to strip rust, leaf rust, stem
rust. powdery mildew and yellow dw arf were set up. Several varieties resistant to rust were
isolated. Most of the Acgilops accessions were found to be resistant to powdery mildew,
while accessions from Agropyron and Leymus were found to be resistance to vellow dwarf.

Inthe near future. rescarch works on evaluation of resistance to diseases and pests as well
as tolerance to adverse conditions will be continued. Cytogenetic and biochemical studies
will be also undertaken. We appreciate cooperation with many experts and scientists from
all over the world in the field of research and evaluation of crop germplasm.



CHAPTER 2
Recent activities on genetic resources in Japan

S.SUZUKTAND SO WATANABE

The importance of genetic resources for the increase of agricultural production, and finally
for promoting human welfare, has been emphasized in Japan in recent years. Although it is
not casy to concentrate the funds and human power needed to raise activities concerning
genetic resources inashort time, some progress has been made in several aspects pertaining
to this subject in these years, A combined effort has been made 1o collect, preserve and
evaluate genetic resources by universitics. prefectural or municipal agencies private sectors
as well as by MAF! institutions. An increase in public understanding and interest on the
subjects has been helping greatly the recent move to stimulate this trend.

The MAFF system

In December 1986 the Genetie Resources Centre of MAFL, composed of 10 laboratories
in 2 departments. was established in NIAR, Tsukuba. The former Department of Genetic
Resources was reorganized and strengthened by a significant increase in stalfing. Depart-
ment I takes charge of rescarch problems on introduction, evaluation and information
management. Department ITis for preservation and its research problems. Subjects covered
include not only plant materials but also microorganisms and animal germplasm,

A 10-year plan of the MAFF Gene Bank Project started in 1983 to meet urgent demand for
introduction, preservation. evaluation and documentation of genetic resources among MAFF
research institutions. Itincludes plant, microorganism, animal. tree and fisheries organisms
as included in Table 1.

TABLE i The MAFF Genebank System,

;‘ Board for Council for genetic
f MAFF genebank resources
To be covered by new facilities 1 ' S
! | R =4 Center Bank - o e
! X
t ! S . I ,H_],,
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Confining the subject only o plants. NIAR s Genetic Resources Center is 1o serve as a
Center Bank. and is expected 1o play a uniting role in getting cooperation from the related
organizations shown in Table 2. A« for rescarch institutions. the National Agricultural
Research Centers S Regional Agricultural Experiment Stations, National Institute of Grass-
land Rescarch, Fruit Tree Research Station. National Research Institute ol Vegetables.
Ormamental Plants and - teas Sericultural Experiment Station and Tropical Agriculture
Rescarch Centerare cooperating as Sub-Banks coy cring theirspecific crop or regional levels
inrelation to evaluation of new materials, dey clopmentof breeding matertals, seed multipli-
cation and/or presersation and multiplication of vegetative ones. The National Center for
Seeds and Seedlings with its 13 Farm Stations throughout Japan and 3 National Livestock
Breeding Stations are also participating in the MAFE Gene Bank Projectin the evaluation,
seed muluplication and /or preservation and multiplication of vegetative plants,

Universities and Colleges and also the private sectors are cooperating with MAFI (o
ctticiently collect, preserve and utilize precious genetic resourees for the benefit of national
as well as international welfare,

Practical aspects of this project are oriented towards 12 subdivisions of Crop species or
groups, namely. rice. wheat/barley. potatoes, beans. miscellancous small erains/industrial
crops, forage crops, fruit trees. vegetables, ormamental plants. tea. mualberry and tropical
crops.

Twelve curators belonging to various rescarch institutions have heen appointed for cach
of these crop species or group in order to prepare proposals for exploration and collection,
long-term integrated evaluation and documentation scheme and for novel budgetal sugges-
tions or 1o review the status of preservation for the annual report,

Collection

Introduction and collection of genetic resources is a very important issue indeed forisland
countries especially for those with small and intensively developed land arcas like Japan.
Until recently introduction of genetic resources in Japan has been under spontancous
movements starting from initiatives of individual scientists. For example, collections of
wheat and its relatives at Kyoto University and that of barley at Okayama University are
world famous and important ones, but no major systematic multiple crop collections hoave
been reported.

Research has been going on'to help collection strategy. Classification and genetic analysis
of various characteristics on physiological and ccological ievels is opening a new horizon,
Examples are given clsewhere in this book.

Emphasis has been placed on the importance of collection in recent years, and followed
hy the initiative of the Resources Surveying Committee of the Science and Technics Agencey,
Prime Minister’s Office, a report on the available means for the acquisition of organisms for
gene resources was announced in 1984,

The worldwide trend of genetic erosion, in which biological resources are being lost by
social as well as environmental reasons, has been stressed and the srowing importance and
significant improvement in biological potentiality of new resources have been surveyed.
Priorities in collection of resources for the coming ycars have been discussed (see Table 3),

From the standpoint of rescarch and utilization value, plants and their wild relatives which
have potentialities to show characteristics corresponding to various research or industrial
purposes should be considered. While. froni the standpoint of sccuring latent genetic
resources, plants that have high potential for future utilization are 10 be examined.

Considering the above two points, the following standards must bz kept in mind when
coltlecting: 1) plants which are completely endangered and may be lost forever, 2) plants
which are distributed mainly in the arcas difficult to reach, 3) indigenous plants or those that
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TABLE 2

Cinrer Bank

« Collection

» Preservation of Seeds

* Preservation of Tissues
and Cells

» Munagement of Genetic Resources
and their Information

Domestic

Overseas

Plant genetic resources system in MAFF,

Sun BANKS

Research stations

Evaluation of New Materials
Determination of Breeding
Materials

Seed Multiplication
Preservation & Multiplication
of Vegetative Plants

National Center for Seeds & Seedlings
National Livestock Breeding Stations

Evaluation of Specified Materials
Seed Multiplication

Preservation & Multiplication

of Vegetative Plants

Universitics & Colleges

International Institutions
Universities & Colleges
Public & Private Res. Institutions

indicates flow of genetic resources

indicates flow of information on genetic resources

Private Companies
National & Public
Institutions
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TABLE 3 Priorities for Crop Introduction of Japan.

Standards 1

Research and utilization value

a. Organisms valuable for research and wtilized very frequently

h. Organisms suitable for utilization by agricultural, forestry, fisheries, manufacturing mining and other

industrics

¢ Organisms suitable for utilization for eavironment conservation and other public welfare purposes.
Securing latent genetic resources

A Organisms having high potential for future utilization
Standards 11

Organisms Lable to become extinet in near future

Organisms maldistributed, difficult 1o collect

Organisms indigenous to Japan or which have been developed domestically
Organisms not being utilized today but which were widely-used before

are domesticated especially in Japan, and 4) historically important but now almost abandoned
plants.

Breeding laboratories have been collecting materials formany years of course. We can cite
two examples of systematic internal collection: the local rice strain collection 1962—1965
throughoutJapan, ic. from 23 prefectures, and the local corn strain collection 1953—-1968 also
covering major parts of Japan excluding Hokkaido Istand. Over 1 300 and 670 accessions
collzeted by both projects. respectively. have been classified and analyzed from the eco-
geographical standpoint and have been used as important breeding materials. Internal
collection of local strains and related wild types is againof interest more recently and efforts
have been placed by many group of universities as well as by MAFI-.

International expeditions are only possible by rescarch cooperation with local scientists.
Helped by this cooperation, we have received over 6 000 precious genetic resources from
vartous parts of the world for these 6 years, relating only to MAFF activities. as shown in
Table 4. We extend thanks here again for their generous cooperation. Japanese scientists are
also taking part in IBPGR international expedition groups recently in various areas.
supporting IBPGR activities as stated in its Annual Reports.

‘The exchange of already collected resources in quantity withestablished genebanks is very
important in assuring a safeguard against unforeseen accidents and also in widening the
availability of resources for potential use. Contact has been launched with CIMMYT,
AVRDC,INTSOY. ITA and CIAT 0 extend this program.

Preservation

Preservation of standard (orthodox) seeds seems to have been well standardized for a long
time, while, with some compromise, temperature and humidity of many seed storages arc
often managed at cconomic, but hardly sufficient levels. Recently a proposal on the use of
liquid nitogen has been highlighted for the sake of long-range cconomy and possible genetic
stability during storage. A small experiment has been initiated in NIAR to test its potentiality.

Preservation of vegetative plants is perhaps facing a revolution now. Space and labour-
saving dwarfing techniques for field preservation, by special root stocks and/or growth
regulating chemicals, has been drawing attention. Still more intensive economization of n
vitro preservation may need some more time to be standardized in terms ol growth regulation,
controlled regeneration and also of gepetic stability. Several research projects in Japan have
been reported to be working.

Universities and institutions in the Ministry of Education hold some important plant
collections as seen in Table 5. The wheat and Aegilops collection at Kyoto University is
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TABLE 4

Plant introduction from abroead in recent years.

[R0]
w

Year

1081

1082
1983

1084

DN

1986

Tl

Arei

Ivory Coast, India,

Papui New Guinea

Solomon Is.. Fiji

[taly, France

Thailand. Laos, Turkey. Egypt,
Bangladesh, Indonesia, Mexico,
Costa Rica, Peru. Bolivia, Philippines

India. Thailand, Indonesia,

North America, Korea, New Zealand
East Asia, South Europe,

Argenting

Morocco. Portugal, Spain,

Thailand, Peru, Tanzania

Target plants

Rice (wild), Sorghum,
Taro, Yam. ete.

Ryegrasses, Alfalfa,
Citrus, Soyabean, Peanuts,
Vigna, Wheattwild), Rice(wild),
Tomato, Pimento, Pumpkin,
Devil's tongue

Tea, Grapes, Beans,
Forage plants, Rush
Wheat, Barley, Beans,
Root crops

Rice, Forage plants,
Vegetables, Root crops

Number of accessions

930

130
1240

1770
980

1090

6 140

recognized as one of the most important collections in the world for its plant group, and has
been fisted by IBPGR as an international base collection. The barley collection in Okayama
University is also of world-famous value. Only well-known collections are listed in this table;
there are still many other minor but specific collections remaining unlisted.

Trees and wild plants mainly in vegetative form are preserved in botanical gardens
affiliated with universities or the Ministry of Education. Forexample, Koishikawa Botanical
Garden of Tokyo University is noted for preserving more than 6 000 species besides its 1.4
million herbarium specimens.

The Medicinal Plant Rescarch Station in Tsukuba aftiliated with the Ministry of Health and
Weltare holds over 2 000 medicinal plants in sced and/or vegetative forms.

TABLE 5

Major crop collections in Universities of Ministry of Education,

Kyoto Univ,

Okayama Univ,

Tohoku Univ,

Chiba Univ.

Nat. Inst. Genetics

Toyama Univ,

Kagawa Univ,

Wheat & its relatives
Maize & its relative
Other cereals
Vegetables

Cultivated barley
Wild relatives
Brassica spp.
(total)

Ornamental plants
from Latin America
Oryza sativa
O.perennis, Asian
O.glaberrima
Sesame

Vetch
Vicia spp.

6 800
800
1200
595

4538
271

315
652

300
3974

279
389

152
220
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In the MAFTE Genebank Project scheme. the total coliection of genetic resources under all
MAFF institutions is reported as 121 600 at March 1987 (see Table 6). Out of 93 700 seed
samples. rice, wheat and barley and forage crops all have similar frequencies over 20 000,
Vegetables and beans are about hall. Among 25 900 vegetative plants preserved, forage
crops and fruit irees are more tnportant, followed by rool and 1uber crops and tea plants.

Because resources have been preservednotonly in the Center Bank but also invarjous Sub
Banks around Japan, redundancy in the aceession was observed rather frequently at first. But
this redundancy has been reduced so we think that this total number of 12] 000 is now very
close to being related to unique accessions only,

TABLE o Present status of preservation of plant genetic resources jn Japan (1986).

l\iﬁlT“A o (‘?np species No. of accessions
preservation preserved (x 107)
Seed Rice 21
Wheat & barley 234
Beans 100
Vegetables 123
Forage crops 229
Others 60
Sub total 957
Vegetative Fruit 6!
crop Tea 40
Root and wber crops 45
Forage crops 62
Others 51
Sub total 259
Total 1216

Seed samples stored at the Center Bank, NIAR now amount to about 50 000 (sce Table 7).
Duplicate storage of base collection like wheat and Aegilops registered at Kyoto University
(6 433 isinclude here. Rice, wheat and barley are most important, followed by beans, forage
cropsand vegetables. The mechanized seed store builtin 1978 with a robotic handiing system
was designed to house about 50 000 accessions. Faced with ncarly tulfiled capacity, a new
genebank with a room for about 150 000 accessions is under construction on the NIAR
campus. The robotic system is still being improved to save storage room and cost. Advanced
rescarch facilities and storage for DNA fragments, microorganism or animal germplasm are
also installed in the new genebank, This will be completed in December 1987,

Onaccepting seed samples from outside, seed germinability is tested by the ISTA standard
following the routine of the Germplasm Storage Center of our Center Bank. After a drying
process (25°C, 15% relative humidity) for about 10 days. seed moisture is reduced 1o about
7-8%. Then the sample is divided in two. That for long-term storage. taken out only for
regeneration purpose. centains seeds that are vacuum sealed in one or two 180 ml hermetic
an(s) and stored under - 10°C, 30% RH, The other part is stored in specially prepared viny|
bottles, transparent and square, under 0°C. 30% RH. for distribution purposes. Germinability
is checked every § years hy a stratified sampling technique to assure viability. Decline of
germinability to under 50% or decrease of quantity by distribution will initiate the rejuvena-
tion process starting from the original seed lot, selecting appropriate Sub Banks as for crop
speciality and environmental adaptability of the accession. Initial germinability is very
important for the longevity of seed. so. we are concerned to get good quality seed for
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preservation. Attention is paid to the initial seed germinability of accepted seed samples.

Distribution of genetic resources has long been limited to national or public rescarch
organizations, but it was made 1o open to anybody including private companices for research
use on January [Y86. We now publish the listof available genetic resovrees. the latest edition
ol which published on July T987 includes 42 125 accessions of 230 plants species. Distribu-
tion stze is fixed for cach species at about 50 grains for soybean or maize to 200 for small
seads,

TABLE 7 Present status of preservation of plant genetic resources as seed at NIAR (1986).

Crop species No of accessions preserved (x 10 %)
Rice 123
Wheat & barley 185
Beans 62
Vegetables 35
Forage crops 55
Others 29
Total 499

The number of distributed samples may indicate the activity of a seed bank in a sense. A
4-yearrecord is given in Table 8. Statistics here follow the calendar year. Cropwise statistics
for the 1986 fiscal year (April to March) is shown in Table 9. of which beans are most
important. Wheat and barley or rice follows this.

TABLE S Number of seed accessions accepted or distributed at NIAR in recent years,

Calendar Preserved Accepted Distributed

v aceessions accessions ucccssion§ e
IOER! 3025 2777 4167

1U84 35793 1 768 6933

1YS8S IR 091 2298 6510

1986 42125 4034 7 141

TABLE Y Accessions distributed as seeds of genetic resources at NIAR (1986).

No. S %
Rice 1 483 18
Wheat & barley 2731 33
Beans 3208 38
Vegetable crops 601 7
FForage crops 212 3
Others 140 2
All accessions 8372 100

Evaluation and documentation

LEvaluation of genetic resources is of prime importance in making a large collection available
for wide use. Specialists of some crop might know the potentiality of a certain accession only
by the name or by place of origin, but when a result of primary evaluation is recorded, anyone
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can select the vight material for breeding. Recent advancements in biotechnology have
broadened the potential users of genetic resources tor various unexpected purposes, so
evaluation data can practically help develop hidden availability of resources. In the MAFE
Genebank System. the manual for primary evaluation of important crop species has been
compiled and distributed to related research institutions and farms for practical use. Here
primary evaluation means measurement or rating on mainly morphological or physiological
traits casy to eviluate and also stable for places and for years. For more complicated but
important characters which need care or expertise to measure, such as stress tolerances,
productive or adaptive characters or chemical contents and others, cropwise manuals for
standard evaluation methods are under preparation.

However.itis notan casy task to grow a large number of accessions at one time for primary
evaluation, so data from separate evaluation trials following some standards are being
assembled to constet the intepreted database in g long range plan. Table 10 shows an
outline of the evaluation and documentation process in the MAFF Geniebank Praiect. There
have been several separate databases ¢f various characteristics before 1984, but data
following the standard manual have been compiled since 1985, Some of the data taken for
1985 and 1986 still need standardization to be created into the integrated databases. All these
databases are now open to related scientists through the MAFF Computer Network for on-
line retrieval.

TABLE 10 Evaluation and documentation of collected genetic resources,

Crop name No. of accessions Databases created in 198586 Total No. of
in databases evaluated accessions
(until 1984) No. of accessions  No. of databases
Rice 9178 3035 ! 12213
Wheat & barley 9623 3449 3 13072
Beans 437 482 1 919
Potato 368 845 ] 1213
Forages 3876 654 9 4530
Fruit tree 97 492 11 1 289
Vegetable 1090 167 3 1257
Flowers 184 50 1 234
Tea 1730 0 0 1730
Mulberry 91 195 1 280
Miscellaneous 429 0 0 429
Total 27 803 9369 31 37192

Specific characters like stress tolerance, electrophoretic Zymogram patierns, cnzymatic
activities, or amino-acid contents have been screened on an extensive scale for certain
breeding or research purposes. Those data are essential in finding out very rare but useful
genes out of a large number of resources collected worldwide. At present these data are
mainly in the form of field notes or in mimeographs, so a move is now being taken to compile
these and attach them to the integrated databases.

Passport data have been processed to construct the inventory database and those of
aceessions throughout different Sub Banks of the MAFFE Genebank System were reported to
the Center Bank. These are now under careful check and will be ready to be merged with those
of accessions in the Center Bank in a while 1o establish the integrated inventory database
throughout MAFF institutions. The Science and Technics Agency of Prime Minister's Office
has been planning to establish a nationwide database of plant inventory through institutions
of MAFF, universities, botanical gardens and even of private companices in order to help
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efficient utilization of precious resources already stored in this country. A scheme for
necessary descriptors to be filled in has been discussed for two years, and an initial step to
start data filing is scheduled in 1987,

Utilization

Some of the collected resources have been utilized very effectively in plant breeding in
recent years in this country. Introduction, collection and preservation of large amounts of
genetic resources need a great deal of human power, investment and funding. These can only
be rationalized by the successtul utilization of resources in plant breeding for the welfare of
whole mankind.

Traditionally. transfer of genes between organisms was only limited to sexual crossing and
chromosome pairing. Useful genes in collected resources could only be transferred by
crossing. But remarkable progress of biotechnology in recent years has opened new
possibilities of gene introduction through asexual fusion of cells or even direct gene
cagineering. Utilization of useful genes in genetic resourees is now not limited to the range
ol intercrossing groups but extended to any organisms in life.

Utilization of exotic genetie resources in plant breeding has become still more active
recently. Yielding ability is sometimes much improved caused by heterosis effect using wild
relatives in several crop species. Specific quality character like starch content or carotene
content in exotic germplasm was efficiently used in sweet-potato breeding. Protein and
amino-acid content in soyabean were thoroughly screened in domestic as well as exotic
collections and isolated variants have been successtully utilized in breeding. Some enzyme-
deficient mutant strains screened out of very many accessions of soyabean are expected to
vield new cultivars without an unpleasant smell in cooking and to revolutionalize soyabean
consumption in the diet.

Tolerance to excess humidity or wilting by some virus discase has been transterred to new
cultivars from exotic germplasm located after screening among a large collection.

Another example of the utilization of electrophoretic variant caused by a new isoenzyme
banding gene for the analysis of eco-geographical transient picture is presented in part 6 of
this book.

Because ivis proposed to discuss mainly the successful utilization of precious and in some
sense very expensive genetic resources, several presentations on this topic will be thoroughly
reviewed and examined in later chapters.,

International cooperation

Genetic erosion has been going on rapidly in the developing arcas important for genetic
diversity. Need for genetic variability in view of research and industrial utilization is also
claimed to be urgent. Distribution of these resources does not always overlap with that of
availability of advanced technology to develop these resources. International cooperation
guided by IBPGR will be a practical solution to this situation.

NIAR has been appointed as a registered genebank for international base collection for
some plant species (Table 1), Some Japanese specialists have been participating in the
IBPGR missions for expedition in recent years. Japan is continuously cooperating with and
supporting IBPGR activities.

NIAR and cooperating institutions have been holding a training course on genetic
resources sponsored by JICA since 1982, A general outline of the course is shown in Table
12, Until the 6th class in 1987 we have received 67 junior scientists from 19 countries as
indicated in Table 13, JICA has been making significant contributions for establishing
storage facilities in some Asian countries and also planning to extend its activity to help
related research cooperation among these countrices.
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TABLE Il Genetie resources designated by IBPGR for preservation,

Institutions Plant genetic resources

NIAR Maize. Wheat,
Barley. Sweet potato,
Cruciferous crops,
Allium sp., Sugarcane,
Vigna, Glveine,
Panicum, Chloris

FTRS Aurantiodeae
University of Kyoto Triticun and Acgilops
Tohoku University Cruciferous crops and wild species

TABLE 12 Current plan of the curriculum.

(h General Orientation at Tokyo International Center, JICA (one week). Introduction of Japanese culture,
history. geography. etc.
2y Lectures of researchers of NIAR and other institution of Ministry of Agriculture, Forestry and Fisheries
and from universities (three weeks)
(i Genetic resources in the world and international cooperation
(i) Principles of germplasm exploration and collection
(i) Test of seed germinability
{iv)  Long-term storage of vegetatively propagated crops
v) Management of information on genetic resources
(vi)  Diagnosis and treatment of viral discases
(vii) - Production of virus tree stocks
(vii) - Maintenance of germpliasnis by tissue.etc,
(3y Technical practices guided by instructors from institutions affiliated to the Ministry of Agriculture,
Forestry and Fisheries (two weeks)
ti) Seed testing
iy Information processing in computers
(i) Plant tissue cubre
tivy  Production of virus free scions, etc.
) Individual training and report making (1wo weeks)

Future perspectives

We are trying to enlarge the range of our plant species even to include wild species as far
as possible. We invite collecting further diversity of resources at national as well as
international levels. Safety and longevity will be assured by more strict maintenance of
temperature and humidity: measures to monitor genetic stability will be one of the important
rescarch items in the near future, We plan to increase our field activities through cooperation
with local scientists to collect endangered resources in Asian countrics. Exchange of stored
resources for evaluation and utilization is to be promoted more extensively under mutual
understanding.

Information of good quality should be aimed at through casier and more convenient forms,
‘The list of available accessions is to be revised to incorporate more information useful to
users. Information exchange on the availability of resources as well as evaluated data should
become more accessible through floppy disks or data communication lines. In the near future
we may startdistributing useful genesin the form of DNA fragmentsin vitro instead of in seed
or live plant forms. We need to be well prepared technically as well as on the informational
aspects to meet these circumstances. Small but frequent meetings 1o exchange technical
progress in East Asia are earnestly recommended under the regional activities of IBPGR.


http:tissuec.ec
http:Mangllcent.lt

GENETIC RESOURCES ACTIVITIES IN JAPAN 31

TABLE 13 Group training course in plant genetic resources.

Country 1UK2 1983 1984 198S l‘)X()A 1987 'I};tul
Banghdesh 1 1 1 3
China 2 I | I | 2 8
India 1 1 1 i 4
Indonesia 2 { | 1 5
Korea | | 1 1 | 5
Malaysia 2 1 1 4
Pakistan 1 | 2
Phitippines 2 1 1 l 5
Sri Lanka | 1 l 3
Thailand 1 2 | 1 1 1 7
[ran 1 1
Argentina 1 | 1 1 | 5
Brazil 1 | ] 2 2 7
Chile | 1
Peru | 1 2
Fiji 1 | 2
Burma 1 1
Nepal 1 1
Panama 1 1

[=2)
~J

Total 13 12 9 1 11 11




CHAPTER 3

Recent development of plant genetic resources in Republic of Korea
WAN SIK AHN

Itis well known that Korea has remained a typical agricultural society for several thousands
of years up to the present. Accordingly, many valuable crop genetic resources are being
maintained in nature,

More than 3 000 temperate plant species out of 90 famities are found in Korea. From these
more than 1100 plant species are used for various purposes including 150 species of food
crops or fruit trees, 711 species of medicinal palnts, 250 species of vegetables, and other
ornamental plants. In Korea.itis advisable to collect and preserve the land race of food crops
suchras grain legumes. cereals and especially the medicinal and allied plant species.

Ductosmall land arcaand the preference of farmers for the newly developed crop varieties,
mostof the indigenous crop species except fora few minor crops were very rapidly replaced
by the new varicties. Though much effort has been given to collecting. preserving. multiply-
g, and propagating the crop genetic resources from the carly days of crop improvement.
many indizenous crop species have already disappeared or are near extinetion.

Integrated and systematic conservation of crop genetic resources was started in 1976 when
the Sced Management Function was established under the Rural Development Administra-
tion (RDA. formerly the Office of Rural Development). But the organization and the
operation of the Sced Management Division are still in their infancy in respect of modern
management of plant genetic resources.,

In Korea, more efforts are being given to the collection and preservation of land races from
the wide range of crop species. At the same time. the utilization efficiency of plant genetic
resources is being included through extensive evaluation for the resources preserved and
computerization of detailed information obtained.

Organization

Germplasm Management Division (GMD) is being organized as one of the four divisions
of the Rescarch Bureau under Rural Development Administration. There are fourteen
affiliated research institutes and experiment stations which are directly controlled by the
Research Bureau. Nine Provincial Rural Development Administrations have also indirect
sonnection with GMD through the Research Bureau of RDA.

AsshowninFigure I, GMD plays the central role for any rescarches related to plant genetic
‘esources. With a consultation from the Crop Advisory Committee. it sets up a basic plan for
he related researches or plant genetic resources and undertakes its responsibility for base and
wctive collection,

Atthe same time. it carries out some basic research on plant genetic resources. GMD s also
esponsible for coniputerization of the data obtained at the aftiliated research institutes and
sxperiment stations and affords a gateway for international cooperation between RDA and
sther foreign countries. After collection, multiplication and rejuvenation the plant genetic
esources are evaluated at related rescarch institutes and experiment tations such as the Crop
ixperiment Station. the Horticulture Experiment Station, and the Wheat and Barley Re-
carch Institute. The seeds multiplied at the affiliates are sent to GMD for storage.

Colleges and private seed companies have no direct relationship with RDA. but they are
wvised to store the crop seed at RDA with the exception of some germplasm they keep.

B _ " ‘.-,'?J\r. ~ ﬁv'., e 3?‘-.ws"‘;
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FIGURE 1. Major working components for national crop genetic resources in Korea.
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Facilities of seed storage at GMD

Fotal room arca of current seed storage at GMD is 103 m?of which 34 m? is for the base
collection -1 €300 RH) and 69 m? for active collection (-1°C, 30% RH).

New facilities will be constructed in Suwon, RDA headquarters by carly 1988 for
exclusiveuse. There will be about 3 times the existing floor space 1o house storage facilities,
and faborateries o mternational standards as shown in Table 1.

Fach room s designed to be equipped with the mobile rack systems so that the space can
be effectinvely used.

FABEI 1 The new seed storage facilities of GMD in the Rural Development Administration.

Deseriptions 'l’cm;wruluu‘ ¢y Humidiny Floor arca (m’)
Cold 1ooms 1.2 L Frost free 43.2 x 2 rooms
Cold rooms 3-0 1 +1] 404 RH 43784

Seed dryimg room 20+ | 10% RH ox |
Luboratories and 1 259.2
machine room

Total 1536

Present activities
BAsk aNpACTvE coLLiction

Atthe presenttime, approximately 59 000 seed samples out of 133 crops species are under
conservation at the seed storage of GMD. The number of seed samples preserved for major
crop xpuws is shown in Table 2. Many of the seed samples are those of staple food crops.
such as rice. barley, wheat, soybean and corn.

Seeds preserved for the base collection are cither canned or put in aluminium boxes and
stored in the room at 30% R and -10°C. For the active collection, seeds are put in cans or
paper envelopes and stored in the room at 30¢ RH or constant moisture content of 8% and
at-1°C.

In the new seed storage under construction, the seeds for base collection will be dried to
a4=5% moisture content and put in three-fold laminated aluminium foil. The foils will be
stored in frost-free conditions at =18 C. For active collections. the dried seed will be putin

rasine (ie. plastic) bottles and stored at 4 °C and 404 R,

RDA has intensified its genebank management since 1985 in various fields of collection,
preservation, evaluation and utilization for the mel genetic resources, especially the
collection of land races faced with eradication. Ax in other countries, many land races of
staple food crops such as rice, barley, wheat and legumes were 1 rapidly disappearing along
with the dissemination of the newly developed leading varieties. Hence, the collection and
preservation of the remaining land races was believed to be one of the most urgent tasks
related to plant genetic resources.

About 8 000 agricultural extension workcrs in every sub-county all through the country
were efficiently recruited to collect genetic materials.

Extension workers have two merits: 1) they have good pre-information about crop

arieties and regional circumstances: 2) they can collect materials all through the country at
onctime. Togetabetter response, they were told the reason why and how to collect materials.
And, of course collection envelopes were sent to cach extension worker.

Inall 1 731 extension workers responded and 5 171 seed samples covering 57 Ccrops were
collected m 1985 (Table 3).

The majority of crop seeds among the collection were those of grain leg 2 158 seed
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TABLE 2 Number of major crop seeds stored at the seed storage of the Rural Development Adminis-
tration in 1986.

Crops No. of samples
Rice (Orvza sativa) 16 823
Barley tHordeum videare 11501
Wheat (Friticum uestiviom) 5722
Sovabean (Giveine may) ’ 4871
Wild sovbean (G ussuriensiy) 266
Adzukibean (Vigna angudaris) 1212
Mungbean (Vigna radiata) 507
Cowpea (Vigna unguiculata) 280
Kidney bean (Phaseotus villearis) 285
Corn (Zea mays) 4168
Sorghum (Sorchum bicolor) 1122
Red pepper «Capsicum anmuum) 432
Radish (Ruphunus sativus) . 582
Tomao (dyeapersicon esculentum) 373
Chinese cabbage (Brassica rapa) 396
Peanut (Arachis hypogaca) 758
Perilla (Perilla frutescens) 628
Sesame (Sesamum indicum) 1904
Rape (Brassica campestris) 256
Adlay (Coix facrymay 361
Others 6928
Total 59 375

samples or41.7% of the total collection, Some 993 seed samples of soyabeans were collected.,
which suggested that Korea is a good storchouse of soyabean germplasm,

Itis well known that the Korean peninsulais near or the original site of soyabean fnclud-
ing Machuria. Seed samples foradzuk ibean, mungbean. cowpea. and kidney bean numbered
483,199, 240 and 215, respectively.

Many sced samples of cereals and other crops were also collected: corn (293), sorghum
(293). proso millet (64). Italian millet (177). Job's tears (183). red pepper (211 and pumpkin
(10R), oil crops seeds, perilla (213). sesame (162). castor bean (112). and rape (7) were also
collected.

Landraces, as shown in Figure 2, were evenly distributed all through the country presuma-
bly due to small land arca of the Republic of Korea. Upland cropssuchas Glveine mavy, Vigna
angudaris, Sorghum bicolor, and Setaria italica, ete. were collected in the mouatainous area.

Evaruamion

Betore 1980, no evaluation of the plant genetic resources preserved in GMD was performed,
but only parts of the materials used for breeding purposes were characterized at the related
experiment station and rescarch institutes. Characterization of 12863 varicties for 49
characteristics was accomplished during 1980-1984, Along with the extensive germplasm
collection from 1983, characterization for the materials preservedat GMD ornewly collected
was partially started by plant breeders at the related institutes. Since 1985 about 14 000
germplasms were characterized as shown in Table 4. The computerized results will be
distributed 1o the people concerned.

REJUVENATION AND MULTIPLICATION
Every year, GMD tests the germinabi tity for the germplasm preserved in both base and active
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TABLE 3 The land races of crop plants collected in Korea in 1985,

Common name

Rice

Barley
Wheat

Rye
Sovabean
Adzukibean
Mungbean
Cowpea
Kidney bean
Pea

Maize
Sorghum
Tathan millet
Aillet

Buch wheat
Sesame
Peanat

Rape seed
Periha
Castor bean
Job's tears
Red pepper
Spinach
Cucumber
Edible burdock
Potato
Pumphkin
Welsh onion
Grlie
Chimese cabbage
Fgep plant
Whaite gourd
Chinese mustard
Rudish
Lettuce
Cotton
Others

Total

Scientitic name
Orvza sativa
Hordeum vulgare
Triticum aestivim
Secale cereale
Glveine max

Vigna angularis
Vigna radita

Vigna unguiculata
Phaseolus vudgaris
Pisum sativum

Zea mays

Sorghum bicolor
Setaria ttalica
Panicum miliaceum
Fagopyrum exculentum
Sesamum indicum
Arachis hvpogaea
Brassica napus
Perilla frutescens
Ricinus communis
Coix lucryvma
Capsicunt annuum
Spinacia oleracea
Cucumis sativus
Arctium luppa
Solanum tberosum
Cucurbita moschata
Allium fistdosum
Allium sativum
Brassica campestris
Solantum melongena
Benincasa hispida
Brassica chinensis
Raphanus sativus
Lactica sativa
Gossypium nanking

No. collected

183

57

collections. Any materials showing less than 70% germination are sent to the related research
institutes for rejuvenation of the seed.

EXCHANGE AND DISTRIBUTION

RDA adopts an open-door policy on the basis of mutual fairness for international cooperation
in the utilization of crop genetic resources. Up to date, the crop genetic resources were
exchanged between the affiliates of RDA and the international research institutes or foreign
countries. Accordingly. a small number of seeds only were disseminated to outside the
country as shown in Table 5. But international cooperation on plant genetic resources
including the introduction and distribution of crop sceds will gradually come under the
Turisdiction of the Germplasm Management Divison of RDA.
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FIGURE 2. Some Landrace collections of crops in Republic of Korea in 1985,
» Large : 10d) items; +Medium : 50 items; . Small : 10 items
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TABLE 4 Germplasm characterized at RDA affiliate research institutes in 1985-86.

Crop Scientific name Number
characterized
Rice! Oryza sativa 12 865
Rice Oryza sativa 1516
Barley Hordeum vuleare 2614
Wheat Triticum aestivam 980
Oats Avena sativa 244
Rye Secale cereale 97
Comn Zeda mays 1 956
Iminicale Triticale 269
Sovabean Glveine max 1725
Adzukibean Vigna angularis 785
Sorghum Sorghum hicolor 371
Sesame Sesamum indicum 835
Groundnut Arachis hypogaea 869
Rape seed Brassica campestris 17
Radish Raphanus sativus 203
Red pepper Capsicum annuum 167
Tomato Lycopersicon esculentum 174
Foxtail millet Setaria italica 119
Cucumber Cucumis sativus 55
Melon . Cucumis melo 36
Water melon Citrullus vulgaris 10
Others 963
l'otal 24 469

* These evaluations are for the period 1980-84.

TABLE 8 Number of seed samples distributed by the Rural Development Administration,

Coumry tOR3 1984 1985 1986 June 1987

Domestic! 3145 2246 1 788 1 288 8336
Foreign - - - 28 313

* Distributed o the research institutes, experiment stations and universities.

Future plan

RDA plans to centralize the preservation of crop genetic resources which are now
maintained in colleges and private seed companies. This will be done when the blueprinted
new seed storage, 1536 m* in total arca or about three times larger than the present seed
storage, is built in carly 1988,

RDA Tays more emphasis on the preservation, evaluation, and characterization of seed-
propagated crops and exploration of the wild relatives in Korea.

Better systematization and utilization of the information obtained on plant genetic
resources is also one of the most important tasks facing RDA. Hundreds of seed samples and
characterized information from the affiliates of RDA are sentto GMD each year; the dataare
well computerized for better use inthe future. Up to date, no complete inventory for the crop
genetic resources preserved at GMD has been made ready to use.

The most urgent need for RDA genebanks is to have personnel professionally trained on
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plant genetic resources. RDA will give first priority to training of research personnel for the
better management and handling of RDA genebanks in future,

Moreover, RDA fully supports the free exchange, cooperative evaluation and utilization
of plant genetic resources among the countries and institutes concerned. At the same time,
RDA would like to propose a cooperative exploration of plant genetic resources in any
countries or regions interested.



CHAPTER 4

Present status, management and utilization of tropical
vegetable genetic resources at AVRDC

CHONG-SENG TAY

The Asian Vegetable Rescarch and Development Center (AVRDC) has a mandate for

rescarch and development of vegetable crops in the humid and subhumid tropics. Since

AVRDC's establishment in 1971, genetic resources activities have been emphasized. Re-

cently. anew facility was constructed with a triple cold-store capacity inaccordance with the

International Board for Plant Genetic Resources Resaurces (IBPGR) cold-store standard.

The Genetic Resources and Seed Unit (GRS U, therefore, is adopting an even more ambitious

plan for the future. Presently. the GRSU goals concerning germplasm are 10:

+ Promote the utilization of the collections through evaluation and comprehensive docu-
meatation;

* Build up base and active collections of vegetable species popular in the tropics:

* Strengthen AVRDC's cooperation within the international network of genebanks;

* Ensure that incoming and outgoing sced samples are free of pests and discases.
Currently. AVRDC is the repository for the world mungbean collection and the Asian and

Pacific sweet potato collection. Negotiations are currently underway hetween AVRDC and

IBPGR concerning AVRDC maintenance of the Capsicum base collection. This chapter

summarizes the present status, management and utilization of selected tropical vegetable

germplasm at AVRDC.

Genebank hardware

The GRSU's functions include germplasm acquisition, conservation, characterization,
coordination of evaluation, documentation. utilization, distribudon, sced technology re-
searchand training. The new GRSU building consists of a genebank witha 75 000-accession
capacity. a seed laboratory and a seed conditioning plant built at a total cost of US$353 032
in 1985, The floor plan of the different controiled environment seed stores, drying facilities
and supporting laboratories with their controlled conditions are given in Figure 1. A detailed
descriptionof the buitding is given in Tay (1986). The performance of these facilities has been
satistactory during their 2''/: years of operation. Continuous monitoring of cold-store tem-
peratures and relative humidity is done with a 32-channel Molytek clectronic recorder with
alarm system. An clectrician is on a 24-hr standby basts, and a spare generator is available
in case of an electrical mainline power cut. Three levels of safety devices were incorporated
in the cold store to prevent the accidental tocking of workers inside.

Documentation is done on an HP 3000 minicomputer with a HP 150 microcomputer as
terminal.

An aphid and whitefly-proof post-entry quarantine screenhouse was constructed with
IBPGR funding to facilitate new introductions into the Asian and Pacific sweet potato
collection. This facility had been test-run during the past 1"/ years, The {irst batch of 100
aceessions from Thailand was successfully introduced. tissue-cultured and met local qua-
rantine regulations.,

Present status of the collections
The current status of germplasm maintained at AVRDC, totalling 27 025 accessions is
shown in Table 1. Efforts are concentrated on the principal crops, namely tomato, Chinese
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ciabbage. munghean, soyabean. sweet potato and pepper. Pepper is a recent addition. Until
nenw, 3 475 accessions of pepper have been acquired including accessions from all of the
major collections in the USA.L Costa Rica, the German Democratic Republic, Thailand,
Malay sia ete. Batches of these aceessions are being characterized and evaluated to support
the utibization work, Accessions for base and active collections are multiptied in nylon net-
houses,

FABLE T Germplasm maintained at AVRDC by GRSU in 1987,

Crop Accessions Missing Available Temporarily  Suspected
numbered duplicates’
accessions

AVRDC Principal Crops

Sovabean 12505 835 11670 99 200 (903
Munghbean 32 167 5107 256 085 (5112)
Tomato S 484 138 5346 617 40 (4734)
Sweet potato 1214 32 1187 157 9 (1200)
Chinesse cabbage 846 42 804 217 -

Pepper 2500 30 2470 1 005 -

Subtotal 27 828 1244 26 584 2351 3145 (20 080)

Other Crops

Adzuki bean 125 - 125 25 -
Anuranth 86 - 86 - -
Black gram 158 - 158 539y -
Rice bean 72 - 72 50 -
Sub total 441 - 441 614 -

Total 28 269 I 244 27025 2965 3145 (20 080)

“ Figures in parentheses indicate the total number of accessions from which the suspected duplicates were counted.
" ncluding 356 accessions (lines) of wild black gram purified from four populations,

The germplasm is maintained under five levels of storage, namely base collection (seeds
are for permanent storage at -20°C and - 10°C in hermetically-sealed packs), active cotlection
(seeds are for distribution and are kept at 12° £ 3°C, 40 £ 5% RH) and working collection
(15 £ 37C 40 £ 5% RH) for seed propagated vegetables, and a field genebank and in virro
active collection (207 £ 2°C) for sweet potato. The current base collections at AVRDC,
including the recommended seed moisture contentand minimum number of seeds stored per
aceessions, are listed in Table 2: the active collections at the medium-term storage are
presented inTable 3. The working collections consist of seeds which are designated for long
or medium-term storage, but are still under processing. The Asian and Pacific sweet potato
collection is maintained in a field genebank as described in Tay (1985), and the in vitro
collection as in Tay et al. (1986). Most of the accessions in the collections of the six crops
have been duplicated in other major genebanks in Costa Rica, Japan, the Philippines, Taiwan
(Chinay, UK and USA. The viability of seeds in long-term storage is monitored every five
vears during the first ten years. Depending on the subsequent seed quality the monitoring
mterval will be adjusted and shortened accordingly.

Characterization and evaluation of germplasm are emphasized at AVRDC to identify the
subgroups within cach species, specific traits and the duplicates. The IBPGR descriptor lists
are closely followed in characterizing mungbean, soyabean, sweet potato. tomato and
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TABLE 2 Current status of base collections in long-term storage at AVRDC.

Crop Accessions Total Storage Seeds / Moisture
stored aceessions room accession’ content
(no.) (%) (units) (no.) (%)
Soyabean 26207 22.45 5 4000 8.0
Munghean 1 437 28.14 5 4 000 8.0
Toniato 713 13.34 5 12000 5.0
Chinese cabbage REY I 4241 5 12 000 5.0
Pepper 75 3.04 5 12 000 50

* Recommended number of seeds per accession.

* Non-USDA accession.

* Another 3 000 accessions (58.79%) will be stored in early 1988.
* Open-pollinated varieties.

TABLE 3 Current status of active collections in medium-term storage at AVRDC.

Crop Accessions Mimimum no.

stored of seeds/Acc.’
o oy .

Soyabean 11769 500

Mungbean 5363 800

Tomato 5963 2000

Chinese cabbage 1 021 2000

Pepper 3475 2000

* When seed quantity reaches this minimum level, seeds are multiplied.

pepper. Some descriptor states were modified. Additional useful characters were formulated
for each crop where necessary (Tay 1985; Shanmugasundaram et al. 1985). The GRSU
prepared and field-tested a descriptor list for Brassica campestris for the IBPGR (Tay and
Kuo 1985: IBPGR/AVRDC 1987). The characters evaluated, and the status of characteriza-
tion are summarized in Tables 4 and 5, respectively.

Management of the genebank
The management of AVRDC's genebank is divided into three main sections, Firstly, the
introduction and conservation section with activities which encompass introduction, post-
entry quarantine, multiplicatiion, characterization, identification of duplicates, accessioning,
seed processing, viability testing, packaging, storage, further characterization and evalu-
ation, Utmost care is taken to prevent mechanical and genetic mixing and loss of accessions.,
The genetic selectionand driftof each accession are minimized by multiplying the collections
in the best seed production seasons at AVRDC (Table 6), growing more plants per accession
and taking equal representative seed samples from cach plant of an accession to obtain a
composite sample for storage. The recommended plant numbers for germplasm regeneration
of the AVRDC’s principal crops are 160 plants (4 m x 2 rows) for mungbean and soyabean,
30 plants (7.5 m x 2 rows) for pepper and tomato, and 150-200 plants (15 mx 6 rows) for
Chinese cabbage.

Secondly, the documentation section is responsible for monitoring the flow of an acces-
sion into and out of the conservation system, and the status of utilization and distribution,
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TABLE 4 Characterization of AVRDC principal crops.

No. of morphological and physiological

Crop characterizations Chemical
IBPGR descriptor list Additional characterizations

Mungbean 23 13 protein, starch and
fibre

Soyabean 26 1 protein, fat,
starch and fibre

Chinese cabbage 66" - -

Pepper 37 2 capsaicin

Sweet potato 27 9 protein, sugar,
starch, fibre and
dry matter

Tomato 36 2 % brix

 AVRDC/IBPGR descriptor list (IBPGR/AVRDC 1987).

TABLE S Status of AVRDC germplasm characterization in 1987.

No. of morphological and

Crop physiological characters o ,,Ch?ﬂif‘,’I.F,',‘?[‘!?!‘Tﬁ,w,_, o
Accessions % of 1otal Accessions % of total
_characterized . Characterized
Mungbean 4 945 96.8 4945 96.8
Soyabean 2672 229 2622 22.5
Chinese cabbage 315° 39.2 - -
Pepper 508* 20.6 - -
Sweet potito 1 168 98.4 734% 61.8
Tomuto 1 250* 22.8 - -

* Non-USDA accessions,

* Open-pollinated cultivars,

* Ongoing in the fall of 1987,

* Accessions flowering st AVRDC,

TABLE 6 Best seed production seasons at AVRDC.

Crop Season

Mungbean and Soyabean fall

Tomato and Chinese cabbage winter

Pepper summer and winter

Passport, characterization, evaluation, inventory and distribution data are documented using
an HP-3000 minicomputer together with an HP-150 microcomputer as terminal, It consists
of germplasm, inventory and distribution databases. All the databases except for the
inventory database are managed using the MINISIS database software package which was
developed by the International Development Research Center (IDRC) of Canada. The
passport data of all the crops are integrated in one data base. Similarly, the distribution data
are together imanother data base. The characterization and evaluation data are kept according
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1o crop. The inventory data base is constructed with self-designed and self-programmed
software,

The current status of documentation of AVRDC's principal crops is given in Table 7. The
Chinese cabbage catalogue (open-pollinated accessions) has been distributed and the world
mungbean collection catilogue is now in the tinal stage of preparation.

TABLE 7 Current status of documentation at AVRDC GRSU in 1987,

Soyabean Mungbean  Tomato Chinese Sweet Pepper
cabbage potato

Passport data
ey 100% 100%: 100% 100% 100% 100%2
Characterization
data entry 25% 97% 0% 37% 98% 0%
Germplasm Spring Fall - 1986 Summer -
catalogue 1988 1987 (for OP") 1988
Seed inventory
data input 0% 09" 0% 100% 0% 0%

‘ New crop in temporary database.
' Will be completed in spring 1988.
Y OP = Open-pollinated.

Finally, the distribution section ensures that the collections are put 10 maximum use.
AVRDC's genebank has one of the world’s largest and most diverse collections of
mungbean, soyabean, tomato, Chinese cabbage and pepper. Effortis carried out to distribute
these materials anywhere in the world. A total of 166 different countries anderritories have
received AVRDC germplasm. The two prerequisites to satisfy any seed request are, firstly.
that the germplasm should be used for rescarch purposes only and secondly, the quarartine
requirements of the recipient country can be fulfilled by AVRDC.

Activities of the three sections are interrelated and the interactions and major activities are
summarized in Figure 2.

In order to manage the AVRDC gencebank efficiently, a new introduction scheme was
formulated in order to centralize and streamline germplasm activities from introduction 1o
storage (Figure 3).

The unique features of the new introduciion scheme are as follows:

o Centralized registration of all new introductions (temporary number allocation);

+ Identification of duplicates - the new introductions;

» Implementation of suitable quarantine standards (in cooperation with AVRDC patholo-
gists):

» Centralized allocation of accession numbers for new introductions;

+ Centralized documentation and management of all germplasm databases.

The unique feature of the new scheme is that the accessioning process by the GRSU and
the evaluation of new introductions by AVRDC's Crop Improvement Program scientists can
proceed simultancously. Furthermore, all scientists are kept up-to-date on new introductions.
This scheme demands a close cooperation among scientists and has, so far, functioned
smoothly.

At present, scientists continue to introduce new germplasm as before. However, now, new
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muoductions are reported to the GRSU which allocates temporary numsbers, The scientists
use the temporary numiber during the preliminary sereening and evaluation until a permanent
aceession number is given by the GRSU after successful multiplication and testing for
duplicates. With this improved system.any clericat mistake or incomplete passport data can
be requested immediately from the donor betfore documentation is complete,

During conserviion, the o two-step seed-storage system is adopted for aceession regen-
cration (Ito 19720 1t allows for seeds to be multiplied for active distribution without
advancing the regeneration evele of the accession at every seed multiplication.

Sweet potato is acheterozygous vegetativelv-propagated crop. In order to maintain the
mtegrity of cach clone a seheme was formalated and implemented at AVRDC for introduce-
ton. conservation and distnbution (Figure ),

Utilization of the genetic resourcees

AUAVRDC the entire collection has been sereened and evaiuated by AVRDC scientists
forspecific traits: 137 925 seed packets have been used for varietal improvement since 1975
¢ Fable ¥). Cooperation with scientists from national programs in the sereening of germplasm
for specific characteristics is also encouraged. and during the same period. 225 054 seed
packets have been shipped to cooperating seientists in 166 countries (Table 8). The
distribution of AVRDC's materials in the Tast decade has resulted in the release by local
authorities of TI8 culiivars of the five principal crops in 35 countries (Opena et al. 1987).
Thesystematic exploitation of the germplasm at AVRDC has resulted inanaverage of 8.11%
ol the coilections being utitized for crop improvement by AVRDCs breeders (Table 9).
Many of the identified traits for biotic and abiotic stress, adaptability and vield have been
combined together (Opena et al. 1987).

TABLE 8 Internal and external seed distribution by crop, 1975-86.

Crop No. ot seed packets Total
Internal External

Sovabein 48 770 85 856 134 626
Mungbean 49911 57 156 107 067
Tomato 21 867 45 657 67 524
Chinese cabbage 8321 16 806 25127
Sweet potato’ 5011 5732 10743
White potito 2347 1401 3748
Pepper 62 189 251
Others 1636 12257 13 893
Total 137925 225054 362979

* Includes fresh roots. cuttings, in vitro plantlets and true seeds.

Future work and plans
The GRSUis working to further streamline the genctic resources activities at AVRDC with

the newly-built genebank and auxiliary facilities, and a reorganized computerized data

management system. Projects in the following arcas will be given high priority:

* Further characterization and evaluation will be emphasized both in cooperation with
AVRDC disciplinary scientists and rescarchers from national programs. It is the respon-
sibility of the GRSU to further enhance the utilization of the genetic resources within and
outside AVRDC.
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* Gapsinthe collection of AVRDCs principal crops will be identified. exploration recom-
mendations formulated. and collecting expeditions will be organized.

* Since the conservation of “minor” tropical vegetables is generally neglected. the GRSU
recently mitiated activities i this area. So far, 113 accessions of 25 “minor’ vegetables
have been acquired from Southeast Asia, the Middle East and Africa, and stored at the
GRSU,

* Training programs on genetic resources will be organized in cooperation with AVRDC's
Trainimg Office and other outside agencies.

TABLE 9 Number of accessions and percentage of each collection used in AVRDC breeding programs,

Crop Period Total Number of accessions used

CTONSeN As temale As male As female e of

or males collection

Muangbean 197285 4200 262 274 343 6.72
Tomato 1972-85 0 (45 - - 373 6.98
Sovibean 107387 2487 - - 501 4.29
Sweet potato 1973.87 1 875 132 92 13s 11.37
Chinese cabbage 197387 374 - - 90 11.19
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CHAPTER 5

Recent developments in plant genetic resources conservation
work in Southeast Asia

RICARDO M LANTICAN

Southeast Asia has its share of richness in genetic resources. But owing to population
pressure. vastareas of forest cover and natural sanctuaries of wild life have been destroyed.
Incagricultare technological advances in production could cause a displacement of a signi-
ficant segment of the natural genetic complex of crops. These realities have raised concern
and mobilized people for action to forestall any further threat of genetic crosion,

During the symposium on- Southeast Asian plant genetic resources held at Bogor,
Indonesiam 19735, aresolution was passed which called for the creation of a working group
to-assess the problems in the region and prepare a plan of action for genetic resources
conservation. The working group was convened in - the Philippines the following year,
constituted by representatives from Indonesia, Malaysia, Thailand, Philippines and Papua
New Gainea. As afinal organizational spin-of , the Regional Committee for Southeast Asia
(RECSEA) came into being under the acgis of the IBPGR. A full-time regional coordinator
wasappointed by IBPGR with headqguarters located in the FAO Regional Office in Bangkok.

The passage of a decade of work since that momentous year of organization has scen
favourable developments in genetic resources conservation in Southeast Asia. For the details
ofsuchdevelopments, tworeports have been givenexcellent reviews - The IBPGR/RECSEA
Newsletter 9. 1985 issues and IBPGR'S A cooperative regional programme in Southeast
Astafive-vear plan of action. 1985-89",

Ihis chapter highlights the significant developments mentioned in the two reports and
provides personal viewpoints on certain issues.

Significant developments in Southeast Asia

I Through independent in-country or regional initiatives of national programs and with
funding from IBPGR. work on germplasm collection and maintenance of important crop
species has intensified. Some 40 collection missions were conducted. adding to the existing
collections some 20 000 new accessions. Collection work focused on crops representing the
varied interest of participating country groups — mungbean, soyabean, groundnut, Vigna
spp.. winged bean, tropical vegetables, taro, sweet potato, yam, cassava, mango, durian,
rambutanand banana. Indonesia and Malaysia undertook collection work for rubber. oil palm
and cocoa, Collection for spices was undertaken in Indonesia. Philippines and Indonesia did
exploration work for sugarcane and coconuts,

Under a collaborative arrangement involving the International Rice Research Insti-
tutetIRR D) national centres and IBPGR, some 11 000 seed samples of rice were added to the
collection, bringing the total number to more than 75 000,

2. The international research institutes located outside the region collaborated with
national programs in undertaking comprehensive plant collection missions for certain
nandated crops and therefore. have assisted greatly in the rescue and conservation of
germplasm materials native to the region.

3. Theregional collaborative endeavours on germplasm conservation have transcended
national barriers and protective interests. There has been a sharing of genetic resources and
responsibilities for safe-keeping of the materials. For example the banana collections of
Malaysia. Thailand. Indonesia and Papua New Guinea have duplicate sets brought (o and
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grown in Davao, Philippines. The seed storage facility of the National Plant Genetic
Resources Laboratory (NPGRL) of the Institute of Plant Breedine in the Philippines has
agreed to keep aduplicate collection ol mungbean, tomato and cabbages from AVRDC and
the winged bean aceessions from Papua New Guinea. Similarly, the storage facility of the
National Gene Bank atthe Thailand Institute of Scientific and Technological Research serves
as the global repository for winged bean and the Asian tacility for maize.

o A number of countries in Southeast Asia have sotght to strengthen their activities on
germplasm: conservation by enlisting governmental support and unitying the difterent
activities on germplasm conservation among in-country rescarch agencies.

3. Countriesin Southeast Asia.namely  the Philippines, Thailand, Indonesia and Malay -
siachave established adequate physical facilities for medium- and long-term storage through
national tunding or funds provided by IBPGR. bilateral assistance of international bank loan
assistance programs. The FAO/UNDDP® projects in Laos and Vietnam have funded the
establishment of medium-term storage facilities. For in sine conservation, a number of
natiomal parks, forest reserves and botanic gardens have been established in Indonesia,
Maliysia, Thaitand and the Philippines. For vegetatively propagated crops and those which
produce recatcitrant seed. field genebanks have been established.

6. Aprogram of manpower development for the region has been pursued through short-
term technical traning in selected institutions within the region or postgraduate training in
the University of Birmingham, UK. Some 200 scientists from Southeast Asia have undergone
short-term training and 23 have completed their masters or doctoral degree program in
genetic resources work, thus providing a corps of professional people.

7. Inrecent years, plant breeding programs in the Philippines, Indonesia, Malaysia and
Thailand have devetoped their capability for intensified research. The scope of research
activities in breeding has grown to the extent that the ecotogical needs of the different
production areas are addressed. The expanded activities will thus ensure that the available
gene pools are more thoroughly evaluated. expanded in size and eventually utilized in varietal
improvement work. In fact. in planning for the succeeding five-year period of operation
(1985-89) for germplasm collection for Southeast Asia, the needs of the different breeding
programs received priority consideration through formial consaltations within each of the
seveninter-Asian working groups established for the region. The seven working committees
have met and identified the gaps in the collections that need further attention for plant
exploration,

Some issues related to genetic resources work in the region

[ The past collection activities have resulted from a hurried response to a difficult
situation and the strategies and the procedures followed lacked the refinements of adequate
sampling to represent the array of genotypes across divergent ecologies. Primitive or wild
refatives of cultivated species were noticeably lacking and probably not deliberately sought
by the collectors.

2. Characterization and evaluation work has not kept pace with the growing size of the
collections. The volume of work to be accomplished is overwhelming. The work is also
regarded as something routine and may not attract the best of talents. But the real problem
is the limited availability of expertise. in relation to the extent of the tasks and detailed
requirements in documentation. For example. the descriptor lists that have been developed
for cach crop group are very claborate. The job of characterization is important. if the
collected materials are to be made valuable to the users. 1tis also the only means by which
redundancies in the collection can be minimized. The development of a computerized data
storage and retrieval system is also essential.

* United Nations Development Programs of the Food and Agriculture Organization,
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3. The rate ofutilization of genetic resources for breeding purposes has been regarded
as oo low to warrant the high costs of exploration and maintenance, The low rate of usage
is duc in part to the time lag in detecting the presence of genetic traits in the gene pool and
verifying their worth, But it can be argued that once a valuable genetic trait has been
suceessfully utilized meenhancing the value of a cultivated crop, and as experiences have
shown.the economic pay-ofts are usually laree enough to justify the costs of maintaining the
cirtire permplasm collection,

4. Fhe costol maintenance of germplasm collections is very high and places a burden
on the usually thin resources of national programs. The encrgy requirements to operate cold
storage facilities. the high costs ofmaintaining atield genebank oralternative ways ol in vitro
culture and cryopreservation are problems that national programs will continue o grapple
with,

5. The RECSEA has had an auspicious beginning and a productive life. Now it faces
uncertainty as to its future operations and role. But even if the regional program ceases to
function, the national programs have already developed their capabilities to serve needs.



CHAPTER 6
Recent developments in Nepal

S.BOMALLA

Nepalis located between latitude 26°22" and 30°27' N and longitude between 80°12' and
8871 2'E. Iis altitude varies from 60 m above sea level in the southern plains 1o 8 848 m at M.
Everest in the north. The steep gradient of altitude, temperature and rainfall, and micro-
environments has provided a suitable homeland for genetically diverse crops and rich flora.

Food crops

The deseription of the crops and the genotypes in Nepal result from aJapanese Expedition
made in 1932-1953 (Kihara 1956). These results recognized many different Tandraces of
wheat and barley, Witcombe (1975) made a collection of wheat in the castern hills. Rice
germplasm has been fairly well collected and maintained at IRRI in the Philippines.

IBPGR sentthe special multicrops collection mission to Nepak twice under the leadership
ol Professor M. Tizuka, Japan. The first one, sent from | November 1984 (0 12 December
1984, collected germplasm from Western Nepal (Jumiba to Nepalgunj) and Eastern Nepal
(Luklato Dhankuta). The mission collected over 2 000 samples of 80 genera tlizuka 1986).
The second mission in October/November 1985 was sent out to Western Nepal (Humla to
Dipayah). This mission collected over 2 800 samples of 86 genera (lizuka 1986). In addition
to this, IBPGR arranged for intern Mr S, Yanagihara, Japan in [985-1987 to colleet
germplasm of crops for 1S months in the areas notcovered by Professor lizuka's groups. Mr
Yanagthara has collected germplasm from different parts of Nepal except from the restricted
arcas inthe northern region bordering Tibet. The duplicate samiples of the collected
germplasm have been stored and maintained at the Department of Medicinal Plants and the
Gepartment of Agriculture in Nepal.

Economic plants

The Royal Botanic Garden (RBG), Godavari has allocated a separate unit for the germplasm
conservation of Medicinal and other economic plants. Over 170 species of medicinal and
aromatic plants are being grown for demonstration and genetic conservation. More than 900
species of herbs, shrubs and trees have been growing in the garden premises. Crop germplasm
has been conserved in the form of seeds in a deepfreezer.

[nvitro culture of some of the important species of medicinal orchids, herbs and aromatic
plants. valuable forest species and fodder plants, some agriculture crops, horticultural plants,
eteis being carried outin the RBG. Important medicinal plants e.g. Rawwolfia. Atropa bella-
donna. Dioscorea, Pyrethrum ete. are also being maintained by in vitro culture. Nepal keeps
plants of great potential value ranging from important agricultural crops, medicinal and
cconomic plants, and other valuable wild plants inclusive of fruits and forest species. If these
are properly assessed and maintained through in vitro culture technique as well, they will be
anasset and of immense benefit leading to effective conservation and development of plant
resources.

Fourdifferent Herbal Farms of the Department of Medicinal Plants established at different
agro-climatic regions are test growing the potent medicinal and aromatic plants. Vrindaban
Herbal Farm at Hetauda in Southern Nepal an the central development region has so far
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collected over 5539 plants consisting of 339 accessions of medicinal and aromatic plants
belonging to 135 generaand 175 species. They are being conserved in field genebanks and
inseed store. Of these 45 have been evaluated for their agronomy and chemical constituents
(Dept ol Med. Plants 1986-87).

[naddition to this. forestry genetic resources have been conserved i siti in nine National
Parks and Wild Life Reserves of the Country. Seeds of some 40-50 indigenous tree species
have been conserved at 3-57C at the Community Forestry Development Office, Hattisar in
Katmandu.

Conclusions

In Nepal the plant genetic resources have not been collected from the northen remote and
restricted areas (for the foreigners) adjoining the Tibetan Autonomous Region of the
Republic of China. Tt is necessary to reeruit and train Nepalese personnel as IBPGR interns
for the germplasm collection from these restricted areas o colleet medicinal and aromatic
plants. the crops and fruit trees.

His Majesty's Government of Nepal is quite aware of the importance of the plant genetic
resources. With its limited resources it has started a plant genetic resources prograny. Tomake
ita fully-fledged program. the existing facilities set up in Nepal need to be extended for
fruitful achicvement. International agencices such as IBPGR. FAO. UNDP. Unesco, Japan
International Cooperation Agency (JICA), ete. in this respect. can play an important role by
providing support in accelerating the pace of plant genetic resources activities in Nepal and
leading to conservation and utilization undertaking for the benefit of country and mankind
as i whole,
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CHAPTER 7

The current status of plant genetic resources activities
i Papua New Guinea

RONCKAMBLUOU

The genetic erosion of wild and cultivated germplasm of food crops and other beneficial
plants may not be seen as serious in Papua New Guinea (PNG) at this stage. However, there
will come a time when all of this rich diversity of germplasm materials will be lost forever
i no caretul planning is put into conserving these materials now, PNG is very fortunate 1o
have joined the IBPGR South East Asian Regional Program. [t is through this program that
the country has taken an active role in conserving its diverse and rich heritance of plant
genetic resources (PGR). Although the country is limited in technical manpower and
financial resources, it has undertaken a number of PGR activities in the ficlds of exploration
and collecting, conservation, characterization, evaluation, documentation. utilization, stor-
age and training.

The two National Institutions that are involved in the PGR programs are the Depariment
of Agricubture and Livestock (DAL) and the University of Techinology (Unitech), Depart-
mentof Agriculture. The country has a national committee for PGR made up of ten personnel
from these two Institutions.

The national collections of various crops are maintained on DAL Research Stations
throughout the country. They are maintained as active collections or in “field gencbanks .

Inthis Chapter, [ will only cover the current germplasm activities in the country. What has
happened during the last ten years has been summarized ina paperentitled * A Decade of Plant
Gienetic Resources Activities in Papua New Guinea®™ (IBPGR Regional Commitiee for
Southeast Asia Newsletter, Vol. 9, No. 3, pp 13-15, 1985, R. N. Kambuou)

Exploration and collecting trips

A number of collecting trips was undertaken in past years sponsored either by IBPGR or
other International Organizations. The staff of DAL continuously collects germplasm mate-
rials when they go on garden surveys.

A major collecting trip was recently carried out in October 1986. This trip was sponsored
Jointly by IBPGR and the Japanese Government to collect traditional root and tuber CTops,
green leaf vegetables and bananas. The collecting team visited six Provinces., but collection |
was done mostly around West New Britain and the North Solomon Island Provinces. The
crops collected during the trip were: taro (Colocasia esculenta) 94 accessions, sweet potato
(Ipomoca batatas) 54, banana (Musa spp.) 52. aibika (Abelmoschas manihot) 2. cassava
(Manihot esculenta) 2, yam (Dioscorea spp.) 11 and taro kongkong (Xanthosoma spp.) 8
ACCOCSSIONS,

All collected materials except bananas were deposited at Bubia Agriculture Research
Centre in Lae. The banana materials were added to the Papua New Guinea Biological
Foundation (PNGBE) collection at Laloki Agriculture Research Station in Central Provinee.
In September this year the IBPGR and the Japanese Government sponsored a second
collecting trip to PNG covering the southern part of the main island around Popondetta, Milne
Bay and Central Provinces. The collecting trip was undertaken during the time this paper was
being written. Therefore, it is not possible to discuss the content of the collection. The main
crop species likely to be collected are sweet potato, taro, aibika and other minor root/tuber
Crops.
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The Lowland Food Crops Research Team (LFCRT) from Bubia carried out a Rapid Rural
Appraisal (RRA) on taro-based subsistence gardens in the Morobe area. They recorded 57
cultivars of taro from five villages visited. Most of these cultivars are duplicated between
villages. A total of 19 taro accessions were collected and are now held in the national taro
collection at Bubia.

Conservation and collections

The germplasm materials are maintained in three ways. All vegetatively propagated crops
are conserved in field genebanks or in active collections. The germplasm in these collections
came from all over the country. The main ones are sweet potato, banana, taro, yam, aibika,
sugarcane (Saccharum spp.), cassava and sago (Metroxvilon sagu).

All the grain crops are conserved as seeds in coolroom facilities operating at 10°-15°C.
These seeds are only stored for short-medium purposes. The seed is tested for viability every
2-3 years. Almost all this germplasm is introduced from overseas genebanks for research
purposes. The main seed collections are rice (Orvza sativa), peanut (Arachis hvpogaea),
maize (Zea mays), sorghum, soyabean (Glveine max), mun gbean (Phaseolus aurens), adzuki
bean (Vigna angularis) and winged bean (Psophocarpus tetragonolobus).

The sweet potato virus-free materials are stored in vitro or as tissue culture materials. The
invitrotechnique is new inthe country and with no proper facilities and inadequately trained
personnel, the current work program is limited to handling only sweet potato virus-free
materials.

There are a number of ficld genebanks in the country (See Appendix). The PNGBF banana
collection was assembled in the early 1970s at the University farm in Lae under the leader-
ship of Dr George Argent. Altogether approximately 800 accessions were initially collected,
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but three-quarters of the materials were lost, due to a maintenance problem. The remaining
callection was then transferred to Laloki Kesearch Station. The collection now has 286
aceessions. A total of 178 accessions from the Latoki Coliection were sent to the Regional
Banana Germplasm Colfection at Davao in the Philippines, The National collection is held
at Laloki and is maintained with internal funding.

Sweet potato collections are held at cach agriculture research station, The national
collectionis atthe Highlands Agriculiure Experimental Station (HAES), Aiyura. Some 1079
accessions are maintained. The Aiyura collection is further duplicated at Kuk Agriculture
Research Station in Mount Hagen.

The lowland collections are maintained at Laloki (953 accessions), Bubia (68), Keravat
(267). Saamandi (81 and Unitech farm (91 accessions). There are duplications in the
lowland coilections, but itis hoped that onee these collections are characterized this problem
will be solved. The Saramandi collection consists of 16 accessions from within the country
and 65 breeding lines from the International Institute for Tropical Agriculture (1ITA) in
Nigeria. The Unitech collection is made up of 30 cultivars from the local arcas and 61
breeding lines from the University Plant Breeding Program.

The National Taro Collection is held at Bubia with over 430 accessions. Keravat holds ten
accessions while Aivuraand Saramandi have 48 and 23 accessions, respectively. Again there
are duplications in these collections,

Six yam species are maintained in active collections in the country. These are Dioscorea
esculenta, D alata, D, bulbifera, D. hispida, D. pentaphylla and D. nummularia. The Laloki
collection is the largest with 187 accessions. The collection initially had 900 accessions but
most were lost through maintenance problems.

The Saramandi collections consist of 20 D. esculenta and 16 D, alata while Bubia
maintains 24 1. «lura and 39 D, esculenta.

The collection at Aiyura holds 16 D. alata, 3 D. bulbifera, 10 D. nummudaria and 1 D.
pentaphylla.

The cassava collections are maintained at four locations. The collection at Keravat is the
largest with 3d accessions. The Aiyura collection has 12 accessions, Laloki has six and Bubia
only four accessions,

The national collection of Aibika is held at Bubia with 42 accessions. Keravat has 41,
Laloki 68 and Aiyura has 5 accessions. Most of the Aibika accessions are duplicated between
sites.

The PNG sugarcane germplasm collection is held at Bubia. From the original 206
accessions collected, only 72 are now surviving. Poor maintenance of the collection has
contributed to the loss of germplasm materials. From the 72 surviving accessions, 32 are
Saccharum officinarum, 28 are S. edule. and 12 are S. spontaneum. The Aiyura collection
holds 25 varieties of S. officinarum and 4 of S. edule. while Keravat maintains 14 accessions
of S. edule. The only sugar manufacturing company in PNG, Ramu Sugar Lid, also maintains
anactive colicction of sugarcane germplasm. The collection currently holds 297 cultivars and
breeding lines all introduced fromoverseas genebanks. Fourteen cultivars from the collection
are commercially used in the production program.

The traditional green leaf vegetable collections are maintained at Aiyura and Keravat.
Aiyura maintains ten species —all have less than ten accessions each. The Keravat collection
has four lowland species cach with fewer than five accessions. The common species are aupit
(Amaranthus spp.), kumu mosong (Ficus spp.)., wlip (Guetunt gnemon), valangur (Polvscias
vertiallata), moku (Rungia klossii), nase (Ocnanthe javanica), karakap (Solanum nigrum)
and highlands pitpit (Setaria paulmifolia).

Sago is the main staple food in some parts of the country, yet very little has been done in
the country to conserve sago germplasm in ex sitie set-ups. Most edible varicties are grown
wild and are harvested from their natural habitats. The Saramandi Research Station has
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collected 13 varieties from the ocal area and they are maintained in the collection on the
station.

Well over 20 species of tropical fruits and nut trees are held at Keravat. Most germplasm
is collected within the country. There are varicties in the collections that were introduced
from overseas genehanks for research purposes.

Al cash crops such as cocoa. coftee. coconut and oil palm are now in the hands of the
Rescarch Institutes. They are solely responsible for any rescarch/development programs for
these crops, The arabica coffee collection is held at Aivura while the robusta collection is at
Keravat,

The main cocou collection is held at Keravat with 364 accessions altogether. The oil palm
germplasm is maintained by the estates responsible for oit palm production in the country.

Characterization and preliminary evaluation

Some collections have been characterized using the IBPGR descriptor lists, while others
areyetto be characterized properly. Mostof the aceessions in these collections are agronomi-
cally characterized after they are sereened by preliminary evaluation studies.

Recently no characterization work has been done on the existing collections.

The two national collections properly characterized are the sweet potato collection at
Aivura and the taro collection at Bubia. The sweet potato collection was characterized three
vears ago by DrIL Takagic an IBPGR intern to PNG at that time. The taro collection was
partially characterized last year by the members of the Lowlands Food Crops Research Team
at Bubia.

Various other coltections mentioned in the previous section are agronomically character-
ized and information is kept in manual form at cach Research Station where the collections
are located.

A preliminary evaluation study is carried out on all accessions that are introduced into the
collections. Observations are made on their overall growth performance. yield potential and
pest/discase resistance. Results from these studies enable the agronomists to carry out turther
agronomic evaluation on the promising accessions.

Some 30 cultivars of sweet potato from the Laloki collection are being sereened in
preliminary evaluation studies conducted at ten different locations in the Central Provinee.
A group of 27 tissue cultured lines from AVRDC, Fiji and Japan were released from the insect
screen house and are being evaluated in the field at Laloki station. About 65 sweet potato
breeding lines from IITA are currently undergoing a preliminary evaluation trial at Sar-
amandi. A total of 61 breeding lines from the University are being evaluated at the University
farmin Lac.

The Taro Agronomy Program at Bubia includes a preliminary evaluation of 30 accessions
of taro from the national collection. Results from this study will enable the Food Crop
Rescarch Team to identify suitable varieties of taro for advanced agronomic trials.

The sugarcane accessions are evaluated by the agronomist of the Ramu Sugar Company.
Preliminary testing is an essential part of its research/production prograni.

Further evaluation

Further evaluation in this context refers to agronomic evaluation. After the preliminary
evaluation the superior materials are selected and further tested for their agronomic potential.

There are several agronomic trials in the field at the moment on various crops. Ten banana
cultivars from the PNGBF collections were selected and are being tested in trials on variety
x sucker size x pruning and variety x bunch cover.

A number of promising cultivars from the collections are used in variety testing programs
atdifferent locatiors in the country. Some superior cultivars from the Laloki collection were
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selected and further tested ina variety x manure trial on the station. A study on the control
of sweet potato scab is being conducted at Laloki using a cultivar from the collection that is
very susceptible to the scab disease.

Some good cultivars from the national collection are being put through the variety testing
program at \iyura and Kuk.

Six common cultivars of taro from the collection are further tested tor their vield perform-
ance under farmers” field at Malahang farm near Lae. Trials are being carvied out on taro
heetles and taro leaf defoliators using some accessions from the collection at Bubia.

Some pronsing D). alata cultivars are used inastudy on the controt ol anthracnose discase
atSaramandi. The common varieties of yaminthe Sepik Provinee are being tested ina variety
trial on the station,

The current evaluation study conducted on Aibika is in the field of entomology. Some
common cultivars are used in trials on the control of aibika leat-chewing insects and the
inseet population dynamic studies are conducted at Bubia. Two popular varieties in Central
Province are being evaluated at Laloki in the chicken manure trial.

Some promising sugarcane cultivars and breeding lines are tested in variety trials in the
Ramu valley. The recent problem of the Ramu disease has prompted the agronomists and
plant pathologists to screen their cultivars thoroughly and conduct trials on the control of
Rimu disease.

Agronomicevaluationof cash crops takes place ata number of sites inthe country. Varietal
studies on cocoa are conducted at Keravat. The arabica coffee evaluation studies are carried
out at Atyura by the agronomist of the Cottee Rescarch Institute.

The DAL hybrid coconut testing program that was commenced five years ago is
continuing. The hybrid coconut blocks were set up at a number of sites in cach coastal
Province in the country. Observations are being made on the overall performances and yield
potential of cach type of hybrid under those particular environmental conditions,

Utilization and documentation

The genetic materials from the collections are utilized in two ways, in the breeding and the
production programs. There is 10t much research going on in crop breeding at the moment
owing to lack of proper facilities and technical know-how. The two on-going activities on
utilization of germplasm in breeding are carried out on coconuts and sweet potato. For
coconuts, pollen from the selected local tall varieties at Bubia and Keravat are used as a male
parent in the breeding program.

‘The sweet potato germplasm used in the breeding work at Unitech is from the collections
at Aiyura and Laloki.

Utilization of germplasm materials through the production programs has been the main
emphasis in the country. When accessions are collected or introduced they are put through
the preliminary evaluation trials. The clite ones are selected and further tested in agronomic
trials under adverse environmental conditions, After some years of testing the best aceessions
are released as varieties to farmers for production,

Eight sweet potato varieties from Aiyura have been released and are widely grown in the
highland arcas for subsistant consumption. Seme varicties from the collections at Bubia,
Keravat and Laloki have been distributed to farmers for production.

Three varieties of dessert bananas from the PNGBFE collection are now commercially
grown in Lac and Port Moresby for the domestic market. A number of cooking bananas have
been distributed to subsistence farmers for cultivation.

The common cultivars of taro, aibika, yam and cassava are grown widely by farmers
throughout the country for subsistence consumption.

The germplasm collections in the country are documented in two ways — in computer
form and as manual records.
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Computer documentation is done for two collections only. The national sweet potato
collection at Aiyura and the taro collection at Bubia. The taro collection is partially docu-
mented. Those accessions not documented on the computer are kept in manual form. The
sweet potato documentation was done by the WNDP/FAO Team in Fiji with focal assistance
from DrH. Takagi. The computer printout and the diskette are held at Kuk Research Station.
The taro documentation wias done by Dr Peter Cox and the Lowlands Food Crops Team on
acomputer at Bubia

Information on other collections discussed in the section on conservation and collections
above wre documented manuaity and are hept in files at each research station where the
collections are held.

Storage

The germplasm of seed crops like grains and vegetables are maintained in short =medium
term cool-room stroage facilities based at each research station. the cool-room storage
facilities operate at 10°=15°C and are notalways reliable especially inarcas where power cut-
offis frequent. Germplasm of rice, maize, sorghum and pulse crops are conserved under these
conditions. Most of this germplasm is introduced from overseas genebanks for experimen-
tal purposes.

The winged bean germplasm is local, bred by the University through their plant breeding
program. A complete collection of 510 accessions of winged beans is currently held at the
Regional Genebank in the Philippines.

Conclusions

The general ideaof conserving crop germplasm in collections is being recognized by many
agriculturalists in the country. The agricultural administrators and higher authorities are to
some extentaware of the importance of preserving the germplasm materials of various crops,
particularly the traditional food crops that have a rich diversity of genetic materials,

The country "s main concernat the moment is in the maintenance of the existing collections
and to ensure that the diversity in food-crops germplasm are safe from genetic erosion.
Emphasis is also placed on utilization of selected varieties from the collections for farmers’
production.

Not much is being done in the country at the moment in the fields of characterization,
documentation and utilization (breeding). A shortage of funds and inadequate technical
know-how are the main obstacles to progress in PGR activities in PNG.

The country is gratetul to IBPGR through the South East Asian Regional Program for all
the financial and technical assistance given during the past years.

We appeal to IBPGR to continue its support and financial assistance in future, for the
betterment of conservation of plant germplasm.
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APPENDIX
Field genebanks of traditional food crops in PNG
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Common
name

Koots, tubers & starch

(1 Sweet
potatoe

(2) Taro

(3) Yams

(4) Cassava

(5) Banana
(6) Sago

Leafy vegetables
(1) Aibika

(2) Aupa
(3) Kumu
mosong

(4) Tulip
(5) Valangur
(6) Moku
(7) Nase

(8) Karakap

(9) Highlands
pitpit

Sugarcane

Scientific
nameg

Ipomoca batatas

Colocasia esculenta

Dioscorea spp.
D. alata

D. esculenta
D. bulbifera
D. nummularia
D. pemaphyila

Manihot esculenta

Musa spp.

Metroxylon sagu

Abelmaoschus manihot

Amaranthus spp.

Ficus capiosa

Gnetum gnemon
Polyscias verticillata
Rungia klossii
Ocnanthe javanica
Solanum nigrum

Setaria palmifolia

S. Saccharum spp.
S. officinarum

S. edule

L. spontuneum

No. of

aceessions®

1079

953
68
267
91
81

430
10
48
23

187
56

59
3
10
l

34
12

42
41
68

L ]

-—

297

46
12

Locations

HAES (Aiyura)

Laloki

Bubia

LAES (Keravat)
United Farm (Lac)
Saramandi

Bubia

LAES (Keravat)
HAES (Aiyura)
Saramandi
Laloki
Saramandi, Bubia,
Alyura
Saramandi, Bubia
Atyura

Aiyura

Aiyura

LAES (Keravat)
HAES (Aiyura)
Laloki

Bubia

Laloki

Saramandi
Bubia

LAES (Keravat)
Laloki

HAES (Aiyura)
HAES (Aiyura)
HAES (Aiyura)
LAES (Keravat)
LAES (Kcravat)
LAES (Keravat)
HAES (Aiyura)
HAES (Aiyura)
HAES (Aiyura)
HAES (Aiyura)

Riinu Sugar Company
Bibia. Alyura

tHubia. Aiyura, Keravat
Jubia

L Asar 3 August 1987
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CHAPTER 8

Utilization of genetic resources for productivity
of oil crops in Korea

JUNG L LEE

The utilization of vegetable oil in Korea is lower than that of any other nation. Starch is a
majorcomponent of Korean traditional diet. Most oil has been for condimental use in Korean
tood. particularly from sesame and perilla. Industrialization has enriched the social economy
and has led toan increase in consumption of vegetable oil. Not only has the pattern of use
changed to salad from flavouring oil. but also has consumption increased.

Sesame cultivation has been thought to be very long established in Korea. The record
shows thatitspread to Japan in AD 538 through *Backje” one of the medieval countries. and
itwas thought to be introduced from ndia or China with Buddhism,

Records onrapeseed are found in Economy of Forestry written in 1643, and much carlier
than Japan. But its cultivation, for use as salad oil, has been intiated only since 1957,

To ensare self-sufficiency in sesame. studies on sesame and its cultivation and breeding
have been emphasized. By price stabilization and farming loans. production has been
promoted. and sesame has become one of the most contracted cash crops. So far no variety
has been improved in resistance to diseases. This has become the most important objective
tn sesame breeding along with the search for high yields. Diverse germplasm collection from
the temperate region is needed for this resistance breeding.

Rapeseed grown by double cropping after rice has a great yield potential to support self-
sutficiency in salad oil in response to increased demand. The quality and price should be
imcreased to that of soyabean and Canadian canola oil and its production needs support and
promotion. Productivity of rapeseed could be increased by development of hybrid varicties.
And because the male sterile and maintainer line has already been developed in Korea,
germplasm collection has to be focused on restorer line source.

Utilization of genetic resource in sesame and rapeseed
Although oil has been one of the most lacking components in traditional Korean diet, total
national demand has greatly increased from 30 000 ton two decar 2s ago 10 400 000 ton in
T986. The ratio of self sufficiency has dropped from 74% 1o 18% during the same period.
Morcover, vegetable oil consumption is expected to continuously increase (Table 1).
Asmuchas 474 of the vegetable oil consumed is found to be of Tow quality and containing

TABLE 1 Current supply and demand of edible oil in kilotons.

Year 67 70 ‘75 ‘R0 '83 '86
Production 21 22 23 41 32 70
Import 8 30 74 158 278 324
Total 29 52 97 199 310 394
Domestic supply (%) 74 42 24 21 12 18

Source: Ministry of Agriculture and Fishery
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much saturated fatty acid. Furthermore, more palm and coconut oils which are cheaper in
price are being imported (Table 2).
Twomajoroil cropsin Koreaare sesame and rapeseed. Sesame is one of the mostimportant

TABLE 2 Domestic consumption of several Kinds of edible oit (1986).

. Vepetable oif Animal oil
Edible

ol Rice
supply Sesame Rape Penills bran - Sovabean Palm Coconut - Others Total Tallow  Marine  Others Total
LAY R R 22 480 278 1417 KO0 230 206 3222 533 10.4 82 719
100 33 0.0 1.2 7.1 30.0 220 5.8 5.2 RLE 135 2.6 21 182

Note: Palm+Coconuts Animeal = 1839 Kt (460.7%)

oil sources. It is mainly used for condimental oil and for giving flavour to side dishes. Some
90 000 hectares are planted for sesame which is the largest among the oil crops in Korea.
Domestic production of sesame is 48 000 ton per year, being able to supply 98% of total
national demand. National self-sufficiency is expected to be achieved in the near future.

Rapeseed has achigh yield potential to support self-sufficiency in vegetable oil and has
great value if used in double cropping systems as a winter crop after paddy rice. But the area
under cultivation has been reduced gradually. because of its low price. Itcannot compete with
imported sovabean. But in spite of its low price its use as a winter crop after rice gives extra
income to growers during the winter season.

To promote the production ol sesame and rapeseed, it is necessary to increase the yield
potential urgenty tomake them more competitive inprice compared with imported soyabean.
The objectives of sesame improvement involve manipulating the branch type plant with
tricapsule. tinstead of the non-branch type with a monocapsule) and changing the intlores-
cence to determinate from indeterminate type to have balance with extended sink capacity
and source. And the other target is to introgress the reststant gene of major diseases attacking
sesame severely, such as seedling blight, phytophthora stem rot caused by P. purasitica,
fusarium wilt cased by £ vasinfectum and leat blight caused by Corvaespora cassicolato the
ideal plant type. Such plants would increase yield 50% or more (Table 3).

TABLE 3 Sesame breeding poals.

Character Goal

Plant type Nonbranched: tricapsule, bicarpellate Branched: tricapsule, tetracarpellate
Germination at low Below 12°C

temperature

Inflorescence Determinant

Disease resistance Scedling blight, Phytophthora, fusarium wilt, Corynespora

Oil content Above 55%

Oil quality High linoleic acid

Above 50%

Seed coat colour White, Black
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In rapeseed, first of all. oil quality should be improved to enable it to compete with
soyabean and sunflower as a salad oil. Oil quality can be improved by changing its fatty acid
composition, reducing the erucic acid and eicosenoic acid, which is toxic to humans. Qil cake
can be fed to tivestock when its quality is improved by eliminating the toxic substance
glucosinolate, Early maturity and cold tolerance should be enhanced for double cropping
with rice and to allow cultivation further north. The last goal is to develop a hybrid variety
by utilizing the cytoplasmic-genetic male sterility to avoid yield reduction caused by in-
breeding in pedigree sclections. Achievement of these sequential objectives in rapeseed
breeding would make it possible to be self sufficient in vegetable oil (Table 4).

TABLE 4 Rapeseed breeding goals.

Character Goal

Oil content Above 50%

Oil and gas quality Zero-erucic acid, low-linolenic +id, low-glucosinolate
Seed coat colour Yellow

Maturity Early

Cold tolerance Survival at lower than -5°C

Discase resistance Sclerotinia

High yield Above 300 kg/ha in pedigree

Above 500 kg/ha in hybrid

The actual breeding program on sesame and rapeseed was begun nearly twenty years ago
in Korea. Hybridization started in 1954 for sesame and 1964 for rapeseed.

Germplasm collection has been successful for breeding material compared with other
crops and collection arcas are restricted to certain countries. The germplasm in continental
China is thought 1o be very plentiful and diverse in variability of traits, and to be casily
adapted to our country because of the similarity of climatic conditions in the Korean
peninsula, so it is very necessary as breeding material for sesame and rapeseed. But few
Chinese accessions are used for breeding material in Korea. Among a total of 797 sesame
germplasm collections, most of the accessions are the Korean landrace except for 281
accessions introduced from 13 countries, and 634 collections of rapeseed introduced from 12
countries including mainly Japanese collections (Table ). We screened the collections for
some desirable traits and selected 4 variceties with high oil content, § varieties with good
quality oil high in linolcic acid, 351 varicties of branching type, 491 varieties of tricapsule
and 3 varicties of determinate type (Table 6). Some varieties showed resistance to seedling
blight (3). 10 phytophthora stem rot (2), and to leaf blight (4) (Table 7).

Inrapeseed, 35 cultivars or lines of high oil (over 45% ). 290 with zero-erucic acid and 283
with low glucosinolate (lower than 3 mg/g) were selected as the breeding materials

TABLE S Source of sesame and rapeseed germplasm collected.
]

Crops Total  Korea Japun  Taiwan Europe Canada USA  Africa India USSR Aust.

Sesame 797 544 53 15 71 - 55 26 22 10 |
Rapeseed 634 109 274 20 200 10 4 - - 4 13
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TABLE 6

Sesame germplasm evaluation for varietal improvement.

JUNG IL. LEE

Characters

No. of
varieties

Oil
content
(> 559%)

Linoleic

acid

(> 50%)

Branched

351

3 capsules

491

Determinate

Indehiscent

TABLE 7

Sesame germplasm evaluation to breed disease-tolerant varieties.

Discases

No. of
virieties

Seedling blight

Phytophthora blight

Leal blight

(3]

Resistance
MR M
15 75
2 28
22 230

Tolerant varieties

Suwon 20, Nigeria, Nepal

Nigeria, Nepal®

Kwanguye, Renner,
Nigeria, Nepal

" Nigeria and Nepal collections are wild species

in the quality improving program. Five lines with high quality of oil cake were obtained as
cytoplasmic-genetic male sterile plant, and 1105 cultivars were classified as restorers with

filament index over 70% for the hybrid breeding (o deve
(Table 8).

lop high yiclding F, hybrid varieties

The characters transferred from germplasm were plant type and discase resistance gene
in sesame, and oil and oil cake quality and cold tolerance in rapeseed (Table 9).

TABLE 8

Rapeseed germplasm evaluation for varietal improvement.

Restorer
il Zero-erucic Low Zero-erucic fertility
Characters  content acid glucosinolate + low index  CGMS CMS
(5-50%)  (00.99%)  (0-2.99 mg/g)  glucosinolate  (>70%)
No. of
varieties 35 290) 283 179 1 105 5 3
TABLE 9 Number of varieties used for crossing program.
Tolerant Seed
Crop Quality to Early Cold Plant coat Yielding
diseases maturity tolerant type colour
Sesame 47 236 47 - 357 49 156
(’54-87)
Rapesed 81 27 56 72 19 11 87

('65-'87)
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The cultivar developed by the pure line selection method in the carly breeding period
showed 400 kgp/ha, but Hansecomggae showed 930 kg/ha, which is the first variety developed
forbranching type and tricapsule and released recently. The breeding target of sesame would
be focused on introgressing the disease resistance and determinate inflorescence gene to this
variety (Figure 1).

91 A

87
Yield T
69

61

50

Year 1965 1970 1975 1978 1980 1981 1982 1984 1986

Variety Andong  Suwon Suwon Suwon Pungnyon Kwangsan Danbacck Ahnsan  Hanseum
(Local vary) 5 9 21

FIGURE 1 Increase of sesame yield by varietal improvement in Korea.

Rapeseed yield was increased to 2.89 t/ha with the developed cultivar by pedigree method,
while the landrace showed only 1.94 t/ha. It was thought that to increase this yield level is
difficult in rapeseed, because of its inbreeding depression. By hybrid breeding the varieties
Cheongpungyuchae and Tankyo 19 were developed. These hybrids showed dramatic yield
Increases.

Rapeseed varicties Yongdang and Nojeock have zero-crucic acid and Nachanyuchae,
Yeongsanyuchae, Hallayuchae and hybrid varieties Cheongpungyuchae and Tankyo 19 have
sero-erucic acid and low glucosinolate, that is, they are double zero varieties (Table 10;.

TABLE 10 Improvement of rapeseed quality in Korea.

Released 0il Protein Fatty acids (%) Glucosinolate (mg/g)®
Variety year Yield  content  content

(kwhay (%) (%)  Oleic Linoleic Erucic BI Pl OZT Total

Yudal 1909 2046 450 225 10.6 12.4 568 182 061 Re9 1102
Tower 1975 1938 425 19.7 58.3 225 00 053 000 113 L.72
Yongdang 1977 2128 430 249 68.5 21.2 0.0 213 162 11.21 1496
Nozeog 1979 2640 420 24.1 54.4 28.1 0.0 125 119 850 1094
Youngsanyuchae 1980 28R9 439 245 66.0 17.1 0.0 006 003 00 0.42
Nachanyuchae 1980 2752 433 239 58.7 227 0.0 028 017 058 1.03
Hanlayuchae 1985 2550 445 2401 048 18.9 00 045 030 076 1.51
Cheongpungyuchae (F) - 1983 4120 45,0 24.2 63.9 19.2 0.0 020 055 050 1.25
Tankyo 19(F ) 1985 4570 448 234 61.0 21.6 0.0 036 047 0.60 1.43

1 BI: buteny lisothiocyanate; P 4-pemenylisothiocyanate; OZT: S-vinyl-2-oxazolidinethione,
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To increase sesame vield to 1.5 tha, it is necessary to acquire germplasm resistant 1o
discases and to introgress desirable characteristics. and to extend the sink capacity 1o balance
with source potential of sesame plants. The complex discase resistant gene could be
introduced to the cultivated species from the wild species. The barriers to interspecitic cross
meompatibility between cultivated and wild sesame could be overcome by tissue culture,
which is commonly used in other crops. The indeterminate branching type plant with
uicapsule can be supplemented by the determinate inflorescence gene by the mutant
developed by Ashisi in Isracl.

Germplasm used in producing high yvielding rapeseed should have proper characters for
hybrid breeding. Because rapeseed is outcrossed as much as 259 inbreeding is depressed
and causes yield reduction when the seed produced by self polination is used to keep seed
purity in pedigree selections, Actually yield dropped 149 afterself pollination for three years
(Table 11).

TABLE 1L Yield depression (kg/10a) by three generation selfing in rape (Mokpo),

Inbreeding Selfing yield Depression
Varieties yield (3 years) (%)
Norin 14 279 246 12
Norin 25 264 238 10
Norin 26 276 224 29
Yudal 329 279 16
Mecan 287 247 14

To overcome this inbreeding depression, hybrid breeding was attempted by using
cytoplasmic-genetic male sterile (CGMS) plant. A CGMS line, Mokpo-MS was deve-
loped from the cross between cytoplasmic male sterile Tower and genetic male sterile Lsuzu
(Figure 2,

The oil and oil cake quality was improved in this male sterile line. The filament and anther
does not grow at all, but also the sterility does not restore in high-temperature growing
conditions unlike the Shiga and Tompson CGMS (Table 12).

TABLE 12 Comparison of flower characters and quality in each male sterile line.

L Flower characters Quality
.ine -~ =
Lengthof  Lengthof  Relative Oleic  Erucic  Glucosinolate
filameny anther position
(mm) (mm) (0-6) (%) (%) (mg/g)
Shiga 31 1.2 241 9.6 544 13.20
Tompson Bronowski 4.2 1.2 32 0.8 9.6 0.81
Yudal 3.2 1.2 214 10.4 58.2 11.74
Mokpo 0.2 0.0 0.0 65.1 0.0 0.78

F, progenies of 511 combinations crossed with the Mokpo-MS showed heterosis in yield
and some agronomic traits. The progenics flowered four days later, grew more vigorously in
plant height and number of branches with longer fruiting branch, bore more pods, and
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FIGURE 2 Pedigrees of cytoplasmic-genetic male steritle line, Mokpo-MS.
Note: X indicates discarded plant (Lee et al. 1980)

TABLE i3 Comparison of agronomic characteristics between F and its mid-parent in rapeseed.

Genera- Date Plamt Ear Pods  Total First Density  Pod  Seeds  1000-  Seed
tion flower  ht. length fear  branches branches  pod setting  length  /pod  seeds  wt/plt.
(cm) (cm) (cm) (cm) () (g)
MP 47 119 41 37 6 14 R.0 6.1 26 2.5 172
I 411 164 40 45 48 18 78 5.5 26 29 263
F-MPp 4.0 45 8 8 12 4 -0.2 -0.6 0 0.4 91

produced significantly heavier grains than the mid parent of them. The heterosis was
expressed in most of the yield components as increasing yield (Table 13). Some 463 com-
binations or 91% of total crosses produced higher yield than mid parent (Figure 3).
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FIGURE 3 Heterosis of I, using MS and high quality restorer.

Hybrid varicties Cheongpungyuchac and Tankyo 19 were developed by using the Mokpo-
MS in 1983 and 1985 respectively. They were improved in oil and oil cake guality and
showed as much as 55% and 67% yield increase compared with the check variety.
Cheongpungyuchae produced 4.12 t/ha and Tankyo 19 produced 4.43 t/ha in regional yield
trials (Table 14),

Many crosses were made to develop the maintainer for Mokpo-MS. Four B- lines were
selected as maintainers by introgressing the male sterile gene from the fertile sister line of
Mokpo-MS 1o Altex bearing normal cytoplasm (Figures 4 and 5).

TABLE 14 Agronomic characters and quality of F, varietics developed in Korea,

Agronomic characters Yielding Quality
Hybrids (1))
Plant  Branches  Ear  No. of pods No. of seeds  Yield  Index Erucic  Glucosinolate

height length per car per pod acid

{cm) (cm) (kg/100) (%) (mg/g)
Cheongpung 172 3 47 46 30 412 155 0.0 1.25
Tankyo 19 165 34 41 47 31 443 167 0.0 1.49
Nachan 152 25 32 28 27 266 100 00 . 103

(check)
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TABLE 1§ Classification of F fertility restoration based upor. rertility index (F.1.) from relative
position of anther to stigma and width of petal.

Restoring F, Partial restoring Non-restoring F No. of

(Above F.L70) F, (F.L30-69) (Below F. 1. 39) observed Frequency
Source plants

No.of F,  Rate No.ofF Rate NoofF, Rate

(%) (4) (%)

Europe 86 74 18 16 12 10 116 74:16:10
Japun 2 5 14 39 20 56 36 5:39:56
Korea 2 25 2 25 4 50 8 25:25:50

Domestic bred .

lines with 412 81 25 5 74 14 511 81:5:14
sero-eru, and

low-gluco.

Total 502 75 59 9 10 16 671 75:9:16

Selections were made for restorer line by filament index from introduced cultivars and
quality improved pedigree lines. We were very fortunate to obtain 86 cultivars from
European collections and 412 lines among the pedigree selections as restorer R-line for
Mokpo-MS (Table 15). They showed great variability in agronomic characteristics and could
be utilized for successtul hybrid breeding.
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CHAPTER 9

Utilization of exotic germplasm in sweet potato breeding

MASASHE KOBAYASHI AND SATOSHE SAKAMOTO

Since the introduction of the sweet potato into Japan about 370 years ago, the cultivated area
had spread to a major portion of the country in a span of two centuries. A cultivated arca of
about 150 000 ha in 1880 increased to 440 000 ha in 1949, Although the acreage began to
deerease after 1950, over 300 000 ha of sweet potato plantings were still maintained mainly
as raw material for starch production until 1965, Then, a drastic decrease of the acreage
oceurred due tocompetition with starch produced from imported raw materials, The totalarea
planted with sweet potato had decreased at the rate of about 1047 per year and 63 000 ha of
sweet potato cultivation was reported in 1986,

The average yield was about 12 t/ha before World War 11 and it increased gradually
attaming 22 t/hacat present by the adoption of improved varieties and improvement of the
cultivation method.

The main use for sweet potato before the World War I was as food for farmers. During
the War about 20% of total production was used as raw material for alcohol production. After
the tood shortage ceased around 1950, the sweet potato was mainly used tor starch production
andabout 504 of the total was consumed for starch production in 1963, At present. the figures
for sweet potato consumption for table use, raw material for starch production, animal feed
and aleohol productionare 40. 30, 13 and 8% of total production. respectively (MAFE 1982-
86). The trend of consumption is shown in Figure 1.

Roles of exotic germplasm

Systenuatic sweet potato breeding started in 1962 in Japan by using indigenous varicties
as parents forcrossing. Several excellent cultivars such as Norin 1, Norin 2 and Okinawa 100
were released as aresult of the initial phase of sweet potato breeding.

However, additional improvement by breeding became increasingly difficult to attain
mainly due to common genes amongst parental varieties. To overcome this ditficulty, exotic
breeding materials from other countries and wild relatives were used as gene sources to
mtroduce new superior genes into offspring plants. They played important roles in the
breeding of new cultivars.

More than 130 cultivars have been introduced mainly from South America, Oceania and
Southeast Asia. D.E. Yen's collection which includes about 230 cultivars of Southeast Asia,
Oceania and South America was also introduced and some of the varieties have been used
as genetic resources for the breeding (Takemata and Sakai 1975).

About 300 accessions of wild relatives have been collected and introduced into Japan
mainly from tropical America — Mexico. Guatemala, Colombia, Ecuador and Costa Rica.
They were classified into 2 groups based on crossability with the sweet potato and about half
of them belong to group | which could be crossed with the sweet potato. Ipomoca trifida is
the only species belonging to group | and there are diploid. tetraploid and hexaploid forms
in it (Kobayashi 1978). 1. trifida has also been used as crossing material to inrroduce new
genetic diversity into the sweet potato. After the production of interspecific hybrids., different
varieties of sweet potato should be used as the recurrent parent in backcrosses to eliminate
undesirable characters of wild species and accumulate the useful genes relating 10 yielding
ability and quality (Sakamoto 1970).
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FIGURE 1  Trend of consumption of sweet potato in Japan.

Methodology of using genetic resources for breeding

To use the genetic resources as parental materials, it is necessary to characterize them.
Some 50 morphological and 25 biological characteristics are being investigated for all
genetic resources at 3 National Breeding Laboratories in Japan. The results of evaluation of
wild relatives, Ipomoea trifida. for southern root-knot nematode, Meloidogyne incognita,
and coffee root-lesion nematode, Pratylenchus coffeae, are shown in Table 1 and most
aceessions were recognized to be highly resistant to both nematodes (Sakamoto 1979). Some
varieties in Yen's collection were reported resistant to block rot, Ceratocystis fimbriata, and
scurt, Monilochaetes infuscans (Yen 1974,

Some germplasm in Yen's collection shows bush or erect type growth habit which is
suitable for mechanical vine harvesting (Tukemata and Sakai 1975).

Up to now. single crosses have been mainly employed for sweet potato breeding in Japan
and exotic cultivars have been crossed in some cases with the Japanese cultivar so as to
mtroduce new morphological or physiological genes from the foreign cultivar or accumulate
the resistant genes. To use wild relatives as parental materials, it is recommended to use a
cultivar as the temale parent to gethigher seed set percentage and cultivar as recurrent parent
of back crossing.

Organization of sweet potato breeding

Hybrid seeds were produced in Okinawa and used for breeding at several Prefectural
Agricultural Experiment Stations in the carly era of sweet potato breeding in Japan. At
present, sweet potato breeding is being carried out systematically at 3 National Breeding
Laboratories: hybrid seeds produced at Ibusuki (K yushu National Agricultural Experiment
Statton) are sent to Kumamoto (Kyushu Naztional Agricultural Experiment Station) and
Tsukuba (National Agriculture Research Center, NARC) forselection. All genetic resources
have been conserved and evaluated at these laboratories and most of them have been
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conserved at several places to minimize the risk of loss due to rotting or drying up during
storage. Promising fines selected at the Breeding Laboratories are distributed to the related
Prefectural Agricultural Experiment Stations forregional trials. The lines that show excellent
performance are finally registered as new varieties and released for extension in the
recommended area by the Ministry of Agriculture, Forestry and Fisheries. Up to date, 40
cultivars have been registered by MAFF,

Besides that system. sweet potato breeding is being done at some Prefectural Agricultural
Experiment Stations and some private companies on a small scale.

TABLE The degree of resistunce of wild relatives of 1. trifida to nematodes.
Accession No. Line No, RKN  RLN Accession No. Line No.  RKN  RLN
Polyploidy Polyploidy
K123 Tl S R K233 Lil R M
o 2 M-R R 2 R R
4 R R x 3 R M
5 S R 4 R M-R
6 M-R R 5 R R
7 R R 6 R M-R
8 R R 7 R R
9 M M K300 | R S
10 R R 2 R M
I R R 4x 3 R R
12 R R 4 R R
13 S S 5 R R
14 R R 6 R R
15 R R 7 R R
16 R R K222 ] R R
17 R M-R 2 R R
18 R M 3 3 M MR
19 R R 4 R R
20 R R 5 R R
102 M R 7 R R
103 R R Sweet potato Norin | SS R
IB 63001 R M 6x Norin 2 R S
63002 R R Koganesengan M M
bx 63003 S M Minamiyutaka R R
63004 R R
63005 R R

RKN: Degree of resistance for southern root-knot nematode, Meloidogyne incognita.
RLN: Degree of resistance for coffee root-lesion nematode, Pratvlenchus coffeac.
R: Resistant; M: Maoderate: S: Susceptible: SS: Very susceptible.

Breeding objectives

Different breeding objectives for sweet potato are set up according to the consumption of
the varicties. Varicties for table use are required to possess delicious taste, attractive
appearance (ic. good skin and flesh colour and good shape) and storability. Varieties for
starch production should have high yielding ability and high starch content. Varietics for
animal feed require vigorous vine growth and high yield of storage roots with high dry matter
content. Foralcohol production, varieties for starch production are in use. In addition to those
special characters, acceptable high resistance to major pests and discases are required
generally,
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Major pests and diseases of sweet potato in Japan are nematodes (southern root-knot
nematode. Meloidogyne incognita, and Cottee root-lesion nematode, Pratvienchus coffeae),
black rot. Ceratocystis fimbriata, stem rot, Fusarium oxvsporum 1. sp. buatatas, soil rot,
Streptomycees ipomoca, and,viruses (feathery mottle and russet crack-like symptom). Since
sweet potato weevile Cyvlay formicarius, and scab, Shaceloma batatas, have not been
observed on the main island of Japan, selection for these insects and disease has not been
done.

Results of breeding

Official release of an excellent variety "Koganesengan™ in 1966 highlighted the value of
foreign varicties. This varicty takes in the good attributes of Pelican Processor (a US variety)
and’I. No. 3 (an Indonesian variety). In comparison with other standard cultivars Koganesen
gin is 2-3% higher in starch content, 20-30% higher in yield and shows a short growing
period adapted for carly harvesting. This cultivar covered 30% of the total sweet poltiato
cultivating arca of the country in 1971, It has, however. some defects in resistance against
nematodes and black rot. and in storability (Sakai et 2L 1967).

"Minamiyvutaka’ registered in 1975 was bred to improve the above defects of Koganesen-
gan. For the breeding of this variety, a wild relative, Ipomoca trifida. was used as parental
material to improve the resistance to nematodes and black rot and storability. In this case,
sweet potato was used twice as a recurrent parent of backcerossing to improve the economic
traits of wild relatives, The pedigree of Minamiyutaka is shown in Figure 2 (Sakamolto 1976).

“Tsurusengan®. released in 1981 is a cultivar with high vine vield for green animal feed.
This cultivar was developed from the cross between F53-6 and a lapanese selected line, F53-
6 isaline selected from progeny of the US cultivars. Tsurusengan shows erect plant type with
vigorous top growth and recorded 177 ton in fresh vine weight per hectare by cutting at three
times under direct planting cultivation (Shiga et al. 1983).

"Benihayato™ is a new cultivar for cooking and processing released in 1985. This variety
developed from the cross hetween Centennial (a US cultivar of high carotene content) and
aJapanese breeding line which was derived from the second backcross generation of inter-
specific hybridization between cultivated sweet potatoand wild species, 1. trifidu (Sakamoto
ctal. 1987).

T. No. 3
(Indonesia)
Benikawa I Kakei 7-120
Genki . J ~ Kyushu 12 -/ v
-~ Koganesengan -
~ Kanto 3 -~
Shichifukuy - Pelican processor —
298 (USA)
Tsurunashi- - — Minamiyutaka
genji
Tsurunashi- - — Kanto 48 -
genji
. ~ Kakei 3-268 -
Yoshida - J
Shichifuku r Norin 2 - — Kyushu 58
Okinawa | Pelican processor -
100 LM 17
Choshu

Ipomoea irifida -
(K123-11)

FIGURE 2 Pedigree of Minamiyutaka.
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Conclusion

Production of the several successful varieties demonstrates the value of exotic germplasm
to broaden genetic background and to introduce specific attributes (i.c. resistance to nema-
todes). Allelic diversity in sweet potato is well known to result in higher yield (heterosis).
Exotic germplasm is an excellent source of such allelic diversity to improve yield potential
of sweet potato cultivars in Japan. Successful use of the /. trifida accession presents a good
example of the value of wild germplasm for allelic diversity and for specific attributes (i.e.
nematode resistance).
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CHAPTER 10

The development and utilization of maize germplasm in China

HSU CHI-FENG

Maize is one of the main crops in China. After rice and wheat, it ranks third. In north China
it is the second most important crop after wheat. Itis distributed in a broad arca between 20°
and S0°N., from the Northeastern region to the Southwestern provinees, forming a diagonal
belt across the country. The total area sown to maize is about 18,15 million hectares and the
total annual yield is 64.25 million tonnes (Tong 1987). After America, China has become the
second leading maize producing country in the world.

Along with developing and utilizing the maize germplasm, as well as using single cross
and double cross hybrids to replace the varieties, the yield and quality of maize have been
raised increasingly. The maize improvement work in China, in the last thirty years, has gone
from using local varieties. intervarictal hybrids, double cross hybrids and finally single cross
hybrids. Up to now, the single cross hybrids occupy about 80% of the total maize acreage.
The average yicld per unit area increased from 1,43 t/ha in 1952 to 3.54 t/ha in 1985, The
higher yield (163% more than 32 years ago) has turned maize from being a staple food for
people 1o a feed for animals. In addition, about two million tonnes have been exported
annually in recent years,

Since maize did notoriginate in China, there is not too much germplasm for breeding work.
According to the written record, maize was first introduced into Southeastern China about
450 years ago, and probably within the last 200 years, it had spread in most provinces and
gradually formed many local varicties They numberabout 11 000(BAU 1976). With respect
to the sources of inbred lines, much attention was paid in the use of these varicties and the
inbred lines usually selected from them. At the same time, great emphasis was put on
introducing exotic germplasm including varieties, population, synthetics, inbred lines and
hybrids. Several hundreds of breeding materials have been introduced from more than 20
countries such as USA, Mexico, ltaly, France, Yugoslavia and some Asian countries. Before
being released. they should be isolated and inspected by the Institute of Germplasm. The
evidence revealed that when the materials came from regions of similar latitude and climate
condition, as well as not having serious shortcomings, they could be used immediately. But
most of them have to be acclimatized or improved and then used as source materials.

The most efficient work is introducing exotic elite inbred lines especially those having
better combining ability, wide adaptability, resistance to prevailing diseases and no photo-
sensitivity. They are generally combined with domestic inbred lines into various hybrids. The
breeding of single cross hybrid “Zhong Dan No 27, combined with exotic line Mo17 and
domestic line Zi 330, was the most remarkable example. The planting area is about 1.97
million hectares and the increased production added up to 1.75 million tons within the last
cight years (Li 1987),

[norder to reduce the damage from diseases in maize production, some mutant genes have
been introduced to improve the domestic materials. In the late seventies, single major re-
sistant genes, He HE, He L HE and thmy have been introduced and transterred into different
lines so as to raise the resistance to northern leaf” blight and southern leaf blight. By using
multiple resistant inbred lines and their hybrids, the serious prevailing discases have been
controlled and the damage reduced.

Another success involves developing and utilizing hybrids with high lysine content.
Lysine and tryptophane are the limiting amino acids to man and other monogastric animals
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such as pigs. Normal maize contains low levels of |
0.05% respectively, on the basis of whole kernel weight, while with maize
content it is 0.4% and 0.103% .
children. Hence many countries have been developing the
breeding. Since 1974, the source materials ofhigh quality prote
introduced from Yugoslavia, USA and CIMMYT*. and

started in China.

Opaque-2 gene (op-2) is a single recessive mutant ge
phenotype on endosperm and raises the pereent
should be transferred into normal lines
For example, to convert normal line
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ysine and tryptophane, only 0.2% and
a high lysine
The nutritive value is similar to defatted milk powder for
program of quality protein
insuch as opaque-2 have been
a quality breeding program has

ne with the expression of opaque
age of lysine and tryptophane (Table 1), It
and then combined into high lysine content hybrids.
Mol7into op-2 line Mol17, you should cross it with op-

2 source material, back cross F, with normal line Mol7 and selfcross several times. The
following diagram shows the procedure:

Genetic
constitution(%)

Buack crosses and self crosses

5052 Mol7 p Mol7* x 5052%*
d
S0 50 FI (Mol7 x5052)** x Mol7**
l
25 75 BCI (Mol7? x 5052)**
i®
St (Mol7 x5052)** (Mol7% 5052)**x Mol17**
d
125 87.5 BQC2 (Mol7* x 5052)** x Mol 7+
l
6.25 93.75 BC3 (Mol7* x 5052)**
l®
S2 (Mol7* x5052)**  (Mol7* x 5052)**x Mol7**
l
3.125 96.875 BC4 (Mol7* x 5052)**
i®
S3 (Mol7* x 5052)** (Mo17% x 5052)**
1®
op-2 Mo 7%*

normal endosperm

TABLE 1

** opaque endosperm

Comparison of nutritive elements of op-2 and normal maize.

Protein
Varicty (%)
op-2 BAUI0I 0.24
Wu Dan Zao (ck) 8.75
BAU 101/ck +5.6

Lysine Tryptophane Nicotinic Free nicotinic
(%) (%) acid (%) acid (%)
0.35 0.103 0.029 0.0178
0.19 0.019 0.015 0.006

+84.2 +102 +93.3 +196.6

* CIMMYT is the International Majze

and Wheat Improvement Centre, Mexico City.
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After backerossing four times with recurrent parent Mol7 and selfing three times, the
normal inbred line Mo 17 has been converted into opaque-2 Mo17, whose genetic constitu-
tion is composed of 96.875% of Mol7 and 3.125% of op-2 line 5052. If compared with
normal Mol7 and op-2 Mol7 visually, only the phenotype of endosperm is different.
Crossing the op-2 inbred lines with cach other, op-2 hybrid may be selected. That is the high
nutrittve hybrid with high lysine and trvptophane content.

The biochemical test revealed that not only were the lysine and tryptophane contents of
kernel higher than that of normal maize but also the nicotinic acid rates doubled and the free
nicotinic acidripled (Zheng and Hsu 198 1), Soit was very efficient for preventing and curing
the human disease "Pellagra’, caused by lack of free nicotinic acid. For example, during the
prevailing period from January to April, 400 peasants who consumed the opaque-2 hybrid
(BAUTOT) as staple food. were free from the disease, while those who used common maize
as diet, 2,49 of persons tell ill. Results of testing the content of metabolic products (N'-
methylnicotinic acid) from the urea showed that the N'=MN content of the tested group who
dicted onopaque-2 maize vas raised from 0.12mg to .22 £0.03 mg. It was near the standard
level necessary for healthy people (0.24 +0.02 mg). But N'-MN content of the untreated
aroup remained at afevel of 0.12 mg (MAC 1980).

Wiicn ted io young pigs, opaque-2 maize had a great effect on the daily weight gain. Less
feed was consumed and there was a high feed efficiency (Dou 1981, The nutritive value of
opague-2 maize equalled normal maize plus 5% soyabean meal. That means 25% of soybean
meal would be saved. Atthe level of 9.0-14.6% protein, as feeding with opaque-2 maize, the
daily weight gain was 29.8-124% higher than that of normal maize and 0.47-2.; 3 kg of feed
was saved forincreasing | kg of pork. At the same time. the results showed that the opaque-
2 maize was a better feed than rice. The daily weight gain was 21.5% higher than from rice
and 0.44 kg of feed was saved for increasing | kg of pork (Shi 1987).

In 1987 the planting area of opaque-2 hybrid was about 15 000 hectares and the average
yield per unit arca is similar to or 5% less than that of normal control. But the production of
lysine and tryptophane is doubled.

TABLE 2 The effect of feeding young pigs with normal and op-2 maize.

Normal maize  op-2 maize’ Normal maize op-2 maize +
+5% soybean  +5% soybean (/1) +10% sunflower  10% sunflower  (4)/(3)
meal meal meal meal
() 2) (% 3) “) %
Daily weight
gain (g) 453 474 +4.6 302 454 +50.3
Daily feed
consumed (kg) 1.74 1.65 -5.28 1.66 1.94 +16.9
Ratio of feed
consumed to
weight gain .84 3.49 -9.1 5.50 4.27 -224

In order to improve the soft chalky endosperm, the secondary effect of opaque-2 mutant
gene. populations and synthetic varieties with hard or semi-hard endosperm have been
introduced from CIMMYT and USA. The phenotype of hard or semi-hard endosperm is
controlled by modify genes, and the kernel weight can be raised. But the lysine content is
somewhat lower than that of pure opaque-2 endosperm, but higher than that of normal kernel.
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The breeding approaches are as follows:

I Inbred lines with hard or semi-hard endosperm are selected directly from these materials
by sclfing several times.

2. Assouree materials of moditier, cross them with opaque-2 lines and backcross several
times with recurrent parent 1o integrate modifier genes into opaque-2endosperm or select
lines from the progeny of crossing.

3. Nonphoto-sensitive plants can be selected from exotic tropic populations and synthesized
into a new population from which new inbred lines suitable for the temperate zone, can
be selected. Or they may be crossed with carly matured opague-2 lines and inbred lines
selected from its progeny.

Inrecent years. a lot of lines with hard or semi-hard endosperm have been selected. The
lysine content ranges from 0.3-0.5% per kernel weight and the hardness scale ot endosperm
is about 1.5-3.5.

Incorporating the high-lysine maize with high oil content material is an intportant method
for quality breedina. The normal maize contains about 4% of oil of which 859 distributes
i the germ. The role is the higher content of oil, the larger size of germ. so that the lysine
content is raised. Many such lines have been selected. The average content of lysine is over
0.5% and the oil percentage is about 10, The kernels of new hybrids will have a high lysine
content in the endosperm and a high oil content in the germ. Thus it possesses both high
nutrition and high energy:.

The source materials of sweet corn were introduced from USA. some from Thailand,
Besides the common sweel corn (su, su,), the supper sweet (sh, sh,) and sweet enhancer gene
(sese)have beendevelopedin recent years. There are two ways to use them: either harvesting
the prematured cars within 18-21 days after pollination and can the kernels immediately; or
harvesting prematured ears within the same number of days after pollination, transport them
to urban districts for boiling within 24 hours and sell them as breakfast food. The biggest
marketis in Hong Kong and some cities on the mainland. Canned kernels are exported to
Tapan and other countries.

References

BAU (1976) Plant Genetics and Breeding Scientitic Press, Beijing.

Dou. Lun (198 1) Nutritional evaluation of high quality protein maize Acta Agriculturae Universatatis Pekinensis,
7.No. 2,

Li Jing-Xiong (1987) *Zhong Dan No. 2" — The high yield and multiple resistant single cross hybrid. Yearbook
ol institute of crop breeding and Cultivation (1985-1986). Agricultural academy of China.

Medical Academy of China (1980) The preventing and curing of pellagra. Medical journal of China, 14, No. 1.

Shi, De-Quan (1987) The analysis of economic efficiency on feeding young pigs with high lysine maize. Yearbook
of institute of crop breeding and cultivation (1985-86) Agricultural academy of China,

Tong, Pingya (1987) Situation and prediction of world maize production and marketing. World Agriculture, No.
5.

Zheng. Zhang-Geng and Hsu, Chi-Feng (1981) The breeding and utilization of high quality protein maize. Acta
Agriculturae Universitatis Pekinensis, 7, No. 4.



CHAPTER 11

General condition of citrus germplasm research in China

YE YINMIN

Citrus fruittrees mainly include three genera, Fortunella, Poncirus and Citrus. Undoubtedly,
Chinais the original home and centre of Poncirus, Fortunella and most of the species in the
genus Citrus. According to historical literature, citriculture in China appeared 4000 years
ago, and fruits were sentas tribute to the imperial court. Because of their extremely abundant
natural resources and long growing history. citrus fruits consist of many variant types. These
rich and varied germplasms are of tremendous worth to the human race,

Long ago, our ancestors knew mandarin (Citrus reticulara), citron (C. junos)y and trifoli-
ate orange (Poncirus irifoliaray. but they considered these thiee plants as one class and spoke
of them together. Inother words., our ancestors had recognized that these three plants were
closely related. Zhang Hua stated “there are many types of mandarins and pummelos. The
mandarin, trifoliate orange and orange are distributed widely™ in Bowuzhi published in the
third century. In Zhouli. published in the carly first century it was mentioned that *mandarin
introduced to north of Huaihe river witl become trifoliate orange . which apparently recorded
the natural distribution of mandarin and trifoliate orange. Han Yenzhi used two-thirds of the
contents ot Julu, published in 1178, to record 27 citrus types. varieties and strains in Zhejiang
Province, China.

With the development of modern agricultural sciences, people have realized the impor-
tance of plant germplasm. Investigation of fruit tree resources was carried out in our country
in the 1950s. The Chinese Academy of Agricultural Sciences established the Research
Institute of Citrus in the 1960s, in which the following works were carried out: wild and
cultural citrus resources were widely investigated: a central citrus germplasm orchard in
China was set up: and the survey, collection, preservation and utilization of the citrus
germplasm in our country were systematically done.

‘T'he main cuitivated types, varieties and growing area

The citrus producing area in China is distributed at about 33°N latitudt., and covers 17
growing provinces. Mandarin production ranks first in commercial cultivation, followed in
order by orange, pummelo, kumquat and others.

MANDARINS

Mandarins grow widely and represent about 63% of total citrus production in China.

a) Zhu-ju(C. ervthrosa Hon. ex. Tan.). An old cultivation group, mainly distributed in the
provinces of Jiangsu, Jiungxi, Gansu, Shanxi, Hunan and Hubei has strong tolerance to
cold.

b) Hong-ju (C. tangerinag Hort. ex. Tan.). Mainly grown in Sichuan and Fujian provinces.

¢) Ponkan (C. reticulata Blanc.). Mainly grown in provinces of Guantong, Fujian and
Taiwan and also in some regions of Guanxi. Yunnan and Zhejiang provinces.

d) Ru-ju (C. kinokuni Hort. ex. Tan.). Principally distributed in provinces of Jianxi and
Zhejiang: its dominant variety is Nanfeng mandarin with small, sweet and almost seedless
fruits and monoembryonic seeds.

¢) Jiaokan (C. tankan Hort, ex. Tan.). Widely grown in the provinces of Guanxi, Fujian,
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Taiwan and Guantong; a high accumulated temperature is needed for growing. Although
it can bear in the northern part of the citrus producing area, fruit quality declines signifi-
cantly and it has almost no commercial value.

0 Satsuma (C.ounshine Mare,). This group is most widely cultivated in CVery growing arci
and its production accounts for about 60% of total mandarins. The main varicties. mostly
mtroduced from Japan are cultivated in the provinces of Hunan, Jiangxi, Hubei and
Zhepang,

There are some special local varieties of mandarin, with very concentrated growing area
in some regions and having some commercial yield. Bendizao (C. succosa Hort. ex Tan.) is
mainly grown in the provinces of Huangyan, Zhejiang. Man-ju (C. tardiferax Hort. ex Tan.)
is grown in Huangyan too with monoembryonic seeds. Ou-ju is a local variety in the
provinees of Wenzhou Zhejiang, early in matuarity and with monoembryonic seeds. Trifo-
liate orange (Poncirus trifoliata) is used as the main rootstock for mandarins.

ORANGES
Orange (C. sinensis (L) Osbeck) is mainly cultivated in provinces of Sichuan, Guangtong,

Fujian, Guangxi, Hubei. Jiangxi and Taiwan. Its production accounts for 25% of total citrus

production in China and common orange dominates. In China, the traditional varicties of

orange can be divided into two types, the acidless orange and the acid sweet orange.

a) The acidless orange type is pricipally distributed in provinces of Guangdong, Fujian,
Guangxi and Taiwan. Its main cultivars are Xinhue and Liuchen,

b) The acid sweet orange type is mainly grown in Sichuan provinee, but it is also distributed
in_ provinces of Guangxi, Guangdong, Fujian and Taiwan. The main varieties are
Xiangfeng, Jinchen and Xuegan. Additionally, some orange varicties were introduced
fromabroad, including Navel, Valenciaand Hamlin: they are cultivited mainly in Sichuan
Province. The Hamlin orange adapts well to different climates and tends 10 extend its
growth,

Rootstocks for orange generally are Trifoliate orange in northern area, and Limonia in the
southern producing area. Sometimes, Tangerina is used as rootstock too. in the provinces of

Sichuan and Fujian.

Pesino (€. grandis (L.) Osheck)

Pummelo types are extremely varied and distributed very widely. Some production takes
place in provinces of Sichuan, Guangxi, Fujian, Taiwan, Jiangxi, Hubei and Hunan. The main
varicties include Satien, Lianpin, Kweifu, Wendan, Wanbei and Sijipao.

Air-layer propagation is a traditional method for pummelo, and grafting is on domestic
seedling free rootstock.

Kumouat (Fortunella)

Except Changyejingan (/. polvandra (Ridl.) Tan.), other species are sporadically grown
in every citrus producing area. They are mainly used for the fresh market, candy and
ornament. Their main producing area is in the provinces of Guangxi, Jiangxi, Fujian and
Hunan. Kumgquats mostly use Trifoliate orange as their rootstock. Additionally, pummelo is
also used as rootstock in a few producing arcas of Fujian Province. Ormamental Kkumgquats use
cuttings of Citron (C. medica) as rootstock in Guangdong Province.

OrHERS
a) Citron (C. medica L.) grows sporadically in the provinces of Yunnan, Guangdong,
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Guangxi and Fujian. in which Buddha®s hand (C. medica var. sarcodactylis) is mainly
used tor ornament cultivation by cutting propagation.

by Lemon (C. fimon (L) Burm. £) mainly grows in the castern part of Sichuan Province.
Eurcka lemon is the main variety introduced from abroad. In carly growing periods,
Trifoliate orange was always used as rootstock for lemon in China. Later, we found that
exocortis discase was very serious on lemon trees using Trifoliate orange as rootstock.
Recently, we have taken Tangerina as rootstock instead of Trifoliate orange.

¢) Sour-orange (C.aurantium L) grows sporadically everywhere and is mainly used for
medicine. Daidai is used as essential material for flower processing in the provinees of
Fujian and Jiangsu. Goutouchen is used as rootstock on sccount of its strong tolerance to
salt and tristeza disease.

Investigation and collection of citrus germplasm resources
Investigation and collection of citrus germplasm resources were carried out in most
provinees in the late 19505 with supplementary investigation in Tibet in the 1980s.

WILD CITRUS GERMPLASM

During investigations of the wild germplasm resources, we found some new species such
as Honghechen, anew species in subgenus Papeda of genus Citrus, found in 1974, Many
types of wild mandarins were also found in Hunan Provinee from the 1960s to the 1970s.
Morcover, in the provinces of Guangxi and Jiangxi, different types of wild citrus are found
at different times. of which about 6-7 types have the position of botanic species.

DISTRIBUTION AND CLASSIFICATION

Distribution and classification for the wild citrus species which have been known to
originate from China have been made clearly. Ichangchen (C. ichangensis) is not only
naturally distributed in Hubei Province, but it also has wild distribution in the provinces of
Sichuan, Guizhou, Yunnan, Hunan and Guangxi, and some new types of it have been found.
Niangchen (C. junos) also has wild distribution. In the past, there were some different
opinions ahout these species. Thelieve that Xiangehen should possess the position of botanic
species because of wild distribution and stability of its characters. Limonia (C. limonia) has
wild distribution in provinces of Guangxi and Guizhou and is mainly of yellow-peel type. It
is similar to Kusaie lime which grows in India. Therefore, | consider that the limonia
possesses the position of botanic species.

VARIANT TYPES

Abundant variant types have been collected, such as trifoliate orange, which has many
natural variant types. Besides big-leat’ and small-leaf strains, we have found carly-bearing
74-1 dwarf trifoliate orange and 85-90 thorn-few types. A tetraploid (4 x ) trifoliate orange
with large leaves, thick branches and thrifty trees was collected in Jiangsu Province. Many
types of small citron (C. medica var. ethrog) were found in Yunnan Province.

Studies on citrus relationship

Since the 1970s we have made some progress with morphological taxonomy, based on the
citrus pollen characters by use of a scanning clectron microscope, analysis of isoenzyme
zymograms, and citrus genome analysis. All of these methods have provided important
evidence for citrus taxonomy and determination of citrus relationships.
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Tissue culture techniques for citrus germplasm

In 1975, Wang Dayuan studied the speeding up of germplasm propagation with tissue
culture. He rescarched on whether the callus can maintain high differentiation abilities and
the inherent stabilities of regenerated plantlets. Zhang Jinren and others continued to observe
the callus for eight years and subcahared 38 generations. They proved that the chromosome
ploidy of callus and regenerated plantlets have not changed. and that the tissue culture
technique is a promising method for preserving citrus germplasm. Morcover, by in vitro
culturing epicotyls and young shoots in /. margarita, a large number of green tfted-shoots
and cemplete regenerated plantlets have been obtained. By using young seeds of Xuegan (C.
sinensis) some complete regenerative plantlets were formed and blossomed in six months,
This could promise tosolve the gquestion o the long juvenile stage in citrus. Chen Zhenguang
and others obtained plantlets from anthers of Calamondin (C. madurensis).

Citrus germplasm orchard

Field preservation is a major method for preserving and evaluating citrus germplasm
nowadays. Inrecent years. the Chinese Academy of Agricultural Sciences has established 16
national fruit germplasm orchards, including citrus, apple. pear, peach. grape and so on. The
citrus Germplasm Orchard is located in and managed by our Institute (Beibet, Chongging).
Today. besides traditional collection, preservation and evaluation of citrus germplasm, we
are starting to evaluate and propagate the virus-free varieties in main germplasm to prepare
for the establishment of i virus-free citrus germplasm orchard.

Studies on utilization of citrus germplasm

Atpresent. citrus germplasm is mainly used for cross-breeding. Since the 1950s, Zhejiang
Citrus Research Institute. Hunan Horticuttural Researeh Institute, Huazhong Agricultural
University and our Institute have done much work in cross-breeding and induction of
mutation, ang obtained alotof useful new variceties. The cross-breed 1-1232 s a long-lasting
and good quality tangor variety bred from Valencia x Hongju. A new Hongju variety with
fewer seeds and high yield. also has been obtained by ' Co irradiation. The cross-breed 432
is selected from the breeds of Ougan x Gailtiangchen (which is a chimera) and their later
generations have high yield. good quality and fast well. With colchicine, a tetraploid variety,
4 Shiyueju. has been obtained. having high grade and vield.

Our Institute has been exploring and comparing new citrus rootstocks for a long time. It
merits attention that pummelo (C. grandis) usually grafts on the same varieties, but this year
Wan Liangchai has grafted iton trifoliate orange and Aralantia Corr. and Jindou respectively.
The testresults showed that this Aralantia is a very good dwarf rootstock. and bears fruits 2—
3 years carlier than those in common use. [t also can maintain the characteristics of the scion
varieties. In addition. Chen Shanchun and others have recently studied the effects of salt on
the growth characteristics and biochemical markers of cell clone. from the embryos of orange
(C. sinensisy in order to seleet a salt-tolerant cell clone of citrus in vitro.

The citrus germplasm in China has made a very important contribution to the citrus
industry of the world. We believe that with the development of modern science and
technology, the contribution will be greater than ever before.
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CHAPTER 12

Breeding for clubroot resistance of crucifer crops in Japan

HIROAKT YOSHIKAWA

Clubroot discase caused by Plasmodiophora brassicae Woronin, is considered one of the
most serious discases of crucifer crops. In Japan the occurrence of clubroot was first recorded
in 1892 on cabbage and turnip, and in 1978 on Chinese cabbage.

Foralong time the infested arca was limited and severity of clubroot was not high except
i atew fields where traditional turnip cultivars were grown successively. Since about 1963,
however. clubroot has been reported in many cruciter crop growing regions, and the severity
and pereentage of diseased plants have increased considerably. At present, clubroot disease
can be tound almost all over Japan, especially in the central and northern parts, where it is
aserious problem. Intensi e crucifer cropping was undoubtedly conducive to a build-up of
the organism in the soil,

High concentrations of pathogen in soil were aptto make chemical control ineffective., so
that crucifers are toreed to be replaced by other crops. Clubroot is a constant threat te crucifer
crops. espectally to cabbage, Chinese cabbage, turnip, cauliflower and broceoli. Cultivation
of resistant cultivars is one of the safest and cheapest methods available to combat ¢lubroot.
Breeding work for clubroot resistance was started first on cabbage at the Vegetable and
Ornamental Crops Rescarch Station (now the Natienal Research Institute of Vegetables,
Ornamental Plants and Tea) in 1974, At present, breeding for clubroot resistance has been
practised by one national, and 6 prefectural rescarch stations as well as by 28 seed comp;lnics‘
Through their great efforts, many resistant varieties have been released in increasing
numbers, especially in Chinese cabbage. An outline of the breeding works for clubroot
resistance in Japan is presented here.

Inoculation methods

For breeding work, a simple and reliable inoculation method is required for stable and
uniformdisease development under normal environmental conditions. To test accurately and
simultancously the resistance of a large number of plants, itis important to use the minimum
citective quantity of pathogen to avoid its unnecessary spread. From such standpoints,
Yoshikawa etal. (1981) established a sereening method they called the *insertion method'.
According to their comparison tests on spore concentrations and inoculation methods, the
insertion method showed the highest percenmage of discased plants and highest discase index
under any condition of spore load and soil pH than other dipping, mixing and pouring
methods.

Details of the insertion method are as follows:
Dy Insertion method — The inoculum is prepared by the method of Williams (1966). A
mixture of one past clay powder. three parts perlite and one part peat constitutes a good
medium for plant growth and clubroot development. The misture was adjusted to pH 5.5-
6.5 and the spore load to 5x 10" per gram of dry mixture. Cylindrical blocks of the mixture
tinfested soil). 4 cmin fength and 3 emyin diameter, were made mechanically and inserted
cither into pots or fields. Sceds were sown on these blocks and covered with a thin layer
of perlite or noninfested soil (Figure 1),
Favourable conditions for infection - A high spore load, usually 5 x 10 per gram ul'dry
soil,is optimum for disease duclnpnunl A soil pHof 5.5 is best, but pH 5.5-6.5 is
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FIGURE 1T A sketch of the insertion method for glasshouse and field tests.,

adeguate. The soil should be kept damp throughout the experiment. Soil temperature
should be kept between 18 and 30°C, preferably between 187 and 24°C. At high
temperatures soil drying becomes a problem and frequent walering Is necessary.
Observation and evaluation of vesistance - The best time for observation is when the
suspectible cultivar is completely and severely aftected. Observations on clubbing were
usually carried out 6 weeks after sowing when conditions favoured clubroot development.
When conditions were fess favourable observations were made one or two weeks after
clubs became visible with the naked eve on the root base of the susceptible check.

The degree of infection was rated on a 010 3 scale. where O=no infection. 1=few small
clubs, 2=considerable clubbings, 3=severe clubbing. The numberof plants in category 1 was
multiplied by 20.in 2 by 80, in 3 by 100 and the sum of the products was divided by the total
number of plants to give the discase index. The trials were usually replicated three with 10
plants per pot.

3

Cultivar difference

This field of research has received much attention in recent years. Hithertoithas generally
been considered that the B. campestris group is more susceptible 10 clubroot than the #.
oleracea group. In Chinese cabbage marked cultivar differences have heen noticed on soil
infested at lower inoculum levels, but this has not been observed on soil infested at high
moculum levels. Fromthe breeding pointof view. it was thought that Chinese cabbage almost
completely lacked resistance 1o clubroot, although some cultivars, including some from
northern China, were less severely clubhed. Japanese turnip and mustard green are highly
susceptible and Tack a resistance source like Chinese cabbage. European turnip showed a
wide range of resistance and suspectibility and some cultivars are highly or completely
resistant to race 2. In the B. oleracea group, Kales are thought to be the most resistant 1o
clubroot. Cabbage showed a wide range of resistance and susceptibility, and none of the
commercial cultivars was highly or completely resistant. Cauliflower, broceoli and kohlrabi
are highly susceptible and lack a resistant source. Brussels sprouts are more resistant than
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cauliflowerorbroccoli. Rutabaga exhibited a wide range of susceptibility to resistance, while
oil rape, Hakuran and Indian mustard were very susceptinle. Radish was more resistant than
ciabbage or rutabaga, and Japanese radish and Ruphanobrassica showed the highest resis-
tance of all the cractler crops (Table 1),

Aside fronvcrapshigh resistance 1o cliubroot race 2 was found in weeds, such as Suka-
shitugobo (Nastirtion palusire DC Inugarashi (Nasturtinm indicim DC.y and Tanetsuke-
bana(Cardamine flexnosa Withering), and in flowers, such as stock (Matthiola incana R Br.)
and walltlower (Cheiranthus cheiri 1.0,

TABLE 1 Breeding materials resistant to the race 2 of P. brassicae in crucifer crops.

Chromosome No.  Crop Resistance® Cultivars”

n-16 Turnip RR Novitas, Novitas 4= Meedjeslander, Leiclander, Ponda,

Zelder GT. Haltlong Purple Top LB, Mosa, Tigra -4x. Marco,
Debra. Sitoga. Bicolar, Talonda, Klepa 2> Vollender Zelder
MB. Croppa. VIR 12000 VIR 1201 VIR 1153, ECD 02, ECD
04, Orion. Mommersteeg. Polybria, Waalslander, Roskilde.,
Civasto R Gerhia R

R Green Top Market. Manchester Market. Golden Ball, Green
Top Scotch, Milan White. Red Globe, Green Top Stone, T-3,
Milan Purple Top

n=y Cabbage R Bindsachsener 727540 Bohmersaldhohl 72755,
Bihmerwaldhohl 72756, G-0-0, Vologadskaja S, Zimmjaja,
Winter White

M Ladozhskaja 220 Losinoosrovskaja 8, Zimnjaja Gribovshaja
13, Tagminshaga, Clusecd Eady, Aichisaibanser, Badjer
Shipper
Cauliflower M Walcheren Winter Manston
Brussels
sprouts R Fillbashet, Winter Harvest. Seven Hills, Roodsserf Seven Hills
Kale RR K 269, K 173, K 271K 278, K 158, Extra Curled Scotch,
Dwart Green Curled, Sinjaja Kyrgavaja
n=19 Rutabaga RR Wilheln: -burger. W F. Neckless
n=Y Radish RR Sukurajima, Shogon, Uchikigensuhe, Miyvashigesobuto, Shi-

rokubimiyasigemarujili. Nesumi, Wakayama, Moriguchi,
Hooryo, Chubukura. Ookura, Akitsvnari, Hakata 40 days,
Round Scarlet Giant, Natsuminowase No, | (FF,). Evelest,
Hayamaru (F))

* RR: high resistance, R: semi-resistance, M:moderate resistance.
" Novresistant cultivars in Chinese cabbage, salt greens, broceoli, oil rape and Hakuran,

Physiological races

So tar it has been found that seven of the P. hrassicae physiological races (using the term
race” as defined by Williams) are present in Japan. Those are named races 1,2, 3, 4.5, 8 and
9 (Yoshdawa ctal. 1978). This diversity of races has a direct implication on the breeding
work and on the types of resistance in the host. Yoshikawa et al. (1978) tested 14 common
cabhage. 2 turnipand 13 Chinese cabbage cultivars to observe their reactions to physiological
races 1. 203 4and to a mixture of all the four. Spore Toads were 2 x 10" per gram of dry soil
torthe individual races and 4x 10° per gram for the mixture. Cultivar differences in reactions



100 HIRGAKT YOSHIKAWA

tothe 4 physiological races were relatively small. Highly significant correlation coclficients
between percentage of discased plants ordiscase indices were observed forcach pairof races,
Mixing races did not enhance the incidence of discase, This proves that plants which are
strongly resistant 1o one physiological rice are also strorgly resistant to others, as described
by Nicuwhotand Wicring (19631 It also show s tha selectionof eznic of the most virulent races
is helpful in screening and breeding work.

Inheritance of resistance to race 2

As Chinese cabbage has no resistant source al all, we crossed Chinese cabbage with
resisnt wrnip. (o transfer the resistant gene to Chinese cabbage. Resistant turnip 77h; a
selectionof ECHNo. 2 was crossed with susceptible Chinese cabbage: Matsushima Shin No.
2o vield LB - BC populations. The IF, was completely resistant. The F, segregated
i the ratio of three resistant o one susceptible. The BC| generation segregated in the ratio
ofoncresistantto one susceptible (Table 2). This show s thatthe resistance of 77his controlled
by asingle dominant gene. Similar resulis., produced by the imfluence of a single dominant
geneswere observed in Y different 1) generations of crosses between 5 Chinese cabbage
cultivars: Kenshin, Hiratsuka No. 1, Matsushima Shin No. 2 Nozaki No. 2and Choosen, and
three cultivars of tumip: Siloga. Gelria R and Debra, The resistant gene is considered 1o be
the same asin 77h and is the same as the resistant gene found in the group of European fodder
turnips. Leal morphology does not correlate with clubroot resistance in any of the 10 I,
generations described above. Both clubroot resistance and leat character of Chinese cabbage
can be combined in one plant. The dominant resistant gene tound in this study should be
usetul i developing clubroot resistant cultivars of the B. campestris group and others,
especially: Chinese cabbage. and the heading character can be improved casily by back-
Crossing,

TABLE 2 Frequency distribution of clubroot resistance in crosses between Matsushima Shin No. 2
i A
{Chinese cabbage) and 77h (turnip),

Generation Number of plants with Mean Segregation ratio
and progeny discase index: discase index observed!
0 | 2 3 R:S
P Matsushima
New No.2 (M) 0 0 0 2 3.00

P 77h (b 32 0 0 0 0.0
Fo Mxb 44 0 0 0 0.0
. Mxb 247 S 6 35 0.42 247 (220): 46 (73)
I{('I (Mxh)xM 101 12 9 50 1.0S 101 (86) : 71 (86)
BC, (Mxt»> b 174 0 0 0 0.0 174 (174): 0)

" Reresistant plants (discase index=0); S:susceptible plants (discase index=1.2,3),
Figures in parenthesis indicate theoretical ratios expected from 31 segregation in F,. ELinBC Land 1:0in BC .

Similar genetical analyses were done by Yoshikawa ct al. (1978). using the race 2 of the
pathogen. In i cross between a resistant cabbage: Bohmerwaldkoh! 72755, and a moderately
susceptible cabbage: Aichidaibansei. the resistance of Bohmerwaldkoh! 72755 was inherited
by a polygenc of four pairs (Table 33, Similar results were shown in the crosses of resistant
sabbage: Bindsachsener 72754 or Bohmerwaldkohl 72756, with moderately susceptible
:abbage. Aichidaibansei. In the cross of a resistant curled kale, K 269, with o susceptible
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TABLE 3 Frequency distribution of clubroot resistance in crosses of cabbages between Aichidaibansei
and Bohmerwaldkohl 72755,

Generation Number of plants with Mean
and progeny discase index: disease index
() 1 2 3
P Aichidibansei (A) 0 10} 48 28 2.21
P Bohmerwaldhohl
T2755(B) 58 17 1 0 0.25

I+ A-B 14 3 3 ] 1.28 (1.23)
boAD 28 w! 90 22 148 (1.26)
BC (A «BivA 0 14 133 53 2.20(1.75)

BOCO (A «By=< B 106 72 29 0 0.63 (1.23)

TP PRV V) =369

TABLE 4 Frequency distribution of clubroot resistance in crosses of cabbage between Masagosarki
(cabbage) and K 269 (kale).

Generation Number of plants with Mean Segregation ratio
and progeny disease index: discase index observed*
0 1 2 3 S:R
P Masagosanki (M) 0 V] | 96 299
P K269 (K) 94 0 0 0 0.0
o MK 0 12 L 0 1.88
oMK 157 95 214 130 1.53 439(447) :157(149)
BC (M <Ky~ M 3 I 142 192 2.50 345(348) ¢ 3y

BC (MxK)yx K 168 87 99 10 0.87 196(182) :168(182)

oSame as Table 2.

cabbage. Masagosanki, the resistance of K 269 was inherited by single recessive gene and
inheritance of leaf character was independent of that of clubroot resistance (Table 4),

Present status and problems of breeding
CHINESE CABBAGE AND OTHER [3. CAMPESIRIS CROIS

"The breeding work on Chinese cablage has been carried out by crossing Chinese cabbage
with resistant European fodder turnips since 1978 under a practicable plan. Fortunately the
resistance is inherited by a single dominant gene. independently of the leaf character. These
facts made the breeding work very suceessful. By or backcrossings of Chinese cabbage
to the hybrids between Chinese cabbage and winip. a good heading quatity can be obtained.
[n the crosses between Chinese cabbage and turnip, lines of various types, such as heading,
semi-heading, non-heading Chinese cabbage types, turnip type. chinensis type, nabana type
(with buds and young clusters forcating) were segregated. Bolting character was also widely
segregated in the I+ generation,

Today. national and prefectural experiment stations as well as many (12 at present) seed
companies are devoting their efforts 1o breeding many types of Chinese cabbage. *Kanama-
chi.Nozawana. Sugukinaand Qonobeni” types of turnip and *Nabana, Mizukakena, Meikena
and Oosakina types of salt green. Up to date, 12 F hybrids and 5 parental lines in Chinese
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cabbage. 1 EF hybrid inwarnip, 2 varienes and  parental Tine m salt greensand 11 hy brid
inheading cabbage were released (Table Sy and some other breeding Hines have reached the
stage of testing their practical use.and forsome of them hvbrid seed production systems were
established by using selfamcompatibilits. On the other hand there sl remain some
problems. namely that some hines have undesirable characters such s desercased virus

disease resistancee. liabihity 1o caletum deficieney . poor quality, ele.

TABLIS Clobroot resistant cultivars recently bred in Japan.
Release
Crop Cultnvar year Bred by Maturity  Head shape  Leat colour
Chinese Strong CR 75 (b)) [U8S Watanabe Seeds Co. late round type  dark green
cibbage  Kuhkai 65 (1) 1U8S Takit Seeds Co. carly cannon tvpe  green
Kuhkai 70 ¢} 1U8S Takii Seeds Co. medium annon type  dark green
CR Kankidd) 1085 Co. Nihon-nourin mediam cannon Bpe o ereen
CR Kanki No, 1001y TUR6 Co. Nihon-nourin medium vinnon tpe preen
CR Ryuoku () 1U86 Witanabe Sceds Coo semn-fate round tvpe dark gieen
CR Ryoyu(lF) 1986 Watanabe Sceds Coo carly cannon type dark green
Dentou (F ) 1986 Matsunaga Seeds Co. o early cannon type Jdark green
Hukkatsu (F ) 1986 Matsunaga Seeds Coosenu-late camon type dark green
Renpa (F)) 1486 Matsunaga Seeds Coosemi-early  cannon spe dark green
CR Hourai No. 1 (F) 1986 Touhohu Seeds Co. carly cannon vpe  dark green
CR Hourai No. 2(F) 1986 Touhoku Sceds Co. carly cannon 1vp - dark green
P L :Noh No. | 1984 NIVOT" carly round type hghit green
P. L. :Noh No. 2 1984 NIVOT medium round type  zreen
P. L. :Noh No. 3 1984 NIVOT medium long type green
P. L. :Noh No. 4 1085 NIVOT carly ball type dark green
P. L. :Noh No. 5 1985 NIVOT medium round type  green
Cabbage  YCRSE(F) 1984 NVOES

Turmip  Hida-Tobime Kabu 1985 Kosaka Shubyo Co. Ltd.

Salt Shinano [Nozawana| 1982 NVOES
ereens  Wakimizuna 1986 Sizuoka Agr. Exp. Sta. Koureichi Branch
P 1..: Noh No. 1 1986 NIVOT

" Parental line.
©NIVOT: Natonal Research Institate of Vegetable, Omamental Plants and Tea.

CABBAGE AND OTHER B, OLERACEA CROPS

The breeding work on cabbage was started earlier than that of Chinese cabbage, using
mainly Bohmierwaldkohl 72755 as aresistant source. But the resistance of Bshmerwaldkohl
72755 1s not complete especially when the temperature is very high, and was inherited by
polygene. In 1984, Tsukadactal. (1986) bred a clubroot resistant I hybrid. YCRSE (Choya
Ko No. 9) using Bohmerwalkohl 72755 as a resistant source. In our case. heading character
is much improved but the resistance is not yetenough for commercial use. The breeding work
of heading cabbage has faced much more difficulty than that of Chinese cabbage. On the othey
hand. the resistance of kale *K 269" is much higher than thatof *Béhmerwaldkohl 72755 and
inherited by single recessive gene. The breeding work using *K 269" is still at an carly stage.
and needs many years as compared to the above cross, but lines with complete resistance can
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he obtamed s @ genotype of “ae”and forits effective breeding biotechnology must be
mtroduced. Tnthis cross, plant characters segregated widely and various types of plant, such
as beading cabbage 1ype. broceoli type. cauliflower type. Brussels sprout type, ete., were
obtimed in b generation. Soitis possible to breed those various types of line with complete
resistinee. i cross of heading cabbage and Lale,

Bibliography

Mhzawa AL ctal 11978 Studies onthe breedig of clubrootresistance m cole crops, L Sereening of cole craps
torclubroot-vesstanee (O Budl Ver & Ornan Crops Res St AT 260 I Tapanese with English sumnry. |

Vhizawi AL etal c198th Studies on the breeding of clubroot resistance i cole crops. 11 Screening of cole Crops
tor clubroot-resistanee (20 Bidl Vewo & Ornanr Crops Res. Stac A7, 35 75, [In Japanese with English
sunanay |

thesanmic T C1975) Suseeptibility and resistance to clubroot of the cruciferous vegetable species and varieties
(Studies on the clubroot of craciterous plant . Res. Ball Gifie Cniv 38011 280 [In Japanese with English
sunmary |

Nemwhol, Nand Werring, DL o196 ) Factors influencing the ocearrence of clubroot m semi-resistant populations
of Brassicd olcsacea L Buphviica, 12,270 276,

Oatant o198 Dy Present status of the breeding of clubroot resistance of *Nozasana™ and Chinese cabbage. Budl.
Ve Mecting Vee. Breed. . S30049 60, [In Japanese. |

Sahian FocBOS T Present status of the breeding of clubroot resistance of *Nabana™. Bull. Annu. Meeting Veg. Breed..
S3OCA3 AN [In Japanese. ]

Sakumi, 1019703 Resistanee of swede varieties to clubroot in Hokkaido district. Bull, Hokkaido Pref. Agr. Eap
S 22006 108 [T Japanese with English, summary |

Psupmoto. ToC1979) Breeding of clubroot resistance of crucifer vegetables - Instances of the breedings of sced
comparies w Fapan. Bull Anne Mecting Vev, Breed. . S54. 30235 [In Japanese.)

Isihadi Mo ctal (1986) Breeding of resistance lines Choya Ko No. 6 (YRSE) and Choya Ko No. 9 (YCRSE) in
cabbage: process and description of its cliaracters, Bull. Nagano Veg. & Ornam. Crops Exp. Sta. 4.15-26. [In
Japanese with Enghish sutnary |

Watanabe BCTON D Presentstatus and problemis of the clubroot resistance of Chinese cabbage in seeds companics.
Budl o Mecnne Vee Breed . S30, 01 04, [In Japanese. |

Willims, PHL 019060 A system for the determination of races of Plasmodiophora brassicae that infect cabbage
and rutabaga. Plntopathol | 56,624 628,

Yoshihawa, 10 1976a) Race problems of Plasmodiophora brassicae that infect crucifer vegetables. Agr. & Hort,
STOO2N 03 [In Japanese. |

Yoshikawi, H(1976b) Problems on the breeding of clubroot-resistance of crucifer vegetables, Agr. & Hort., 51,
1093 1098 {In Japanese.|

Yoshawa, TLoeeal (1978) Swadies on the breeding of clubroot-resistance in cole crops: No. 10 Inheritance of
clubroot resistance in cabbage. Abst. Japan Soc. Autumn Meet. 136-147. [In Japanese|

Yoshibiowa, Hoetal (1981 Studies on the breeding of clubroot-resistance in cole crops. 11, The *insertion’
sereeting miethod for clubroot-resistance. Bull. Veg. & Ornam. Crops Res. Sta.. A8, 1-21 [In Japanese with
English summary. |


http:I,+,a.10
http:ICsI1IJllt.LL

CHAPTER 13

Utilization of genetic rescurces for soyabean dwart virug
tn soyabean breeding

HIROPIARE BANBA

Sovabean dwart virus (SDVy is one of the most serious virus discase of soyabean (Glycine
ma (L Merry in Hokkaido and the northern part of Honshuu (Tamada 1975; Yanagida el
al. 19780 This virus causes revaarkable vield loss. For example, a 509 incidence of lield
imnfection may resu't inas muen as 409 in vield loss CTamada 1975). Intensive rescarch o
identity the causal agent of the disease has been carried out by the plant pathology division
of Hokkaido Central Agricultaral Experiment Station sinee 1960, The disease is found to be
aphid-borne. and the natural host plants are ladino. white and red clover (Trifolium spp.)
Clamada T970).The virns is transmitted by the foxelove aphid (Aevethosiphon solaniy in a
persistent (eirculative ) manner. Fwostrains of SDV with adifferenthostrang and syinptom
have heenidentified. One of thenvis the dw arfing strain which caused a dwarfing of soyabean
plantsowith shortened petiole and internodes. and the other is vetlowing strain which caused
ashight chlorosis of feaflets and interveinal yellowing of old Teaves  Famada 1973, Single
mtection with yellowing strain or mixed infection with hoth strains induces highly rugose or
wrinkled Jeatlets causing serious damage to sovabeans under naural conditions (Tamada
1975).

The soyabean breeding programi to develop an SDV resistant cultivar has been simitarly
carried out by the soyabean breeding division of Hokkaido Central Agricultural Experiment
Station since 1966, Firstly there were screening tests for resistance 10 SOV in foreign and
domestic germplasm ot sovabeans. Secondly crosses between SDV resistant cultivars and the
recommended cultivars in Hokkaido were performed. The sovitbean breeding program was
abletodevelop the promising lines with moderate SDV resistant high yield and good quality.
lowas released as a new sovabean cultivar, “I'surukogane”, in southern Hokkaido in 1984
(Bunba et al. 1985).

Germplasm collections for SDV resistance

As many as 2082 cultivars were evaluated for SDV resistance during the past 17 years
(Tanimura ctal. 1982). The country of origin and the number of soyabean cultivars intro-
duced for SDV sereening test are shown in Table 1. These screening materials were offered
by several foreignand Japanese soyabean breeding laboratories as follows: (1) U.S. Regional
Sovabean Laboratory Urbana, Hlinois, USA: (2) Mea Jo Agricultural Experiment Station.
Thailand: (3) Plant Breeding and Acclimatization Institute Soyabean Laboratory, Poland: (-4)
National Institute of Agrobiological Resources, Japan: (5) Tohoku National Agricultural
Experiment Station (Kariwano Soyabean Breeding Branch), Japan: (6) Hokkaido Prefectural
Tokachi Agricultural Experiment Station, Japan: (7) Nagano Prefectural Agricultural
Experiment Station. Japan: (8) Kumamoto Prefectural Agricultural Experiment Station,
Japanzand (9) Iwate Prefectural Agricultural Experiment Station. Japan. Screening for SDV
resistance was evaluated by both natural infection and artificial inoculation tests.

Screening methods

NATURAL INFECTION

Fhismethod was first performed at Naganuma in 1966, and since 1978 it has been performed
at Date, where SDV usually occurred very seriously,
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TABLE 1 Countries of origin and the number of soyabean cultivars or lines introduced for SDV
screening from 1966 to 1982,

Country No. of cultivars Country No. of cultivars
and Tines and hines
['SA 13} USSR 14
China 120 Taiwan 13
Fhailand 64 Canada 12
West Gerinitin S4 Hungary H
Korea 43 Australia 10
Yugoshivia 42 South Africa 9
Poland 41 Rumania 2
Sweden 30 Unknown 142
France 28 Japan 1 892
Brazil 24 Total 2 682

The seeds were sown in the middle of May. The infection of soyabean with SDV was
evaluated in late August by scoring the percentage of infection and the disease index for each
sovabean plant (graded from zero to four on the basis of symptom intensity as follows: O=no
symptoms, $=severe symptoms), The degree of SDV resistance in each soyabean cultivar
wis evaluated on the basis of the results of continuous screening tests conducted for two or
three years, as the occurrence of SDV varied from year to year in the field tests. The
percentage of SDV infection inthe susceptible and resistant cultivars at Naganuma from 1971
to 1980 1s shown in Figure 1.
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FIGURE 1  Seasonal changes in the percentage of infection on susceptible and resistant cultivars at
Naganuma from 1971 to 1980,
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ARTIFICTAE INocU v TION

Iis difficult to ey aluate for SDV resistance under natural conditions because occurrence
varies from year to year. Therefore attempts were made 1o develop an efficient artificial
moculation imethod, The tested fickd is surrounded by fine mesh nvlon cloth 3 metres high,
to prevent mfecton by viruhierous aphids from nearby places. Dwarfing and vellowing
strains of SPA were ioculated by vivuliferous aphids onto cach plant at the third Jeal stage
meearly July o Seedlings of cach cultivar were moculated by o group of 5 viruliterous aphids
and these aphids were kitled with insectnicide spray 7 dav s alter moculation. Atthe same time,
non-inoculated plots were prepared tor cach sintar cultivar, Insecticide was applied 1o the
check plots atsowing time. The Tine mesh ny lon cloth was removed in late fulv, Symptoms
appeared on the plants 36 weeks after moculation. The main agronomic characteristics of
the infected plants meach cubtivar were measured at harvest time, The relative percentage
was caleulated as AT - 100 where Tis the vadue obtained in the infected plots and H s that
in the cheek plots.

Screening for SDV resistant soyabean cultivars
NATURAL INFLCTHON

[Ewas found that 20 outof the 2 682 cultivars evaluated were resistant to SDV as in the case
of the moderately resistant cultivar “Ouhouju™. These cultivars are listed in Table 2. Infection
ranged from 0.010 16,94 in the moderately resistant cultivar *Ouhouju” during 17 years. The
cultivars evattuated tor resistance to SDV showed mean vifues less than approximately 3%
of anfection. On the contrary, the susceptible cultivars *Shirotsurunoko™ and - Yuzuru'
showedahighpercentage of infection. Three cultivars "Gokuwase Chishima™. " Kimame " and
P73 showed no discase symiptoms daring the test periods at Naganuma. However, it
was found that "PIY0763" and "Kimame™ were infected at low percentage in a seriously
infested ficld at Date. whereas *Gokuwase Chishima® still showed no symptoms.

TABLE 2 Resistance to SDV of soyabean cultivars introduced from 1966 to 1982 at Naganuma.

Cultivars Courtry ol Test period SDV indection (“0)
introduction (year) Mean Range

Adams LISA 16 14 0.0 - 3.8
Alanii Japan ] 2.7 0.0 - 4.7
Bavender Special USA 14 27 0.0- 69
Gohuwase Chishima Japan 7 0.0 0.0
Habninska 231 Yugoslavia 5 1.4 0.0- 4.8
Kimame Japan 5 0.0 0.0

M-I Yugoslavia 6 0.6 00- 24
Montreal Manchu China 5 1.4 00- 63
Ouhouju China 17 5.6 0.0-169
Pando Korea 5 3.8 0.0 -19.1
Peking China 3 0.9 00- 28
Pehing Kurodaizu China 4 2.5 00- 44
PESO772 China 4 35 1.8 - 49
PLYUOTOR China 5 0.0 0.0

Shutai 4 China 4 1.4 00- 4.6
Fimiriazerevskaja 144 USSR 6 0.6 00- 22
Yoshiokachuryu Japan 7 0.2 00- 1.6
Withash USA 3 33 0.0~ 55
634-13-108-98 Sweden 6 1.3 0.0- 5.6
R40.2.7 Sweden 6 0.5 0.0- 3.1
Shirotsurunoko® Japan 14 539 11.2 - 87.8
Yusuru® Japan 12 47.9 2.7 -899

“Shirotsurunoko® and *Yuzuru® are susceptible cultivars,
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ARTIFICIAL INOCUE ATION

Artificial inoculation was performed in 20 soybean cultivars which showed a lower
pereentage ol infection ina field at Naganuma. The results are shown in Table 3. The relative
percentage foreachagronomic characteristic of the cultivars inoculated with vellowing strain
was fower than that for the cultivars inoculated with the dwarting strain. For the dwarfing
strain. the relatve pereentage for cach agronomic characteristic in 20 resistant coltivars was
much higher thanthatof the susceptible cultivars *Shirotsurunoko” and Yusuru® suggesting
that these 20 caltivars were much more resistant 1o dwarling strain. On the other hand.
mocalation tests of the vellowing strain showed that the relative pereentage for the seed
weightvaned with the cultivars. Eighteen cultivars, but not "M and "Wabash™ showed o
high pereentage for the seed weight which is one of the important characteristies indicative
of resistance. Itis suggested that these 18 cultivars are moderately resistant to the yellowing
stramn. No cultivars imimane o SDV were found.

TABLE 3 Relative percentages from artificial inoculation tests using two strains of SDV, yellowing and

dwarfing,
Cultivars Plant height Number of pods Weight of sceds Weight of 100 seeds
Deaart Yellow  Dwarf Yellow  Dwarf Yellow Dwurt Yellow
Adams 86 84 o0 39 49 34 88 94
Akanita 9 6Y 90 ol 85 35 99 96
Bavender Special 102 75 77 72 65 47 89 74
Gokuwase Chishima 100 83 82 67 90 03 89 78
Harbinaska 231 81 70 77 46 76 3 95 88
Kimame 98 100 05 85 42 35 60 60)
hYRE B! 83 77 37 23 3y 10 91 67
Montreal Manchu 60 71 50 50 37 23 91 80)
Ouhowju 80 83 75 67 66 59 79 75
Pando 95 100 8Y 55 85 44 81 74
Pehing 82 82 63 45 74 54 96 89
Peking Kurodaizu 98 106 94 71 86 63 99 98
PI X772 116 107 103 73 109 55 92 86
PlI0763 97 87 68 57 92 40 98 80
Shutu 4 63 79 49 39 13 25 88 79
Timiazerevskaja (44 84 92 53 46 46 30 94 82
Yoshiokachuryu 105 95 9y 63 97 46 94 77
Wibash 80 73 73 24 80 15 90 73
034-13-108-9B 103 100 90 34 9] 22 92 53
840-2.7 Y4 106 08 51 55 35 100 8Y
Shirotsurunoko® 48 97 23 6 9 | 85 73

Yusury® 36 92 13 38 10 16 86 84

Dt is dwarfing strain of SDV and * Yellow” is yellowing strain of SDV,
* Susceptible cultivars.,

Breeding for resistance to SDV

[t was recognized that the soyabean cultivars ‘Adams’, ‘Bavender Special® and ‘Ouhouju’
are moderately resistant 10 SDV from results obtained until 1971 (Tanimura and Tamada
1976). But the agronomic characteristics of the resistant cultivars are inferior to those of the
recommended cultivars in Hokkaido. The crosses between these resistant cultivars and the
recommended cultivars have been performed since 1971, Hitherto, we have attempedtocross
134 pairs to breed SDV resistant cultivars with high yield and good quality. The moderately
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resistanteultivars used for the crosses were " Adams™ (31 pairsy Bavender Special ™ (8 pairs),
" Kimame™ ¢ 2 pairs), "Ouhouju’ (23 pairsy and hybrid lines origimating from the above
mentioned moderately resistant cultivars and the recommended caltivars in Hokhaido (08
pairsy. T the carly generations (1 to 1o selection was based on the absence of symptoms
ol SDAcood planttype, carly matanty and good quality from segregated populations at
Naganumie In the muddle generations (F 1o 1. the resistance of the breeding lines was
evaluated mthe ficldar Date. Performance tests forthe selected promising lines and artificial
moculation tests nsimg dwarting and vellowing strains of SDVwere carried out to evaluate
the resistance. Breeding lines resistant to SDV have been selected with desirable agronomic
characteristies. They originated from the 134 ere ses performed at Naganama, The reaction
ol T breeding lines among them and of check cultivars was evaluated under natural infection
at Date and artificial imoculation at Naganuma. The mean value of the percentage in the
breeding Tines was intermediate between those in the susceptible and moderately resistant
cultivars, Also the mean value in two promising lines (Chuiku 14 and Chuiku 17) was
especially less than those of other breeding lines tested under natura® infection at Date or by
artficial moculation. Moreover, breeding lines were established in a preliminary test at
Naganuma. Five lines were selected from many promising ones showing SDV resistance,
fagh vield and good quality (Table 4, They were “Chuiku 147" Chuiku 157, "Chuthu 16",
“Chuihu 177 and *Chuiku 187, In order to determine whether promising lines can be released
to tarmers they were tested ininsecticide-applied and non-applicd fiekds at Date in 1983, The
results are shown in Table 5. Inthe non-applicd ficlds. the percentage of infection and
redoction o yield of the three promising lines were lower than those of "Ouhouju’ and
“Adamsowhereas the susceptible cultivars *Yuzuru™ and *Koganejiro showed low yield.

UABLE 4 Agronomic characteristics of several breeding lines of soyabean in insecticide-applied
lields at Naganumi in 1981,

I 1ne o Date of Ladging Seed yield Relative Weight 100 seeds
culvars nmaturity score (t/ha) yield (%) (g)
Chuthn 11 O, 7 1.0 313 115 364
Chutha 13 Oct. 12 0.5 2.69 99 38.6
Chuthu 16 Oct. Y 0.3 2,79 103 3.5
Chuithu 17 Oct. 11 2.0 2.88 106 38.0
Chuihu IS8 Oct 11 1.0 3.04 112 33
Yusuru (8) Oct. 16 1.0 271 100 40,9
Ouhouju (R) Oct. 4 0.5 2.01 74 25.3

A new SDV resistant cultivar *Tsurukogane’

One resistant line *Chuiku 14 designated as a new cultivar *Tsurukogane” was originated
as an I line developed from the cross *Chuiku 1 x*Ouhouju’. *Chuiku 1" was selected by
pure line selection from (he landrace “Fsurunoko” which had been cultivated at Otobe town
in southern HokRaido. This cultivar has o white hilum, gives high yield and has a large sced
size (approximately 45 g per 100 seeds). “Ouhouju’ was similary selected by pure line
selection from landrace " Yonryuki® which had been cultivated in the Jilin districts off
mainland China. It has a white hitum, gives high yield and has a medium sced size
(approximately 25 @ per 100 seeds). [tis also moderately resistant to SDV. The cross was
performed in 1971 and carly generations were evaluated in the field at Naganuma, while the
later generations were evaluated in the field at Date. Also, it was evaluated by artificial
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TABLE 5 Results of performance tests for infection with SDV in insecticide-applied and non-applied
fields at Date in 1982,

Lane or Infection Plant Relative Weight
cultivar with SHV height Seed yield yield of 100 seeds
() (cm) (t/ni) (%) (2)
Non-applied
Chuihu 14 13.3 80 1.78 81 26.4
Chuiku 15 360 84 1.77 82 REN|
Chuiku 17 12.3 82 1.82 88 25.3
Koganejiro (S) 96.6 58 0.31 17 138
Yusuru {8S) 92.5 71 0.27 17 323
Adams (R) 30.2 103 1.15 53 14.7
Ouhouju (R) - 85 1.27 64 18.0
Applied
Chuiku 14 6.3 81 2.20 100 26.4
Chuiku 15 12.6 88 2.15 100 331
Chuiku 17 11.8 84 2.06 100 26.7
Koganejiro (S) 14.2 78 1.85 100 18.9
Yusuru (8) M5 78 1.62 100 374
Adams (R} 13.0 114 2.18 100 16.3
Ouhouju (R) 1.9 90 1.99 100 20.9

* Not measured.

moculation tests at Naganuma in 1981, 1982 and 1983. The performance tests were
conducted in both insecticide-applied and non- applied fields in 1983 at Date and Biratori
where SDV was usually serious. The results are shown in Table 6. In the non-applied fields
at Biratori, the pereentage of infection and yield loss of *T'surukogane” were much less than
those of the susceptible cultivar *Kitahomare™. Also, *Kitahomare remained immature at
harvest time because plants received serious damage. In the non-applied fickds at Date
similarly the pereentage of infection and yield loss of *Tsurukogane” were much lower than
those of *Yuzuru™. It was shown that *Fsurukogane” is as resistant to SDV as *Ouhouju’. The

TARLE 6 Results of performance tests for infection with SDV insecticide-applied and non-applicd fields
at Date and Biratori in 1983,

Infection Maturity Plant Relative
Insecticide Cultivars with SDV date height Seed yicld yield
(%) {cm) (t/ha) (%)
Date
Non-applied Tsurukogane 23.0 Oct. 11 66 2.28 80
Yuzuru 529 Oct. 16 54 0.82 39
Applied Tsurukogane 11.3 Oct. 11 68 2.84 100
Yuzuru 225 Oct. 16 57 2.10 100
Biratori
Non-applied Tsurukogane 359 Oct. 12 78 2.49 87
Kitahomare 96.4 immature 40 0.33 B!
Applicd Tsurukogine 15.1 Oct. 11 87 2.86 100

Kitahomare 35.7 Oct. 11 58 2,94 100
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performance tests showed that the mean vield Tor 3 vears was 2.89 t/hain the insecticide-
applicd fields at Naganumaand it was approximately 17 < higher than thatof a check cultivar
“Tovosuzu'.

“Isurukogane” was registered by the Ministry of Agricelture. Forestry and Fisheries as
“Soyabean Norin Noo 797 and 1t was released as o recommended cultivar in southern
Hokkaido in 1984,

Future strategies

As stated previously no cultivars immune to SDV were detecied among the germplasm
collections. We have already sereened 2682 soyabean cultivars for SDV. It would be
desirable to evaluate the resistance o SDV onabout 10000 specimens of the world soyabean
cermplasm which are collected in the USA. Taiwan and other countries.

Almaost all the lines selected for resistance to SDV originated from *Ouhouju’, whereas
onlyHines were derived fromother materials. The agronomic characteristios of the breeding
lines origimating from crosses with *Ouhouju” are superior to those of other SDV resistant
cultivars. eg. "Adams’, "Bavender Special™. ete. "Ouhouju™ has excellent agronomic char-
acteristics exeept lodging and small seed size. However, based on the results of natural
mtection at Date, the percentage of infection in “Ouhouju™ was found to be higher than in
other resistant cultivars. Although attempts were made to cross “Ouhouju’ with other SDV
resistant cultivars, almost all breeding lines derived from these crosses were inferior in
agronomic characteristics. Theretore, we should breed hybrids with a high combining ability
and SDV resistance. A new cultivar having better agronomic characteristics  than
“Isurakogane” should be bred by crosses between these excellent hybrids and the recom-
mended cultivars in Hokkaido.
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CHAPTER 14

Utilization of genetic resources for maize and
soyabean discase resistance in Korea

KEUN YONG PARK

Sovabean is one of the oldest native crops and has been grown for about 2500 years on the
Korean peninsular (Kwon 1972). The wild soyabean (Glveine ussuriensis) which is believed
1o be the ancestor ol today s cultivated soyabean is casily found throughout the country until
now,

As asource of protein and fat, soyabean has been grown as one of the major tood crops,
However, the acreage cultivated and production have heen reduced because of its Tow
productivity and low income. and imports for oifextraction/teeding have heen increased year
after year in recent times,

Maize is assumed to have been derived from Chinacin the mid-sixteenth century (Choe
1U86).

The consumption of maize grain has been rapidly increasing particularly for animal
feeding. However. most demands are met by imported naize, since the domestic production
ts limited by the shortage of cultivated acreage. On the other haned, the cultivated acreage of
stlage maize hasinereased inrecent vears and itis predicted to continue toincrease as animal
production continues 1o mcrease.

I this chapter 1 introduce the general aspects ot germplasm collection, evaluation and
atilization particularly for the study of virus discases of soyabean and the maize breeding
programs in Korea.

Major discases of sovabean and muize
SOYABE AN DISEASES

Major sovabean diseases in Korea are listed in Table 1. Among the discases soyabean
mosaic virus (SMV) and its necrotic mutant strains (SMV-N) are the predominant and cause
the most destructive damage in soyabean production.

TABLI Major sovabean diseases in Korea.

Common nanmg Scientific name

Sovabean mosie virus (SMV)

Bacterial bheht Pseudomonas glvcinea
Anthracnose Glomerella glveines
Purpie seed stain Cercospora kikuchii
Bacterial pustule Xanthomonas phaseoli
Downy mildew Perenospora manshuria
Pod and stem blight Diaporthe phuscolorum

Black root rot Calonectria clotalarise

SMV is a member of potato virus Y group which includes a large number of important
viruses (Edwardson 1974). SMV is primarily transmitted through seeds of soyabean plants
producing mosaic symptoms. The rate of seed transmission was reported as high as 68.4¢
i sovabean cultivar Midwest (Kendrick and Gardner 1924), but generally ranges Irom O to
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354 i most sovabean cultivars (Chung et al. 1973: lizuka 1973),

Based on virulence to siv resistant sovabean cultivars, more than 100 SMV isolates
obtaied from USDA germplasm collections were classified in seven strains (G1-G7) by
Cho (1978 and Cho and Goodman ¢ 1979,

Depending oncombinations of oy abean mosaic genoty pes and SMV strains. SMV ciuses
cithermosaic ornecrotic svinptams during <y stematio mtection. The necrotic reaction oce i
m sovhean cultivars resistant to fess virulent SNV strms when infected with more virulent
SMV strnns (Cho and Goodman 1974),

The first symptom of SMV-N was found in 1962 1 Suwon at the experimental plots of
cultivar Ryuhowoo 3 which was introduced from Japan aleading cultvar anag ven
resistant to mosaic viras (Lee etal, 1983),

The major leading sovabean cultivars Kwanghyo, Kangrim. Ryukuwoo 3. Fundacdu and
Tongbuktae are penerally resistant to mosaic but showed necrotic symptoms. The necrotic
SAINV was tentatively called bud blight in 1974 because the symptoms were very similar to
the tobacco ring spot virus CTRSV) (Lee etal, 1983),

Choand Chung (1980) reported five necrotic strains of SMV: G E G2, GS. Goand G7 were
identified from 220 Jeal samples collected through the country. The strains GS. Go and G7
occupied 60 of all isolates tested

ST DISEASES

Major maize diseases are listed in Table 2. Black-streaked dwarf virus (BSDV  is the miosd
miportant disease of maize in southern and central parts of Korea (Kimvetal. 1979; Park and
Flane TOST). BSDV has also produced epidemies in Japan (Shikata 197-h and China (Tasi el
al. TOSH The symptoms produced by BSDV on maize plants are severe stunting of growth,
adark green colouring of feaves with light grevish veins, and numerous swellings along the
veins on the Tower surface of the leaves resulting from abnormally enlarged phloem cells
eShinkai 19620 Maize plants die prematurely when infected carty. In the case of survival, the
whole plantis dwarfed as aresult of shortening of internodes. the tassels fail to develop and
the grain yvield is preatly decreased (Yasuo 1969: Youn and Chung 1986). BSDV i«
transmitted only by insect vectors, (I and Shinkai 1969: Lee etat. 1977,

Stmilar reports were made for the symptoms and vectors of maize rough dwart virus
MRDYY (Harpaz 1972). The small brown planthopper (Laodelphay striatellus) is the most
active vector transmitting BSDV i Japan and Korea (Shinkai. 1962: Lee et al. 1977).

FABLE 2 Major maize diseases in Korea,

Common name Scientific name

Blach streaked dwart vitus (BSDY) -
Marze dwart mosaic virus tNIDMV-RB) -
Northern leal blight Helmithosporium turcicum

Southern feat blight H. maydis

Stalk rot Diplodia spp.

Stadk rot Fusarium spp.

Soiut Ustilago mavdis

Sheath blight Thanatephorus cucumeris

Genetice resource collections made to date
SOYABEANS
Since the Korean peninsular is close to the origin of soyabean, Manchuria, many countries
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ave tahen an miterestin the collections, Scientists from USA i particular, collected 5496
accessions trom Korea during the peviod 1901 to 1976 (Park 1979y,

However senctic resources of several hundred varietios preserved throngh World War 11
were lostdurmg the Korean Warand only 120 varictios were preserved in 1960, By World
War I almost no vanetad improvement program: had been implemented. although some
varetal comparisons had been made wid the first hs bridization bieeding off sovabean wis
mitated m 1956 The firscachicvement wit hybridization breeding was the "Kwanghyo'
cubtivar which is very resistint 1o SNV and is high vielding.

A great contributor of land race collecnons of sovhean is D Shin Han Kwon, a radiation

mutation breederwhomade collections of more than 2000 aceessions throughout the country
i 1960s He also made anclaborate evaluation ot atl the collections and published Evaluation
of Korcan Soxabean Germplasm in 1978 tKwon 1978 Kwon etal. 1972, 1974,
The soyabean breeders inthe Crop Experiment Station have mavle continuous efforts in
callecting genetic resources of Tand race or exotic soy abean for their hreeding program sinee
the 1960, Today the total number of accession is 7302 including wild sovabeans (Table 3).
The systematic evaluation is not completed yet since the national plant genetic resource
program was established only in 1985, But this year, the third year of the program, most of
the callections will be eviluated and their valuable characteristios will be computerized,
documented and published by 1988,

FABLE 3 Number of accessions of soyvathean genetic resources in Korea,

Korea USA Japan China* Others Total

Culin 4808 957 387 634 208 7089
Wild 206 - 2 5 - 273
Fotal S074 957 REV 044 298 7 362

“China - including Taiwan,

Masr

Betore this maize breeding program was initiated in 1959 with several synthetic varietics
and double cross hybrids introduced from Nebraska State University in the USA. there were
no genetic resources preserved.

The collection of 26 landraces was made through agricultural extension organizations by
the Crop Experiment Station in 1962 (Park 1962). Secondly, 242 accessions of local
collections were made and major agronomic characteristics were investigated (Park et al.
[971).

Dr Bongho Choe. professor of Chungnam National University. made a valuable contribu-
tion i collecting focal maize landraces and evaluated various characteristics. He collected
948 ear samples throughout the country (Choe et al. 1978).

Maize breeders in the Crop Experiment Station made an effort 1o continuously collect
genetic resources of local landraces as well as exotic inbred lines and open pollinated
populations. The current number of total accessions is shown in Table 4. Evaluation for
atilization is going on as tor the soyabean collections.

Major achievements in breeding for disease resistance
SOYAREAN MOSAIC VIRES

Asalready mentioned soyabean mosaic virus is the most destructive virus disease in Korea
and I shall introduce some results obtained for the reactions of the differential cultivars to
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SMV strains, SMV screening, original genetic resource for the resistance and some con-
siderations.

TABLE 4 Number of aceessions of maize genetic resources in Korea.

Gram type Korea USA Japan China Others Total
Bent. thint 2819 823 5 7 556 5210
Sweet 96 - l - 97
Pop 120 74 - - - 194
Wiixy 125 RE) -~ 1 - 360
Others - 89 - - - 89
Total 4264 1116 5 9 556 5950

Reactions of the differential cultivars to SMV strains

The SMV strains were classified into 7 in 1979 (Cho 1978; Cho and Chung 1986) and two
more mutant strains were reported by Cho et al. (1983) (see Lee et al. 1985).

The reaction symptoms of the differential cultivars to the strains are shown in Table 5.

A mutant designated as GS5H caused necrosis in Hwanggeum-Kong cultivar and mosaic
symptoms in Jangbacg-Kong cultivar which were immune to other SMV strains, Reactions
of soyabean cultivars used as differentials caused by the mutant strain GSH were similar to
those caused by G3.

Another mutant designated as G3A caused only mosaic symptoms in Marshall, Ogdenand
Jangbacg-Kong cultivars. Reaction in other cultivars caused by G3A were similar to those
caused by G 3,

SMV strain G5 of GSH is reported as the most prevalent through mid to northern parts of
the country (Cho and Chung 1986).

TABLE S Reaction of differential cultivars to SMV strains.

Symptoms to SMV strains

Cultivars Gl G2 G3 G3IA G4 G5 G5H  Go u7
Rampage. Clark, Suwon 120 M M M M M M M M M
Davis. York - - - - N M M M M
Marshall - N N M - - - N N
Ogden - - N M - - - - N
Jangbaeg - Kong - - - M - - M - -
Hwanggeum - Kong - - - - - - N - -
Kwanghyo - - - - - N N

ZzZZ

Butfalo, 1.78-434 -~ - - - - - - -

- = symptomless, M = mosaic, N = necrotic

Screening of breeding materials for resistance

Since severe necrotic symptoms occurred in 1974 in Kwangkyo cultivar which had been
developed in 1969 with other cultivars resistant to mosaic symptoms, ficld screening for the
resistance was initiated with 373 preserved genetic resources in natural field infection. Nine
varieties were symptomless both to mosaic and necrotic SMV and those were thereafter used
as resistant gene source for hybridization breeding. The nine varicties are Patten, Ohdu,
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Lechamhwan, 210 20PERS300, PLOT640, P1RATST, PLROTIT and KLS 628-1.

Those varieties showing both mosaic and necrotic SMV resistance have poor grain char-
acteristies: black or brown seed coat colour with darkened hilum. small and flat seed shape,
ele.

screenimgs for SMV resistance have been continued 1o the present. In 1979 and 1980 a
series ol experiments to establish a reliable indoor screening for the SMV were conducted
at the Crop Experiment Station. Wayne cultivar appeared to be a good inoculum source of
necrotic SMV strain propagation since Wayne cultivar produced only mosaic symptom and
excellent transmission to other tested cultivars (Kwangkyo) when inoculated with the tissue
sap of Wayae plants (Choe et al. 1978).

The other field screening methods were compared to provide better evaluation for the
necrotic SMV from 1982 1o 1985, Willians cultivar showing mosaic symptoms was used as
spreader (propagational host), being inoculated with GHS. In 1982 the inoculated spreader
method gave results similar to natural infection in average infection rate of susceptible lines,
butin SMV-N susceptible cultiviar Kwangkyo infection rate of inoculated spreader method
was twice natural. And in 1983 the inoculated spreader method showed a big difference from
natural infection,

New genetic resources resistant 1o SMV strains

The results obtained from the recent sereening for resistance o SMV strains indicate that
there has been a great advance since the resistance breeding for SMV was initiated in 1974
with the hybridization with the resistant genetic resources which had a poor grainquality. The
results of recent screening for the resistance to SMV strains of various breeding lines and
other materials are shown in Table 6.

TABLE 6 Indoor inoculated screenings for SMV resistance of various breeding lines in recent years
(Crop Exp. Stn. Suwon: 1984-86).

Breeding materials

Year oyT PYT AYT RYT Others Total
1984 Tested 194 48 15 - 105 362
Selected® 19¢10)¢ 1(2) 2(13) - 2(2) 24(7)
JURS Tested 106 30 12 I 195 354
Selected 11(11) 3m 2(17) 1(9) 12(6) 30(8)
1086 Tested 92 36 12 12 162 314
Selected 13(14) 11(31) 217 2(17) 14(9) 14(13)

* OY'T = obervational yield trial; PYT = preliminary yield trial; AYT = advanced yield trial; RYT = Regional
yield trial.

" Selection was made for the lines resulted resistance both to mosaic and necrotic SMV.

© Percentage of lines selected in parenthesis.

BLACK STREAKED DWARE VIRUS IN MAIZE
Sereening methodys

Since 1979 the screening for BSDV resistance has been carried out in the field at Taegu
where the natural infections are the most severe in the country. However about once in three
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vears very light infections occurred and the sereenings were not accurate. Hencee, an indoor
artificial inoculation method was developed by the virologist collaborating with maize
breeders.

The vectorinsect, small brown planthopper (Laodelphay striatellus) can be multiplied in
the cage where rice seedlings are grown as host plant. Multiplied planthoppers can absorb
BSDV in another cage where BSDV infected rice plants are grown. BSDV infected
ptanthoppers are then reteased into a net tunneld for inocutation of the maize seedlings,

Utilization of genetic resources

Since BSDV was found in 1977 as a destructive virus disease in maize production in the
central and southern plain areas, continuous screenings for the resistance have been carried
out with various genetic materials. In 1977, H93, H9S5 and Ga209 were selected as moderately
resistant among the exotic inbred lines and a single cross hybrid *Kwang-ok ™ (Suweon 29)
which showed moderate resistance to BSDV was released to the farmers from 1979 (Kim et
al. 1979y And a three-way cross hybrid “linju-ok™ (Kwang-ok x Ga209) which showed a
tittle higher resistance to BSDV compared to Kwang-ok was released to farmers in 1983
(Park et al. 1974).

Nine accessions were selected in the 1979 sereening among the 170 local lines collected
throughout the country. Those were highly resistant and were derived from the areas of
BSDYV prevalence, and it was considered that BSDV was epidemic foralong time in the areas
and natural selection has been continued.

A comparison of the resistance to BSDV made in 1970 between local and exotic lines is
shown in Figure 1.

Nampyong-ok (Ga209x KL10), a single cross hybrid was reicased to the farmers, which
showed further higher resistance to BSDV compared Jinju-ok hybrid (Park etal. 1987). K110
is an inbred hine developed from a local collection selected in 1979, But K110 has some
defects inagronomic characteristics such as feaf blights, car height, grain size and lodging
tolerance, cte.

Several populations has been under improvement since 1983, being sib-pollinated with
resistant sources of local collections, and the exotic sources of moderate resistance and other
agronomic characteristics were improved. This indicates that high BSDV resistance can be
selected among the local collections, but they have to be improved in other agronomic char-
acteristics,

20

o

ol Local collections (44)

W : Exotic lines (56)
13
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FiIGURE 1 A comparison of resistance to BSDV between local collections and exotic lines (1980).
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CHAPTER 15

The resistance of sorghurn to head smut and its inheritance

CAO RUHUAL WANG XIAOLING, REN JIANHUA AND NAN CHENGHU

Head smut [Sphacelotheca reifiuna (Kithn) Clint] 1s one of the major discases of sorghum.
The seriousness of the discase is closely correlated with resistance of varieties. As resistant
varicties took the place of susceptible ones, head smut decreased rapidly. But, when varicties
fost resistance. it became sertous again. For this reason it is considered by researchers
everywhere that growing resistant varieties is the maimn practical solution for the control of
this discase (Bar Jinkar 1980: Hu Jicheng 19832 Lo Qingsan 1985). In order to tind out new
resistant resources and provide athoretical basis for resistance breeding programs, studies on
the resistance to head smut and ity inheritance were carried oat during 1981--1985.

Materials and methods

Some | 239 sorghum \'umpl wsm resources were identified during the past five years. The
test nuaternils were planted i late April or in carly May. In cach experiment material was
planted in two rows, cach row was 7.5 mi fong and they were spaced 33 em apart. Each row
had 25 holes and each hole contained two plants. Seeds i cach hole were covered with 100g
of soil containing 0.1% spore of head smut fungus, The experimental Tungus race was
collected from diseased ears of JinZa No. 5 sorghum (Fenvang county. Shanxi). When
discase symptoms were fully expressed. the mcidence of disease on the main stalks was
examined. Resistant types were classitied according to the following standards: varieties
with 0-0.5% of discased plants were constdered as highly resistant; 5.1 10,0 as resistant;
10.1--30.0% as susceptible and above 309 as highly susceptible.

Onthe basis of resistance identification. in 1984 nine restoring hines (eg. Shangtingsui) and
cightmale-sterile lines (eg. Cuo Ay were used inaninheritance experiment with incomplete
diallel cross design. from which 72 hybrid combinations were obtained. In 1985, 1 of 72
hybrid combinations and their parents were planted according o a randomized block
arrangement with three replications. The methods of planting and inoculation were the same
as that used in resistance identification. Healthy plant percentage was used as the resistance
mdex and aresine transformation of the percentage was carried outin the analysis of variance.
On the basis of theoretical composition of cach variance, genotypic variance of combining
ability and population heritability were estimated according to Mode! TH (Liu Laifu 1984).

Resnbts and analysis
IDEN FICATION OF RESISFANCE IN SORGHUM VARIETIES/LINES

Of the 1239 sorghum germplasm resources used for identification, highly resistant
varieties inciuded Shangtingsui, Baibowang, Bairuangaoliang, A TX624, A TAM428,
ATX022. ATX623 and ATX624 (8 varicties, accounting for 0.6% of the wotal). Resistant
varieties amounting to 16 (1.3%) were Duansanchi, Zhuyeqing, Erhuangjiao, Hedong,
Langwetbagaoliang, 4198, Dadadbo, Wudalang, Xinzhougaoliang, Dahuange, Dadiangxi-
ang, Zhengyansan, Bayeqing. Erfanglan, Mugewo, and Poxiepian. The rest were susceptible
or highly susceptible. Head smut of sorghum in China has the phenomenon of physiological
differentiation. The resistance of varieties mentioned above is relative in the light of fungus
races. When utilizing these resistant varieties, attention must be paid to the composition of
the focal physiological strains (Wu Xinlan 1982).
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INHERITANCE OF REstsTaNCE
Expression of resistance in sorghum hybrid combination

Table Tshows that there existtwo types of resistance inheritance to different varictics —
quantitative inheritance and qualitative inheritance. For example, AJTXAO24, A TAMA2S,
ATXO22 and ATXO21 were crossed with nine of their parents in P2 group., s appeared ali
mmmune. and their resistance was completely dominant, possessing qualitative inheritance
characteristics. whereas the nine parents in P2 group were crossed with Cuo 1A, 3197A and
ATX3197, the resistance of I, was in the middle of their parents approximating ihe value
ot midparents. Healthy plant percentage in their hybrid combinations showed consecutive
distribution: types of resistance and susceptibility could not be classified distinctively, it
possessed quantitative inheritance characteristics.

TABLE 1 Healthy plant percentage of P1oand P2 parents and F hybrid combinations.
) ¢ Ny

Pl Coo 1A 3197A A TX3197 A TXO2d A TAMIZE ATX622 ATX623 ATX624

6232 6378 S0.14 100 i 100 100 100

p2
Shangtingsui

104 87.74 89.40 78.22 100 100 100 100 100
Wudalang

URR 8274  80.30 69.84 100 100 100 100 100
Baibewang

1) 8290 7891 73.44 100 100 100 100 100
Dabayeqing

82.21 7947 7220 72.76 100 100 100 100 100
Duansanchi

80.26 7790  74.01 71.02 100 100 104} 100 100
Ninzeugaoliang

R7.15 74.68 7548 65.28 100 100 100 100 100
Huanggaoliang

78.33 77.84 8383 75.05 100 100 100 100 100
Ninhang

6045 66.25  61.66 66.92 100 100 1(}} 104 100
Sanchisan

6-4.54 7240 68.05 49.49 100 100 100 100 100

Resistance of different parents and hybrid combinations and quantitetive inheritance

As shown in Tables 2 and 3, the analysis of variance indicates significant difference in
resistance between varieties/lines and hybrid combinations belonging to quantitative inheri-
tance. Therefore, resistant sources for disease resistant breeding can be screened from
abundant sorghum germplasm resource through identification of discase resistance, and
discase resistance hybrids can be obtained hy using these resistant sources.

Resistance of varieties belonging 1o quantitative inheritance and additive effect genes
Table 4 shows that the general combining ability of parents” resistance was highly
significant, while their specific combining ability exhibited no significant difference. In
addition, broad sense heritability and narrow sense heritability was 65.53% and 57.58%
respectively; and the variance of resistant general combining ability and that of specific
combining ability was 95.14%. and 4.87% . respectively. This indicates that resistance of
varieties /lines belonging to quantitative inheritance was mainly governed by additive effect
genes. This resistance can be fixed and stably inherited. F, may produce transgressive
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segregation. In addition, the environmental conditions have alse some effect on resistance.
Theretore, in the process of sereening and identifying resistant sources, not only should
experimental conditions be strictly controlled, but also repeated identifications should be
conducted.

F'ABLE 2 Variance analysis of twelve parents.

Varanee Sum

resouree D.f. of squares Mean square F value
Varieties 11 71729443 652.086 29.15"°
Replications 2 1494316 74.72 3.34
lirror 22 492.1668 22,37

Signiticant.

TABLE 3 Variance analysis of hybrid combinatioss.

Varianee Sum

resource D.f. of squares Mean square F value
Replications 2 44.003 22.00 1.19
Combinations 26 2373.225 91.28 494°°
Error 52 961.30 18.49

" Significant.

TABLE 4 Variance analysis of combining ability.

Varianee Sum Mean Maodel | Model 11
source DI ol squares square F value F value
g (P 2 514,26 257.13 13.91° 11.37°°
2(P2) 8 149,70 187.13 10,12 827"

S,P12) 16 36192 22.62 1.22 1.22

Error 52 961.30 18.84

" Significant.

Results and discussion

I. The resistance of different sorghum varieties/lines to head smut shows significant differ-
ence. Some useful resistant sources can be sereened through identifying of resistance, and
some resistant hybrids can be developed by using appropriate breeding methods.

. There are different ways of inheriting resistance between varieties/lines. Some varieties
express characteristics of qualitative inheritance, while some express characteristics of
quantitative inheritance. The resistance of varieties/lines belonging to quantitative inheri-
tance is mainly governed by additive cffect genes.

X. The conventional phytopathological methods have long been used for classifying types

of resistance. This study adopted genetic methods to classify resistant types of varieties.

19
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Preliminary results show that filial generations can be obtained by means of certain
crosses and that experiments on resistance inheritance can be conducted on the basis of
certain conditions of artificial inoculation with only one race. When resistance presents
quantitative inheritance it may be considered as non-race-specific resistance (horizontal
resistance): whenresistance presents qualitative inheritance, it may by considered as ruce-
specific resistance (vertical resistance) (Zeng Shimai 1979,

4. i recent years, some resistant hybrids (cg. Jinza 4 and Jinza 5) have lost their resistant
ability because of variation of head smut fungus, and have turned into susceptible
varieties. Some scholars have pointed out that head smut of sorghum like stripe rust in
wheat. powdery mildew of wihcat and blast of rice has the problem of losing resistance.
They also think that the fundamental way to make resistance last for a long time is to
rationally wtilize race-specific resistance (vertical resistinee). and to exploit and utilize
non-race- specific resistance (horizontal resistance) (Zeng Shimai 1985). This study for
the first time shows that resistance of sorghum to head smut is controlled by two kinds of
gene types. major and minor ones, respectively, while it has provided a theoretical basis
for rationally wtilizing these two kinds of resistance.

5. Production practice has shown that hybrids made from 3197A were almost immune to
head smut. However, with the variation of head smut fungus, they gradually have tost their
resistance and turned into susceptible varieties. This indicates that 3197A possessed race-
specific resistance to the original race of fungus. However, in this experiment 3197A
exhibited characteristics of quantitative inheritance. It was because of the variation of the
fungus that the major gene of 3197A had not resisted to infection of the new race, while
the effect of minor genes was not strong cnough to overcome the toxicity of the new race,
so the hybrids developed by 3197A crossing with susceptible varicties all appeared
susceptible.
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CHAPTER 16

Genetic resources utilization in barley breeding in Japan
HIROSHT SASAKI

Some examples of new cultivars of wheat and barley that have played an important part will
be introduced first. One is the wheat cultivar Chihoku-komugi released in 1981, In Hokkaido.,
in the north of Japan, the area planted with wheat has increased tenfold in the past 10 years.
Until then Horoshiri-komugi and Takune-komugi released in 1984 had been grown there,
Althoughthe two cultivars accounted tor more than 40% of the wheat planted area. they were
not of good quality for making Japanese noodles. owine 1o the semi-hard properties of the
flour. but not suitable for bread. As the planted arca of these “ultivars has increased. so has
the demand for improved quality by processors and taiiicrs. Just in time. a new cultivar,
Chihoku-komugi, of good quality was released and it became an effective replacement,

The second s the new 2-rowed malting barley cultivar, Misato Golden. Since 1980, barley
sellow mosaic virus (BYMV) spread to Kanto and Kyusyu, main cultivation districts of 2-
rowed barley. Cultivation of 2-rowed barley with non-resistance became impossible in
contaminated fields. The first resistant cultivar to BYMV as malting barley., Misato Golden,
was released by Tochigi Prefectural Agricultural Experiment Station. Cultivation is now
possible inthe contaminated area. Afterrelease of the two cultivars the seeds were distributed
to the farmers as rapidly as possible,

Barley cultivation in Japan

InJapan “mugi” is a general term that refers to wheat and barley: wheat is called ‘komugi’
while barley is "omugi”. Wheatand barley have been major crops after rice. Until about 1920,
barley was grown more than wheat because it was an important staple food supplementing
rice.

The planted arca of barley which amounted to about 1.3 million hectares in the 1910s
decreased to 0.75 million in the 1930s. During the 1950s and the 1960s the arca decreased
considerably due to increased rice production, lack of profitability to the farmers, and the
large quantity of barley imported at low prices. In the 1980s the policy to reduce rice
production together with the subsidization of wheat and barley cultivation stimulated barley
production: consequently the planted area of 2-rowed malting barley and 6-rowed covered
harley has increased slightly.

Barley is classified in Japan into 3 categories: 6-rowed covered, 6-rowed naked and 2-
rowed covered barley. Six-rowed covered and naked barleys have been used for human or
animal feed. Two-rowed barley is mostly used for malting. The five years average yield per
hectare is. at present, about 3.0-3.4 ton. Although the national average yield has been
increasing gradually. itis still about 1.5 ton lower than in European countries. The relatively
low level ol yield may - be ascribed 1o various factors such as the double cropping system
which restricts the growing period available for barley, in the middle and western part of
the country, where about 80% of barley is grown in drained paddy ficlds, cultivation under
heavy snow in the region facing the Japan Sea and high precipitation and temperature at
harvest time in many areas.

For example, the climatic conditions of the London area in the United Kingdom are
refatively mild throughout the year compared with those prevailing in the Mito. Takada and
Takamatsu areas. Monthly mean temperatures, from Aprit to November in the London area
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are lower than in the above three areas, and the precipitation ranges from a quarter to a hall
of those areas. {n addition, snowlall at Takada in winter is very heavy and harley lies under
the snow for more than four months. Such conditions are notoptimal for growing barley. The
main districts for the cultivation of 6-rowed covered barley are Tohoku, Hokurikuand Kanto,
for o-rowed naked barley. Shikoku.and for 2-rowed madting bartey . Kanto and Kvusyu, Only
in Hokkaido is spring barley arown for nalt, Barley cultivation in Japan currently accounts
for 22 000, 10 400and 79 600 hain the case of 6-rowed covered, G-rowed naked and 2- rowed
covered barley, respectively. Covered and naked barleys display o distinetly separate
distnibution with covered barley being grown in the castern part, and naked barley in the
western part of Japan. The ditfference in winter hardiness between the types is considered 1o
be the main reason for this. Domestic production ol barley has reached 396 000 ton whilst
the amount of imported barley is 2 284 000 ton, a self-sufficiency ratio of 16%.. Domestic
harley is used tor tood (pearled. mixed and cooked with rice), tea, malt, feed and seed.

Development of barley breeding

InJapan bariey breeding started in 1904, but was discontinued in 1932, In 1941 systematic
breeding of 6-rowed barley was resumed at 6 Prefectural Agricultural Experiment Stations,
Untib 1954 the breeding of 2-rowed madting barley had been conducted only by private
brewing companies. Since then several designated Prefectural Agricultural Experiment
Stations fully subsidized by the National Government have initiated breeding work on
malting barley.

At present hulled barley breeding is carried out at three National Agricultural Experiment
Stations, and the Nagano Prefectural Agricultural Experiment Station. Naked barley breed-
g is conducted at the Shikoku National Agricultural Experiment Station, Two-rowed
malting barley breeding is carried outat the two Prefectural Agricultural Experiment Stations
of Tochigi and Fukuoka as a national project. and at the Kitami Prefectural Agricultural
Experiment Station, and by four brewing companies namely Kirin, Sapporo. Asahi and
Suntory (Figure 1). There are also several supporting laboratories responsible for wheat and
barley germplasm, breeding methads, and malting quality improvement and testing in the
national breeding program. In addition, 14 testing stations for specific characters have been
established to determine selection indices for resistance to cold weather and snow, or 1o
several discases including barley yellow mosaic virus, powdery mildew, snow mould, and
scab. Eleven Prefectural Agricultural Experiment Stations have been designated to conduct
local adaptability tests.

BREEDING FOR EARLY MATURITY AND SHORTENING OFF THE CULM

In Japan barley is sown in autumn, except in Hokkaido, as the second crop in rotation with
rice or summer upland crop. Consequently, the interval between harvesting barley and the
transplanting or sowing of the succeeding crops is very short, which makes the double
cropping systemimpossible in the northern part of the country. Inaddition, the harvest period
for barley tends to I Tin the rainy season when the crop matures late. For these reasons it is
essential to breed cultivars that mature as carly as possible. In the case of 6-rowed covered
barley in the Kanto district, tall and late maturing. normal types of barley had been grown.
However. duetothe development and increased application of chemical fertilizers, they have
been replaced by the semi-dwarl uzu type of cultivar which is carly maturing and shorter,
without any reduction in yielding potential (Table 1). As the breeding object had been
directed toward earliness and shortening of the culm, successful results were also obtained
for mahting barley. The heading date has been advanced by 14 days and the culm length was
shortened by 35 e,
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FIGURE 1 Breeding stations for barley in Japan.

TABLE Progress made in the breeding of 6-rowed covered barley.

Year of Name of Culm length Maturity Grain yield (1/ha)
release cultivar (em) date Stdnd.lrd Drill
Local var. Tora-no-o 101 June 4 - -
1914 Sekitori-sai | 80 May 30 44 6.0
19603 Doriru-mugi 70 May 29 5.0 7.0
1960 Kashima-mugi 75 May 25 4.7 7.0
1976 Katori-mugi 70 May 28 5.0 15
1976 Hayami-omugi 72 May 25 48 73
7

(Nonaka (979)
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BREFDING FOR STRAW STIFENESS

In order 1o breed cultivars resistant o lodging. two approaches can be considered:
shortening of culm length and increase of culm stiffness. Since the culm length of 6-rowed
cuttivars had been reduced to some extent. further efforts were made to strengthen the culm
which is more fragile atmatarity than that of wheat or 2-rowed harley. As breeding material
for straw stiffness Hagane-mugi has been extensively used. Several cultivars, both in Japan
and Korcahave been bred from Hagane- mugi crosses. 1 fagane-mugi displays aheavierculin,
a thicker culm wall, a larger culm diameter and stronger resistance 1o cubm breaking
compared with the representative uzu type Sekitori-sai | (Table 2).

TABLE 2 Comparison of characters relating to lodging.

Dry wi per unn Thickness of Culm Bending moment of
culm length culm wall diameter culm wi breaking
(mg/mm) tmm) (mm) (g.cm)
Hagane-mugi [ 110 5.60 1110
Sekitori-sat 1 13 0.86 4.54 431

tOCa, Suzuki and Udagawa 1966)

BREEDING FOR RESISTANCE T0 BYMV

To control barley yellow mosaic virus, which had caused serious damage to 2-rowed
barley. the first resistant selections bred from Mokusekko 3 at the Tochigi Prefectural
Agricultural Experiment Station were crossed with lines with a high malting quality. As a
result. many cultivars and parental lines have been bred from there (Figure 2). Another
resistant cultivar was reicased from Fukuoka Prefectural Agricultural Experiment Station in
1986. Because malting barley breeding groups have made extensive use of the Mok uschko
3 gene. most of the currently promising lines are resistant to BYMV. On the other hand,
Hagane-mugi. mentioned above as a source of straw stiffness, was found 1o have another
resistance gene to BYMV, Kyushu National Agricultural Experiment Station released the
first BYMYV resistant 2- rowed non-malting barley cultivar Ishukushirazu in 1981, In the 6-
rowed barley breeding program the mutation line Ea 52 has been used and promising lines
have been bred from it As a result of cooperation with the virus rescarch section, new
mformation is heing obtained on race differentiation, and cfforts will have to be made to
mtroduce further resistance genes in future breeding programs.

BREEDING FOR QUALITY

In 6-rowed barley breeding programs quality selection has been undertaken for yield of
pearled grain, pearling time and whiteness of pearled grains using atest pearler. On the other
hand, the nutritional quality of naked barley has been improved and several promising lines
bred at the Shikoku National Agricultural Experiment Station. However it remains difficult
tocombine the high whiteness of pearled grain with high nutritional quality. In malting barley
breeding programs priority has been given to quality selection. Recently high quality
cultivars such as Amagi Nijo, and Haruna Nijo have been released as a result of extensive
work on quality selection. As shown in Table 3. considerable progress has been made in
malting quality improvement.
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Improvement of malting quality.
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BYMY resistant cultivars and lines using Mokusekko 3 as the gene source.

Cultivar

Tochig Golden Melon
Hakata 2
Shunset

Serjo 17
Satsukt Nijo
New Golden
Azuma Golden
Miho Golden
Fuyi Nijo 11
Amnagr Nijo
Haruna Nijo
Tsuyusirazu
Misato Golden
Nirasaki Nijo
Satsukibare
Nisino Gold
Mikamo Golden

Year of
release

Maht

extract (%)

1915
1935
1953
1964
1964
1965
1971
1975
1975
1978
1979
1984
1985
1985
1985
1986
1987

78.2
76.0
774
78.3
80.6
78.0
78.3
79.2
80.7
80.4
82.4
81.4
80.4
83.0
834

(Tochigi 1984)
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Utilization of genetic resources

Until the 19505 Tocal cultivars or pare line selections accounted for most of the barleys
grown. Forexample, the uzu cultivars of the Sekitori group for 6-rowed covered barley, the
tzu caltivar Akashingiki for 6-rowed naked barfey. and the normal type Golden Melon
mtroduced from abroad ahout 100 vears agoas well as a group of pure line selections for 2-
rosmed malting barles. The first 6-rowed covered Norin cultivar Satsuki-mugi developed by
cross breeding was released in 1951, the tirst 6-rowed naked cultivar Norin | was released
m 19 and over the subsequent 40 years a further 28 cultivars have been released. For 2-
rowedbarley.the first Norin cultivar New Golden was released in 1965 and has been tollowed
by I cultivars over the subsequent 33 years, Atprivate brewing companics ¢ross breeding
started carty i the 19205 and Hakata 2 was released in 1935, Sinee then many cultivars have
been developed by cross breeding and mutation breeding.

As TochigiPrefectural Agricultural Experiment Station had conducted the evaluation with
more than TOOO caltivars at the start of 2-rowed malting barley breeding work (from 1954),
mdany genctic resowrces have been used to search the excellent gene sources for a new
breeding objective, But the genetiv resources which played an important part in crosses of
Norin cultivars were few and almost all were Japanese local cultivars or those introduced in
former days. This may be ascribed to the fact that main local or old cultivars and lines bred
from them have played a part in adaptation to various conditions in Japan, and many other
cultivars have done for improvement ofspecific charactersas suchaparental line. Until 1983,
the germplasni Taboratory of wheat and barley had collected 6 000 wheat and - 500 barley
cultivars. These collections included the breeding lines and Norin cultivars donated by cach
breeding section.and old cultivars., relaiive or wild species of wheatand barley by Okayama
University and Kyoto Universiny . A catoguce of nearly 10 000 cultivars is 1o be published.
The data will compare cultivars of Japanese and overseis origin. Cultivars of Japanese origin
tend towards carly maturity and shortculm. This result seems to relate to the high ratio ol uzu
types and selection (Figure 3),

In 1983, the MATT Gene Bank Project started. It has continued to collect, evaluate and
distribute the genetic resources. At present. total colicetions of wheat and barley at the Gene
Bank Center amount (0 26 000 and 13 000, respectively.

Over four years about 3 500, 900, 500, and 340 culiivars were mvestigated for primary
evaluation, powdery mildew . scab and BYMV. respectively (Table 4.

TABLE 4 Exatuation of barley varieties, cultivars and breeding lines by Gene Bank Project ( 1983-86).

Primary evaluation Powdery

(12 characters) Mildew Scab BYMV
t-rowed covered 1 500 K& 1 104
O-rowed naked 500 40 150) -
2rowed barley 1 500 - 260 340

There are as yet many uninvestigated cultivars and more practical characters to be
cvaluated (secondary evaluation, Table 5), and the catalogue is to be published.
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FIGURE 3 Comparison of maturity for barleys of Japanese and overseas origin.

TABLE S Characters investigated by Gene Bank Project.

Primary eviluation Secondary evaluation®

I, Growth habit 1. Rust resistance

2. Uzuor normal type 2. Mildew resistance

3. Culm length 3. Scab resistance
4. Ear fength 4. Resistance to snow injury
5. Number of rows of spike 5. Cold tolerance
O, Awnness 6. Yellow mosiic resistance
7. Glume colour 7. Green mosaic resistance

8. Grain size "8, Lodging resistance

9. Gran colour (only naked) 9. Resistance to pre-harvest sprouting
10, Distinction of naked or covered P10 Protein content

1. Heading stage P11 Yield and related characteristics
12, Maturity stage *12. Quality and related characteristics

*The manual is being prepared.
" Not tested.
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CHAPTER 17

Rice breeding for cold and blast resistance
in Yunnan Province, China

NOHORISUE WANG YONG-HOUA, JIANG ZHINONG, T, HIGASHL,
WANG HEUATYL KOMORIYA AND T, KUNIHIRO

The Tropical Agricutture Research Center of Japan and Yunnan Academy of Agriculture
Science Of Chinahave restudied fundamental research programs of the joint research project
onrice breeding once every three years. The first and the second period programs conducted
from 1983 10 1987 covered three major subjects.

First. the purpose was to breed new varieties having cold and blast resistance, and good
capacity even i high altitude arcas in Yunnan, Second, to test cold resistance and the
atilization i breeding of genetic resources provided by Japan and China. Third, to test blast
reststance and genetical analysis of the genetic resources. The following gives an outline of
the results obtained so far,

Breeding new varieties having cold and blast resistance, and high yicld

I The problem was tiken charge of by a breeding work group. The rescarch, concerned (1)
breeding new varieties for cold and blast resistance. (2) raising yield and quality for the
altitude zone in Yunnan, (3) selecting intermediate parents on important charateristics,
h accumulating genes on cold and blast resistance and high yield, and (5) studying an
ceotype of rice.

2. The object of w Japan and China joint breeding project is to raise new varieties of an
intermediate type hetween the Japanese and Chinese varieties. Plant type features, e.g.
culm length, the mimmber of panicles and grains of a panicle, should have several varieties
according to cach area. The main object is to find new varieties having cold and blast
resistance. farge sink size. good ripening ability. and a high yield and good quality.
Recently. cultivation of intermediate-type varieties such as Sinan-175, Yunyi-1-hao,
Dianyu-1-hao, and Chungang-3-hao is becoming prevalent in Yunnan. These varieties
show better gualities than those of Yunnan-type varieties. However. cold and blast
resistance, and todging resistance are not good enough.

3. Crossing of Japanese and Chinese varieties in ihis project began in 1983, The most
advanced generation of the material reaches F, as of this year. Table 1 shows the yield
ratio results of a performance test for reccommendable varieties conducted at thirteen
places in Yunnan provinee in 1986, Results of the test showed that yield ability of grow-
ing lines in a joint study was very great at heights of less than 1900 metres, and also
comparatively good inareas atover 1900 metres when the lines had rather cold resistance.
These lines featured a little carlier maturing, culm length ranging from short to middle,
good ripening. high yield. and good quality on the whole. Cold resistance ranged from
middle to middle-strong. Blast resistance was also good on the whole. However, testing
was not perfectly executed.

4. Itis difficult to tell whether elite lines can be raised or not by crossing Japanese and
Yunnan varicties. However, after studying characteristics obtained in I ,and F, genera-
tions of Japanese and Chinese crossings, we found that there were nmny c}mmucrlsllu
featuring cither hybrid vigours or weakness in heading date. culm length, grain size, ete.
in F, generations. Some individuals exceeded their parents possibly resulting in higher
ylcld capacity in F, generation, We feet that Yunnan and Japanese varicties possibly
belong to the same | apmm.llvpc socross compatibility is high. But genetic backgrounds
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TABLE 1 Yield ratios of growing lines compared with standard variety Yungeng 136,

Place and height (m) above sea level

A B C D I I G " I J K [ Average

Name of lines

and varety 1580 1653 1745 1774 1R40 1860 1906 1990 1920 (900 1916 20

Hew 1 hao 03 112 126 108 98 126 90 RO 69 113 117 81 1M
Heai 2 hao 17 113 133 118 s 11 93 97 S 110 T 95 116
Hew 3 hao 123 1 12 1ts 1w KU 97 o0 9 107 7814
Hexi 4 hao 107 91 129 120 95 16 560 8 1200 1 RS vy
Hexi § hao 114 119 142 116 122 iy 87 87 100 112 8S 75 1006
Hesn 6 hao 90 N4 128 122 90 105 87 HH 50 94 94 75 93
Hent 7 hao 137 112 109 126 (16 120 90 1S [{] 78 94 70 105
Henr 8 hao 120 111 135 129 103 107 83 81 103 9 b 79 1
Hewr 9 hao 123 104 142128 110 87 99 102 141 92 86 103 113
1S4 Yungeng 136 OOy (LOOY (LOM C10OY (1OM)y 100y (1000 (10O0)  (L0O) 100y (100Y (100) (1)
() Yungeng 9 hao 9] 107 06 b1 73 144 93 V0 109 109 97 110 94
(5) Yungeng 136 618 673 624 640 568 629 726 769 IRY S92 602 432

Cold weather damage was severe in Zhaotong and Wading, Hexi 4 hao is an early maturing variety, There was bird or rat damage
msome places. The bottom line shows the purified grain vield (kg/ha) of standard variety Yungeng 136, using 8O hushed rate.

0.

Az Houajie B: Baoshang  C:dienggung D: Kuangning E: Luliang 12 Anning
G: Quying H: Dali I: Zhaotong J: Xishanyg K: Kunming L Wading

are different. So there may be hybrid vigour i the IF, generation. On the other hand. in
the F, generation alternative charateristics are combined in various cases and yield
capacity may increase. (Figure 1),

Amongst the Japanese varieties used so far. Todorokiwase, Toyonishiki. Himenomochi
have shown good parental features. Among the Yunnan varieties, Yungeng—135, Jinhon-
[-hao. 79219, and Dianyu-1-hao can be named. These Japanese varieties have a good
reputation even in Japan. Yunnan varicties, except Dianyu-[-hao, are classified as
Yunnan- type having ultra heavy panicles, long culims. and big cars. It is believed that
these Yunnan varieties have become good parents, after various types of individuals and
lines were segregated and ereated. Wide variation has been introduced by crossings with
Japanese varieties,

When Yunnan-upland rice was used for the purpose of producing varietics having high
blast resistance. many lines having good plant posture with high blast resistance were
found in the crossing lines of uplard rice with Dianyu-yu-1-hao. Race specificity of
fungus strain must be borne in mind because blast resistance of Yunnan-upland rice may
be influenced by a major gene.

Testing cold resistance, and use of genetical resources for breeding rice having cold
resistance

I

19

In this rescarch by a cold resistance-work group, items included (1) researching cold
resistance of genetical resources provided by Japan and China, and of materials raised by
the breeding work group, (2) selecting and breeding intermediate parents for cold
resistance, (3) studying genetical analysis and establishing breeding methods. and (4)
selecting standard varieties and establishing testing methods of cold resistance.

About 500 samples provided by both China and Japan were tested to study cold resistance
in several environmental conditions such as natural cool weather conditions, temperature
controlled conditions, and cool-water irrigated conditions from 1983 to 1986.

As a result, many Yunnan-native varieties showed more resistance than Japanese ones
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FIGURE 1 Examples of genetic features of individuals in Japanese and Chinese varieties crossing in Fz
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(Table 2). Especially Lijian-xintuan-heigu, Kunming-xiao-baigu, Banjie-man, and
Gandiao-3-hao showed the high resistance at booting and flowering stage in natural cool
conditions. Generally these varieties featured long culms. big cars, and ultra heavy
panicles. Plant posture and grain quality were inferior to Japanese ones. Among Japanese
varieties, (Fuji) Chubo 42, Somewake, Hayayuki, and Otori showed medium-strong
resistance. Delizaoxian and Chuxian, indica varieties. showed medium cold resistance,
[t1s possible that Japanese varieties are regarded as dwart and unsuitable ones in Yunnan
because of differences between China and Japan in daylength and other meteorological
conditions. Itis also possible that Japanese ones show lower resistance to cold there than
i Japan. They may have been evaluated untairly. Considering this situation, it is possible
that Yunnan varicties show the same trends when they are tested in Japan. It is interesting
to use both varieties to study various characteristics including resistance to cold when the
conditions, daylength, temperature and soil. are changed. and also interesting to study
what kind of lines can be produced when both varieties are crossed.

In Yunnan province there are more than ten stations breeding Japonica-type paddy rice.
Recently, many improvements not only in general characteristics but also in cold
resistance among the breeding varieties have been recognized. But among the interme-
diate-type varicties between China and Japan, there are only a few beyond the class of
medium-strong in resistance to cold. Intermediate types including Kunming, showing
characteristics of medium-sirong level cold resistance and a constant yield even in colder
zones at heights of between 1800 and 2200 metres, are expected to be developed in the
near future. At the same time. intermediate type having characteristics of medium level
cold resistance and high-yield capacity at heights of between 1500 and 1800 metres are
expected to be developed.
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TABLE 2 Varieties higl.ly resistant to cold under natural cool conditions.

Level of First provided materials Second provided materials®
cold resistance Yunnan Japanese Yunnan Japanese

varieties varieties varieties varieties
High Lijian xintuan heigu

Gangdiao 3 hao
Banjiemang
Kunming xiao beigu

Resistant Pannong 1 hao Fuji Chubo 42 04-108

Zhaotong maxiangu
Kunming 830
Liezthouan

Medium resistant Yun 83-139 Somewake 80-2
to resistant Yungeng 9 hao Ootori 04-2865

Dianhoua 3 hao
82-148
Yunertian 022
151 nuo
Weihonggu®
Zapu®

* Among the second provided materials, some varicties were tested for only one year, Levels of resistance will
change from now,
* Upland rice.

5.

0.

Meteorological conditions during the rice breeding season in Yunnan, located at high
altitudes, feads to continuing cold weather damage. In Kunming, average 10-day tem-
peratures, from the middle of May 1o the end of August, change slowly from 18.5° 10
20.2C showing the highest temperature at the beginning of August. For this reason, cold
weather damage only takes place in some specific carly and late maturing varicties unlike
Japanese ones. There are various types of cold-weather damage cach year. Thus it does
not take so many years to find varicties presenting cold resistance.

In testing breeding lines, the cold resistance tests must be completed inonly one year. It
ts thought to be possible to use subterrancan water at the Yunnan Academy of Agricultual
Science in summer. [ is roughly 17°C and comparatively stable. We thought there was
a high possibility of finding ways of testing cold resistance by means of proper irrigation
using this water. In addition, we have prepared cool-water supplying facilities for testing
coldresistance at various growing stages, and are going to begin studying testing methods
using irrigated fields where temperature is controlled.

The cold resistance of the progeny after crossing Japanese and Yunnan-varieties
generally features a middle point between parents in the I, generation, and is mostly
distributed in the middie of parents after the F| peneration. Therefore we must use
arieties having high resistance for both parents in cold resistance breeding. There is a
possibility of obtaining progeny having greater cold resistance than both parents because
the resistance gene is accumulated when the parents having cold resistance are crossed
(Figure 2).

Recently. Suzuki has stated that there is a close relation between cold resistance and the
length of anther and stigma. We found that there was a close relation between cold
resistance and the length of anther, but not between cold resistance and the length of
stigma. We also found that the length of anther amonyg the varie.des was not much
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FIGURE 2 Distributivn of fertility in F_ individuals derived from crossing between Somewake and
Kunming beizugu. Fertility index 1-10.

influenced by environmental conditions while a sterile rate, an index of cold resistance.
was greatly influenced by them (Figure 3). That means anther length can be used for the
index of cold resistance whenever or wherever cold weather damage takes place.

0. We attempted to use anther length for cold resistance breeding by using the crossing
populations and lines of varicties from both Japan and Yunnan. As a result, anther length
generally indicated overdominance in the F, generation. Correlation between anther
length and sterility rate of the next generation became closer and closer as generations
advanced. So did correlation between parent and sibling anther length (Table 3). It was
thought the selection of variceties on the basis of anther length was more effective in an
advanced generation than in an carly generation.

- We have determined standard varieties having cold resistance in accordance with the
different ripening times after several experiments in natural conditions (Table 4).
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TABLE 3

Correlation of anther length with grain sterile parameter and anther length of next

generation,
1985 1986
Combination Number of F, generation Number of F, generation
materialy & Place Grain  Anther  materials & Place Grain Anther
generation sterile  length  peneration sterile length
. 2
!(\,h”b(). 4;'/ 74 Kunining *ae e 36 Niang bl b
unmng E3 0411 0343 F4 0761 0839
xtaobeigu
74 Shuwangshio kbl * 16 Shuwangshio bl i
F3 0400 0.273 F4 -0.769 0.801
Nishihomare/ 40 Kunming Ladd * 35 Hiang ** LA
Yungeng 135 F3 0446 0435 F4 0.524 0757
40 Shuwangshio * 35 Shuwangshio b
F3 0309 -0.185 F4 0.678
Statistical significance —  *** 0.1%, ** 1%, * 5%
TABLE 4 Standard varieties with cold tolerance in Kunming.
Resistance Maturing group
Early maturing Middle maturing Late maturing
Resistant Pannong | hao Kunming 830

Medium resistant

Medium
Weak

Hamaasahi
Fujiminori
Towada

Kunming 217
Jingning 78-102
Hidekomochi

Yungeng 20
Xinan 175
Nipponbare
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Testing blast resistance and gene analysis of genetic resources
[. The blast resistance group was concerned with (1) testing blast resistance on genetic
resources supplied by Japan and China and o breeding materials, (2) selecting and
breeding onintermediate parents, (3) breeding  ogenic lines having different types of
blastresistance. (4) testing pathogenicity of Yunnan blast fungi. (5) analyzing genetics
of blustresistance and establishing its breeding methods., (6) selecting standard varicties.
and establishing testing methods Tor blast resistance.

2. Westudied how responsive the varieties in Yunnan were to typical fungi of blast seen in
Japanand Chinaand compared the result with the standard Japanese varieties. As aresult,
the varicties in Yunnan were assumed to have Pr&, Pioa, Pi-i, Pi- k7 as blast-resistance
gene. Fheyare thought to be comparatively simple (Table 3). Japanese varieties, to which
true resistance from foreign varieties had been applied. are theught to have wider varieties
of blast genes.

A After examining the pathogenicity of blast fungi collected from various places in
Yunnan. using the standard Japanese varicties. we found that its race composition in
Yunnan was more complicated than in Japan. For example. there were many fungi
mvading Pi~t, Pi-ta. There were some fungi showing unstable pathogenicity to the
varieties Kanto-51, Tsuyuake and Pi No 4. Studying the differences in distribution of
blast fungi races in places where Japonica. Japonica-Indica, and Indica rice were
cultured. we found that the distribution was simpler in the Indica—Japonica cultured zone
where rice was mainly grown. than in the zones where Japonica or Indica were cultured
separately.

4. Forthe purpose of studying utilization effects of true and field resistance. we conducted
experiments in response to blast at about 20 places in Yunnan, using several kinds of
varieties such as (1) specific varieties for judging blast, (2) true-resistance accumulated
varieties, (3) isogenic lines of a kind of Nipponbare having different genes for blast, (4)
possible standard varieties for the study of field resistance, and (5) Japanese and Chinese
upland rice.

TABLE S Estimated true resistance genes to rice blast in Yunnan paddy rice varieties.

Lijian sintuan heigu Zhaotong maxiangu (Yungeng 129)
+ Xihong 131 Xinan 175 Jinning 65-36 (Yun 83-14(0)
tYun 83-144) Yungeng 9 hao
(Banjic man) Lianshuigu (Gandiao 3 hao) Yixi 8126
Pioke Xijin I hao xuan Jinnuo 1 hao) (Dali 75-64)
Keging 3 hao Jingguo 9-2) Jingguo 9-3
Jianjiang 65-113 Yungeng 5 hao
Pi-a Yungeng 79-635
Pk (Kunming xiaobeigu) Ximinghuanpigu Yungeng 21 Jinning 277
Pi - Dali 59-701 Dali 635-781 Yungeng 20 Yun 83-147

(Lizihuang) (Zapu) (Pannong 1 hao) (Yungeng 136) Yungeng 133
Pi i (Yungeng 79-219) Jinghong | hao (Jinning 768) Yun 83-128

(Yun 83-147)
Pi k Jiniandao)

ek Kunming 830 (Yun 83-138)

s Qingnong 1033
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TABLE 6 Frequency of pathogenic races which have virulence to each differential variety in

Yunnan,

Differential varietics Resistant Race distribution (%)
gene A ' B
Shin 2 Pi-k* 96 95
Aichiasahi Pi-a 86 85
Ishikarishiroge Pi-i 81 KN]
Kanto 51 Pi-k 59 52
Tsuyuake Pi-k™ 21 17
Fukunishiki Pi-z 8 6
Yashiromochi Pi-ta 59 49
Pi Nod Pi-ta? 7 5
Toride 1 Pi-2! 0 6
BL ! Pi-b 3 14
K39 Pi-t 53 35
Lijian xintuan heigu + 100 100

A: Collected around the YAAS,
B: Collected from various parts of Yunnan,

TABLE 7 Blast response of varieties in different cultivated zones.

. Indica Indica-Japonica Japonica
I A N
Lijian xintuan heigu + (\S) @) (S) (S) (S) (S) Q\Aj) (S) (S) (é) (S) <S) (S)
Shin 2 O NOROIOEOIOXO) M9 (® M (s) (s)

®® ©

Aichiasahi a O ®E®GE®E ® MG
Ishikarishiroge i @) R (§> (5) R (.S) M (9) M (ﬁ) M (S) (9)
Kanto $1 k MR MR () MMIES) DM) M M (5) M
Tsuyuke OMRMIE O MIR OO M MG kM
Fukunishiki 2 R M R R R R R M R R" M R Rt
Yashiromochi ta M R R" MR R R" R M M (5) Ms M
P’i No4 ta? R R'" R R" R R"R" R R' RV M gv g
Toride | 2 R R" R" R R* RV R R RN RN M RY R
BL 1 b (& R R R R R R R M R oM R R

A: Sumao B: Ruili

H: Yuanjiang

I: Jianshui

C: Menzu
J: Kunming

D: Chuxing
K: Zhanyu

E: Niang
L: Zhaotong

F: Shiping
M: Wuding

G: Baoshang
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0.

The experiments were performed in a nursery test, As a result, there were some features
inresponses of true resistance genes. Varieties having +, i k' and Pi-a did not show any
resistance in almost all the places.

Those having Pi-i, Pi-k Pi-k7, Pio1. Piotaindicated resistance in some places. On the
other hand. those having iz, Piota, Pi-2', Pi-lpresented high resistance inalmost all
the places.

Astofield resistance, interaction between varieties of the same gene and places in disease
severity was recognized to be significant. However, resistance level did not vary between
places. We concluded that field resistance took effect. Japanese and Chinese upland rice
showed high resistance inalt of the places.

Allof the Japanese upland rice was susceptible to the injection of blast fungus, race 037.
But some of the Yunnan upland rice was resistant. Judging from this, those varicties are
thought to have some true resistance.



CHAPTER 18

Vegetable germplasm at AVRDC and its utilization in crop
improvement with special reference to disease resistance
breeding

ROMEO T OPENA, S. SHANMUGASUNDARAM, G.C.J. FERNANDEZ,
YOON JIN-YOUNG, H. TAKAGL AT, TSCHANZ AND S.K. GREEN

The primary goal of AVRDC is to develop improved technology in the form of tropically
adapted vegetable cultivars and appropriate management practices. Since its inception,
AVRDC has vigorously underscored the importance of diverse germplasm assembly 1o
support the crop improvement programs for its principal crops. namely, tomato, Chinese
cabbage, sweet potato, soyabean, mungbean, white potato and pepper. which was added only
recently. Over the past decade. the elite genetic materials of these erops have been wtilized
by AVRDC scientists to develop new cultivars that are more resistant to disease and tolerant
of environmental stresses in the tropics. AVRDC has been active in disseminating improved
breeding lines and elite accessions for use by national programs, cither directly as commer-
cial cultivars or as parent stocks in breeding.

In this chapter we present the the genetic resource and crop improvement activities on
AVDRCs principal vegetables texcept white potato and pepper) with special emphasis on
disease resistance breeding.

Discase constraints of vegetables in the tropics
Areview of the discases capable of attacking AVRDC's principal vegetables in the tropics
1s given below:

Tomuio

Tomatoes grow fairly well in the cool, dry regions of the tropics but are often attacked by
many discases during the hot, humid season. Some Y or so of 51 tomato diseases are important
in the hot, humid tropics (Villareal 1979: Yang 1979). These are bacterial wilt (Pscudomonas
solunacearum). rootknot nematode (Meloidogyne incognita), tomato mosaic virus, leafmold
(Cladosporium fulvuny, grey leafspot (Stemphyvilium solani), Septoria leafspot (Seproria
Ivcopersici), southern blight (Sclerotium rolfsiiy, early blight (Alternaria solaniy, late blight
(Phytophthora infestans), and powdery mildew (Ervsiphe polvgoni; Leveillula taurica).
Bacterial spot (Xanthomonas campestris pv. vesicatoria) has also become a severe problem
in the humid tropics (Opeia et al. 1986a)

Chinese cabbage

Three diseases among several afflicting Chinese cabbage, namely, softrot, downy mildew,
and turnip mosaic virus, are considered important in the hot, humid tropics (AVRDC 1974).
Softrot (Erwinia carotovora) is most damaging during the hot season. Downy mildew
{Peronospora parasitica) is a serious problem only in the carly or ate summer planting in
the fringes of the tropics or in the cool, moist highland regions. Turnip moesaic virus, while
relatively unimportant during the hot, rainy periods. could be damaging during the hot, dry
season.,
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Sweet potato

Although relatively less ravaged by discases than many other vegetables, sweet potato is
attacked by several pathogens such as black rot (Ceratocystis fimbriata), Fusarium wilt
(Fusarium oxysporum {.sp. batatas). Javablack rot(Diplodia tubericola, D. Lossyping),scab
(Lsinoe batatas). scurl (tManilochates infuscans), soil rol (Streptomyees ipomoea), witches
broom (a mycoplasma-like organism) and viruses.

Diseases did not receive a particularly strong cinphasis in the first decade of the AVRDC
sweet potato program. AVRDC's production survey of Asia and the Pacific in 1982
indicated, however, that discases are also important production constraints (Lin et al, 1983).
Of the discases cited, scab was the most previlent, followed by Fusarium wilt and witches®
broom.

Munghean

Several discases. especially Cercospora leal spot (C. canescens, C. cruenta). powdery
mildew (£Ervsiphe polvgoni), mungbean yellow mosaic virus. the root discase complex
(Pythium sp.. Rhizoctonia solani, Fusarium sp.). reniform nematode (Rotvlenchulus reni-
Jormis), and root-knotnematode (Meloidogyne sp.y. can cause large yield losses inmungbean
(Morton et al. 1982). Cercospora leaf spot is severe during the warm rainy season; whereas
powdery mildew thrives well under cool, dry weather. The root discase complex is favoured
by cool temperatures. More than 20 viruses have been reported to infect munghean. The moie
common ones are mungbean yellow mosaic virus (MYMV), blackgram leaf crinkle, and
mungbean mottle virus (Anon. 19845, of which MYMV, transmitted by whitefly (Bemisia
tabaci), is the most severe, especially in the Indian subcontinent.

Sovabean

Thirty-five economically important diseases have been reported for soyabean worldwide
(Sinclair 1986). Among them, the following have been frequently cited and researched in the
tropics (Shanmugasundaram and Tschanz 1985: 1986): fungal discases—soyabean rust
(Phakopsora pachyrhiziy. anthracnose (Colletotrichum truncatum: Glomerella elveinesy,
targetspot(Corvnespora casiicola); frogeye leaf spot (Cercaspora sojinay: purple seed stain
(Cercospora kikuchii): downy mildew (Peronospora manshurica: pod and stem blight
(Phomopsis sojae), and root and stem rot (Rhizoctonia solani: Fusarium oxyporun 1. sp.
traccheiphilum. Pythiun sp.. Sclerotium rolfsii, Sclerotinia sclerotiorumy; and bacterial
discases—bacterial pustule (Xanthomonas campestris pv. phaseoli); bacterial blight
(Pseudomonas syringae pv. glveineay, and wildfire (Pseudomonas svringae pv. tabaci).
virus discases—soyabean mosaic virus, soyabean yellow mosaic virus, soyabean dwarf
virus, and blackeye cowpea mosaic virus,

The root gall-causing Meloidogyne javanica, M. arenaria and M. incognita are the most
important nematodes attacking soyabean in the tropics.

Of the fungal discases. soyabean rust, downy mildew, anthracnose, purple seed stain, and
pod and stem blight are the most serious in the tropics. Soyabean rust occurs both in the rainy
and dry seasons but is more serious in the dry-season crop with irrigation. Downy mildew is
also a dry-season discase. Bacterial discases, purple seed stain, and pod and stem blight are
common in the rainy scason. Among the viruses, the whitefly-transmitted yeHow mosaic
virus is the most serious: but it is endemic only in the Indian subcontinent,

Grenetice bases for the crop improvement program at AVRDC
GIERMPLASM ASSEMBLY S THE NEED FOR GENETIC DIVERSITY
The diversity of discases that attack AVRDCs principal vegetables presents a formidable
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challenge to their survival and productivity, Crop improvement programs aimed to meet this
challer ze require broad genctic pools from which to derive the resistance genes that the new
breeding lnes must have. Over the years. AVRDC has built up its genetic resources 10
sizeable numbers (Table 1 These genetic resources are being maintained, characterized,
evaluated. catalogued and distributed worldwide by the AVRDC s Genetie Resources and
Seed Unit (GRSUY incolluboration witt the institute’s crop improvement scientists. The
genetic bases supporting AVRDCs crop improvement activity tor each principal crop are
further elaborated below.

TABLE 1 AVRDC germplasm collection as of September 1987.

Commodiny Accessions
Chinese cabbage 846
Mungbean 5274
Sovabean 12 505
Sweet potato 1219
Tomato 5484
Pepper 2 500
lotal 27 828
Tomato

AVRDC maintains one of the world’s largest collections of tomato germplasm, totalling
some 6 099 accessions. Of this total, more than 90% belong to Lvcopersicon esculentuni.
Other species included are L. esculentwm var. cerasiforme, L. pimpinellifolium, L. hirsutum,
Lopervianum L. cheesmanii.and a tew interspecitic hybrids (esculention < pimpinellifolium
and esculentum - hirsution). Inaddition, 528 cultivars and other genetic stocks are still in the
breeders™ active collection,

Chinese cabbage

The AVRDC Chinese cabbage collection comprises 846 accessions. An additional 200
accessions have not been permanently numbered. The emphasis on collection has been on the
subspecies of interest, Brassica campestris ssp. pekinensis, which constitutes more than 90%
of the total collection. Other materials collected were B, campestris (ssp. chunensis, ssp.
parachinensis, ssp. narinosa, ssp. japonica, and ssp. rapa). B. juncea and B. napus (Tay and
Kuo 1985).

Sweet porato

A total of 1 219 accessions from 32 countries is in the AVRDC sweet potato collection,
Germplasm from Papua New Guinea, Taiwan and the USA account for about 70% of the
total. AVRDC has been officially designated by the IBPGR as the repository for sweet potato
germplasm in Asia and the Pacific. Efforts are now underway to introduce the sweet potato
germplasm from countries in the region for maintenance, discase climination and eventual
distributton.

Munghean
AVRDC has been designated by IBPGR as the genebank for the world mungbean base
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collection. A total of' 5 274 mungbean accessions from all over the world are kept as both base
and active collection (Tay and Kuo 1985).

Sovabean

AVRDC has assembled 12 330 soyabean accessions originating from 53 countries.
Among them  11920are Glveine may: 344 are Gsojazand 60 belong to 11 other wild Glveine
species (Shanmugasundaram et al. 1983),

IDENTIFICATION OF DISEASE-RESISTANT STOCKS

Fhe development of disease-resistant tropical breeding lines at AVRDC has been well-
supported by plant pathological research on the nature of discases. screening technigues, and
disease scoring methods. Results from these studies have been applied in screening the
AVRDC germpliasm collections and breeding populations for discase resistance. Through
the years, the AVRDC plant patl-ogists have amassed valuable information on discase-
resistant germplasin for use by AVRDC plant breeders and other rescarchers worldwide. A
summary of the important l|<>|m.ll discases of AVRDCs crops and the availability of
resistant germplasn is given in Table 2 and Table 3. The identification of resistant stocks is
further elaborated below:

Tomato

The multiplicity of diseases infecting tomatoes in the humid tropics necessitated the
prioritization of goals in discase resistance breeding (Opeia T985: Opeia of al. 1986h).
Bacterial wilt (BW) received the highest priority at the outset. Leal- -clipping of young
seedlings with a pair of scissors dipped in @ mixture of highty infective BW inocutum was
the standard BW sereening luhnlqlu for many years (Opena et al. 1986b). However, this
method has inherently high variability for amount of inoculum delivered per plant and has
thus been replaced recently by a fild screening technique (AVRDC 1985; Opeia and
Tschanz T987). Some of the most imiportant BW-resistant stocks that have heen identified
and used in the breeding program are as follows: the VO lines series from the Philippines:
cultivars Venuas and Saturn from North Carolina, USA: 1. 336 cunknown): and PI 406 994,

Four genetic ditferentials have beenused at AVRDC 1o identify the major strains of tomato
mosate virus (ToMV) (Green etal. 1986). ToMV resistance is conditioned by two dominant
genes. Gene Tm-Limparts resistance to Strains 0. 2, and 272 whereas, gene Tm-2 conditions
resistance to all strains except Strain 2. Tm-2 has an alicle, Tm-2, which confers resistance
to-all strains except Strain 27, As the most common strains in Taiwan and Southern Asian
countries are Strain 0 and 1. the incorporation of Gene Tm-2" into AVRDC's tropical lines
wis adequate (AVRDC 1985: Green et al. 1986). Using artificial inoculation techniques.

AVRDC virologists have identified a number of genetic stocks carrying the different
resistance genes, singly or in combination, The ToMV-resistant stocks that have been used
in the AVRDC tomato program are as follows: L 127 (ah Tm-22), L. 5340 (Ohio MR-12). L.
3341 (Ohio MR-13). L. 5337 (Moperou), 1. 5338 (M()umm). and a number of recently
released cultivars,

The AVRDC tomato collection has also been explored for resistance to other viruses. such
astomato yellow leat curl virus (TYLCV), potato virus Y (PVY ). and cucumber mosaic virus
(CMV). Good resistance 10 PVY has been found in L. hirsutum (VE-111 series). Promising
resistance 1o TYLCV has been observed among accessions of 1. hirsium (LA 38683 and LA
129383) and L. peruvianum (V1.-115).

Rootknot nematode resistance is controlled by a single dominant gene, Mi derived from
L. peruvianum. Miis tightly linked to Aps-7 (an isozymic locus for acid phosphatase) which
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TABLE 2 Important tropical diseases of AVRDC's horticultural crops and availability of resistant
genetic materials.

Caosal orzanism Resistance sources #
Crop/disease bacterta fungi virus nematode accession breeding line
Toemato
Psewdomonay solanacearum + +
Nunthomonas vesicatoria . +p p
Fomato mosaic virus . + +
Potato virus Y . + p
Meloidogynue incognitu . + +
Cladosporium fulvum . + -
Stemphyliom solani . + -
Neptoria Ivcopersici . + -
Nclerotim rolfsii . n -
Viternaria soluni . + -
Chinese cabbage
Lrwinia carotovora . q e
Peronospora parasitica . + +
Turnip mosaic virus . + +
Sweet potato

Fosvinoe hatatas . +p p

" Please refer o the text for examples of resistant germplasm.
¢ Eaily crop maturity under adverse tropical conditions sought as alternative solution.
1 Genetie resources have not been evaluated yet,
I Evaluation/breeding activities in progress,
g Vanctal differences observed bui questionable value in breeding.
Discase resistance breeding not yet activated.

+ Reststant genetic materials available,

gives aunigue isozyme banding pattern that can be used as a marker in resistance screening
(Rick and Fobes 1974). At AVRDC, the technique of electrophoresis is used to screen
segregating materials and germplasm originating from California’s nematode-resistant
stocks. As the linkage between Miand Aps- 1 has already been broken in other stocks. notably
tho:e from Hawaii, we also use the nematode egg inoculation method as an alternative screen
(Opena et al. 1986b). AVRDC pathologists and chemists have sereened a number of
germplasm stocks, especially those reportedly carrying the Mi gene. Some of the stocks that
were confirmed as nematode-resistant and used initially in the AVRDC tomato program are
as follows: 197 (Healani). L. 274 (Kewalo), L 275 (Hawaii 77935). 1. 345 (Cal-Mart VIN),
and L3890 (727T6). Recently, we have began to use a number of nematode-resistant cultivars
released by commercial seed companies as parent stocks because of their improved
horticultural characteristics such as large fruit size and better fruit firmness.

Chinese cabbage

Varietal differences in reaction to artificial softrot infection have been observed; however,
no reliable source of resistance has been sucessfully exploited. thus far, in the breeding
program,
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TABLE 3 Important tropical diseases of AVRDC's legume crops and availability of resistant genetic

materials.
Causal organism Resistance sources®

Crop/discase bacteria fungi virus nematode accession breeding line
Mungbean
Cercospora caneseens,
Cercospora cruenta . + +
Ervsiphe polvgoni . + +
Poty virus . + -
Unknown virus o + +
Soyabean
Phakopsora pachyriizi . +,t t
Xanthomonas campestris pv.

phaseols . + +
Peronospora manshurica . + +
Soyabean mosaic . + +
Poty virus isolate 220 . + +
Pscudomonay syringae pv.

phaseols . + -

* Please refer to the text for examples of resistant germplasm,

U Accesstons and breeding lines tolerant to soyabean rust are availabe,
- Disease resistance breeding not yet activated.

+ Resistant genetic materials available,

The development of turnip mosaic virus (TUMV) resistant genotypes had depended pre-
viously on complex infection until a specific strain concept was established (Provvidenti
1980: Green and Deng 1985). Five distinet strains of TuMV have been recognized so far,
AVRDC virologists have successtully identified resistance to TuMV strains C1. C2, and C3
among Chinese cabbage germplasm (AVRDC 1985). Resistance to the above strains appears
to be common in Chinese cabbage. On the other hand., resistance to strains C4 and C5 is rare,
having been observed only in Accession B 730 (AVRDC 1985, 1987a). Another useful
accession. B 708 (PL4189S7), carries immunity to strains C1 and C3 and resistance to C2 and
CHAVRDC 19874).

Accessions, breeding lines and segregating repulaiions av oramartly exposed to downy
mildew (DM) epiphytotics, cither natural, artificial, or both, An in vitro technique using
sporangia production on detached cotyledons, inoculated and incubated for 12 hours at 14°C,
promises 1o be a useful tool to screen a large number of seedlings under controlied
environment (AVRDC 1987a). The most promising sources of DM resistance used by the
AVRDC breeders were Korean introductions., particularly accession B 742 (AVRDC 1985).
B 639 (Hakuran). a synthetic amphidiploid between B. campestris ssp. pekinensis and B.
oleracea,has also shownan excellent DM resistance and has been the important donor parent
in a backcross program to transfer the resistance to B, campestris ssp. pekinensis (AVRDC
1987a).

Sweet potato
Lack of methodology for rapid artificial multiplication and effective screening for sweet
potato scab resistance had blocked progress in the past (Opeifia et al. 1987). Scab is not
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cndemic under AVRDC conditions, occurring rather infrequently during the hot, humid
season. thus mitigating the use of natural ficld sereening technique. the AVRDC pathologists
havenow developedasuitable in virro propagation techigue of the causal organism, the rapid
screening method viaartificial inoculation. and the disease scoring method (AVRDC 1987¢).
These techniques have been employed i identitying scab-resistant germplasm. In several
screening tests, aceessions T TE7S (V22300 11206 (G 6), and 11213 (GI 13) have been
confirmed as resistant (AVRDC 1987, b).

Munghean

The methodology for rapid production of Cercospora leafspot inoculum and the inocula-
tion technique were developed and used in resistance sereening at the early stages of the
AVRDC mungbean program (Mew et al. 1975).

Accessions,segregating populations and advanced breeding lines are evaluated normally
under natural and/or artificial epiphytotics of Cercospora leafspot (CLS) and powdery
mildew (PW) during these seasons: spring (March-May). summer (July-September), and fall
{September- November). Resistances to CLS and PM were identified from thousands of
mungbean accessions sereened at AVRDC. Examples of aceessions with high levels of CLS
resistance are V 2773 VATIR and V 3000, all from India. and V 1160, an amphidiploid from
the Philippines. PM-resistant stocks include V4717 and all of the above CLS-resistant
aceessions exeept V 5000,

Several viruses causing mottling. mosaic and leaf crinkle symptoms on mungbean have
been isolated at AVRDC and at Pingtung., Taiwan (Anon 1983). One of the viruses. with a
host range confined largely to the Tegume family, is seed-transmitted and is serologically
related to cucumber mosaic virus, A new, aphid-transmitted poty virus has also been recently
solated in Taiwan. The virus isserologically related to blacke ve cowpea mosaic virus, adzuki
bean mosaic virus and the NY-15 strain of bean common mosaic virus (Anon, 1984).
Resistance to the seed-transmitted. unknown virus has been found among accessions V 3686,
V 2010, and 'V 298, and among clite breeding lines and parental stocks (AVRDC 1987h).
Resistance to the new poty virus was not detected among clite breeding lines but immunity
15 present in accessions V 1682,V 1153, and V 1745 (AVRDC 1987b).

Sovabean

Much of the known disease-resistant soybean germplasm (Palmer and Kilen 1987) has
been re-evaluated at AVRDC. Additional sources of resistance to other discases have also
been identified from the AVRDC collection.

Four independent, major dominant genes conferring resistance to four difterent races of
soyabean rust have been identified (Hartwig 1986). The resistant stocks and the specific
genes they carry are PL200492(Rps! Rps 1), PL230970 (Rps2 Rps2), PLI62312 (Rps3 Rps3)
and PLASY025 (Rps4 Rps+). More than 10 000 accessions have been evaluated for rust
resistance at AVRDC since 1973, However, all of the reported genes for resistance were
found compatible with the virulent rust races present on Taiwan. [tappears that the pathogen
can readily evolve new races to overcome the specific resistance genes. Tolerance. defined
as “therelative yielding ability of a genotype under severe disease epidemic’. was therefore
explored as an alternative avenue to combat soyabean rust.

Two sereening methods have been used 1o evaluate rust tolerance. The first method.
applicd specificatty to variable populations. involves the growing of test materials during a
severerustepidemic and concurrently selecting for yield and yield loss potentials. Soyabean
rasireduces the seed size but not the pod size. Therelore, yield loss potential can be evaluated
by comparing seed size toseed cavity size. A standard tolerant cultivar is used for comparison
tShanmugasundaram and Tschanz 1985, 1986). The second method. applied to stable lines
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andaccessions, uses asplit-plotdesten where the with and without fungicide treatments serve
as main plots and lines as sub-plots. Both high vielding and tolerant check cultivars are
included tor comparison. Selection for tolerance is based on both Jow vield foss and high
vieldo Using these techniques. tolerant materials have been identified in the AVRDC
germplism collecnon and breeding lines CTschans and Tsai 1983,

Based onreaction to downy mildew under nataral field infection. Shih Shih was identified
as anexeellent source of downy mildew resistance.

The procedure used in sereening for pustule (BP) resistance has been described carlier
(Shanmugasundaram and Tschanz 1985, 1986). Eighteen accessions were noted (o be highly
reststant 1o BP at AVRIC. The resistance levels in these accessions were better than those
observed in ONS (CAVRDC 19870, A lew examples of these BP-resistant aceessions and
their original identities are as follows: G 2025 (Hutton). G 20353 (Bragg), (5 2296 (Bossier),
G A9 PTITIS). G SO8T7 (Cobby, G 5090 (Tracy). and G 2424 (SREF 400).

Accessions G 380G 2042 and G 4919 were found 10 be immune io severl soyabean
TIOSIHC VITUS SUrains.,

Utilization of AVRDC's disease-resistant vegetabie germplasm
BREVDING FOR DISEASE RESISTANCE ANONG AVRDC™S PRINCIPAL VIEGETABLES

The identification of discase-resistant germplasm is only a necessary first step in crop
improvement. Inmany cases. the discase-resistant stocks lack the desired array of characters
that commiercial cultivars require and must. therefore, he genetically manipulated so as 1o
bring their useful genes into commercially aceeptable genetic backgrounds. Thisis the major
task of crop improvement scientists.,

AVRDC scientists work as amultidisciplinary team to achieve the desired goalsotthe crop
improvement program (Opena et al. 1986b). For discase resistance breeding. the combined
¢Horts of plant breeders and plant pathologists are very crucial prerequisites.

Among self-fertilized species such as tomato, mungbean, and soyabean. hybridization
schemes suchas biparental crosses. three-way and double crosses. or other compley parental
matings have been used to combine disease resistance with other desirable characters.

Segregating populations are then handled by the pedigree. bulk or moditied bulk methods.
with selection for discase resistance. as appropriate. cither threugh artificial inoculation,
natural field infection. or both. Other special methods like single-seed descent (SSD) have
also been employed for some crops, cither independently or in combination with other
methods suchas the backceross method (Villareal 1979: Opeiactal. 1986a.b). In recent years.
the backeross method has been used more frequently to pyramid the resistance genes lor
differentdiscase (Openaetal. 1986a.b: Openaand Tschanz 1987). This method is also a well-
Anown standard for " gene domestication” from the wild species. A suitable example of its use
i the AVRDC program is the transter of PVY resistance from L. hirsurmi to cultivated
tomato (AVRDC 1987¢),

The breeding strategy for cross-pollinated species like Chinese cabbage has focused on
the development of homozy gous inbred lines carrying desirable traits such as tolerance and
discase resistance. These stable lines are then utilized 1o develop Fhybrids and open-
pollinated populations (Operia and Lo 1980). The segregating populations from intervarietal
crosses are invariably handled by the pedigree method. with selection for importnt
characters such as heat tolerance. disease resistance and sel-incompatibility in the segre-
guling stages,

The discase resistance breeding among AVRDCs principal crops is further discussed
below.
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Fomato

Heat tolerance and BW resistance received the highest priority in the first decade of the
tomiato program (Villareal 1979: Opena T985: Openactal. 1986h). The first series of tropical
tomato lines such as CL 8L CLFIdL CL 32d CL 43, and others carry these major traits.
Breeding ToMV resistance received impetus afterwards, resulting in the development of new
tropical lines which simultancously carry BW and ToMV resistance. Good examples of such
tines are those i the CLOTT3T series, CL39TS series, and others, In the Tast three yedrs,
AVRDC tomato scientists have emphasized the incorporation of roothnot nematode resis-
tance into the tropical tomato. Some of the new lines with multiple resistance tothree diseases
(BW.TOMV and roothnot nematode) are now evolving from the tomato program (AVRDC
FORT¢). Good examples of these advanced lines are those belonging to the CLN 229, CLN
230, and CLN 337 series.

Chinese cabbage

Breeding forsoftrotresistance has so farnot been highly effective: therefore, anaceeptable
alternative was achieved by developing carly-maturing cultivars which are able to escape the
disease. Hybrids 58,62, 82-156, 82-157. and others are carly maturing and heat tolerant.
cnabling them to perform well during the hot, humid scason. Furthermore. some of these
hybrids. eg.. 58,59 and 62, as well as open-pollinated populations like 77 M(3)-27 and 77
M3)-35 carry varying levels of resistance to downy mildew (AVRDC 1985) and trnip
MOsAic Virus.

Swweet potato

Breeding for scab resistance has been initiated recently. The screening of the population
derived from polycrosses, using accessions Gl 6 and Gl 13, and cultivar V2-30 as scab-
resistant parents. is now underway.,

Mungbean

Resistances 10 CLS and PM from selected germplasm have been successtully incorporated
intoadvanced breeding lines with good yield potential. Examples of breeding lines with good
resistanee to CLS and PM are as follows: CLS resistance — VC 1137A, VC 1560D, VC
2720 VO 3689A, VO 3543A. and VC 3748A: PM resistance — VC 1560A, VC 1560C.,
VO TIN2AL VO 3528A and VC 3543A,

SNovabean

Promising rust-tolerant lines have been derived from crosses using the following parents:
Shih-shih, PE23097 1, P1248407, Shinshei, Sato-3, AKiyoshi, and P164728. Some of the best
lines.when evaluated across at least five environments with fungicide protection and five
without. showed yield increases of 510 10% over the best cheek cultivar, Asian Glveine
selection (AGS) 129 and ahigher levelof vield stability (AVRDC 1987¢, data unpublished).
hireen breeding lines.resulting from crosses with earlier SRE 400 or PI 297550, carry high
levelyotbacterial pustule resistance. Alsoamajority of the AVRDC soyabean breeding lines
possess doswny mildew resistancee.

Several inghevielding and carly-maturing selections from various crosses were found 10
hemmunetocither SNV oracombination of SMV, peanut mottle virus and anew poty virus.
Phe AGS D19 103 11201150129, 147,174,209, 214, 216, 218, 231, and 239 are immune
L SNV solates GEand G, and the new poty virus isolate 220,
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USE OF ELITE DISEASE-RESISTANT STOCKS BY NATIONAL PROGRAMS

The major concerns of the national vegetable programs in the tropics are adaptability and
disease resistance. AVRDC'S research and development activities dovetail well with these
constraints. Thousands of improved breeding lines and elite accessions are distributed yearly
by AVRDC 1o national programs and private concerns worldwide for further tests and
utilization. Over the past decade. a number of AVRDC genetic materials have been used by
nattonal programs and private firmes in further breeding. More importantly. anumber of these
improved germplasms have found their way 1o the farmers” fields through official releases
by several national programs, To date, 118 AVRDC breeding lines and/or genotypes derived
therefrom, have been officially released as commercial cultivars in 35 countries (Table 4),

FABLE 4 Official coltivar releases by national progriuns utilizing germplasm from the AVRDC crop
improvement program (September 1987),

Yo Mungbean Sosvabean Tomito Chinese Sweet Total
citbbage potato
1975 I 2 R -~ - 6
1979 - - 6 - - 6
1UR0 1 2 4 - - 7
tos| 2 1 6 2 - N
1us2 5 3 5 3 - 16
1UN3 3 2 21 3 1 30
1984 3 ] 1 2 9 16
[BEN 4 3 2 - I 10
[U86 5 2 3 - - 10
1O8N7 2 2 2 6
Total 24 18 53 12 1 18
Countries® 15 9 22 6 3 35

Countries/territories and number of releases (in parentheses if more than one cultivar released).

Munehean  Australia ¢2), China, Costa Rica, Ecuador, Fiji (3). India, Indonesia (4), Korea (2), Malaysia,
Philippines (2). Sri Lanka, Taiwan, Tanzania, Thailand (2), Vietnam (2).

Sevabean Honduras, India, Indonesia (4). Madaysia. Taiwan (4), USA. Philippines. Korea (5), Thailand,
Zimbabwe.

Lomato Barbados 030, Bravil, Conga. Cook Islands (4), Fiji €2), Gabon (2). Guam (2). Indonesia (3), Malaysia,
Mauritios (55 Panama, Papua New Guinea, Philippines, Reunion (2), Senegal (2), Seychelles (11),
Singapore €20, Sri Lanka (2). Taiwan (4). Tanzania tZanzibar}, Thaitand, Trinidad/Tobago (2). USA
Virgin Islands)., Zaire.

€ cabbage China €2y, Indonesia (2), Tapan (2, Korea (2). Philippines (3), Taiwan,

S potato - Bangladesh ¢, Philippines (25, Tahiti (6),

Future prospects

The AVRDC crops improvement program on five principal vegetables has sucessiully
combined adaprability 1o tropical conditions with resistance to one or more major diseases.
The improved genetic materials are now serving the needs of the national programs cither as
commercially released cultivars or as elite parental stocks for further breeding. Emphasis in
tuture AVRDC re. carch, with special reference to discases. will be in the following arcas:
extended evaluatior of cermplasm for resistance o other important discases: continuing
development of advanced cultivars with multiple discase resistance: and. further enhance-
ment of the stability of resistance., espectlly when its fong-term value is dubious.
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CHAPTER 19
Potential of wild relatives of Citrus

L UENO AND T. AKIHAMA

The genera Citrus, Fortunella, Poncirus belong to subfamily Aurantioideae, family Ruta-
ceae. Aurantioideae have 35 genera according to T. Tanaka. The many specics of the genus
Citrus originate trom Assam. Some species reached South China, through north Burma, other
species spread to Indonesia through Burma, Thailand and Malaysia, In addition, several
species (citron, lemon and sour orange) were introduced into Europe via Persia.

Surrounding these, there are some regions where various citrus species, both wild and
cultivated, are growing, representing a secondary origin, These areas are considered to be an
important pool of citrus gene resources.

“Exploration, collection, characterization and documentation of Citrus genetic reources in
East Asia™ has been a joint Japan/IBPGR project in the period 1983-86. Its purposes have
been toinclude within it the collection of germplasm possessing variability in characteristics
such as disease resistance, high-yield, fragrance, root-stock capability, ete. [t also included
the collection of materials from as wide a range of aurantioid genera as possible. We have
completed explorations in Thailand, Malaysia, Brunei, Sumatra and Java, and have collected
about 300 kinds of citrus species and their relatives. These collections are to be used for the
benefit of eitrus breeders in the future as breeding materials.

Number of Citrus and related genera collected

About 300« itrus samples were obtained and investigated during the exploration. As shown
in Tables 1 and 2, about 10 citrus species and hybrids were collected as scions and sceds.
Among the collected materials, there are 18 citrus related genera. These are Aegele, Atulantia,
Clansena, Feronta, Hesperethusa, Murrava, ete. The plants are being used as rootstocks or
drug. The citrus germplasms collected in Thailand were most numerous, because the country
has many pummelo types. Consequently, primitive types of this species were found. In
Indonesia, Java is most advanced in its citrus cultivation. However some expansion of
orchards is now taking place on Sumatra, Madura and Bali. Concentrated cultivation is
mostly done with C. reticulata and some with C. grandis. Primitive types of mandarin were
found in the present exploration. Many citrus related genera have grown in Kalimantan
Island, East Malaysia, but citrus and wild citrus are scarce.

Potential of germplasm collected
Variation in (. grandis continued to be of special interest to us. It has been suggested that
pummelo has its greatest diversity centred in southern Thailand. It is more diverse in this
region when compared to the variation in specimens examined from Malaysia. Hence
southern Thailand near the Malaysian border may be considered as the centre of origin.
Pummelo types from this arca have varied traits; red or white rind, red, pink and white pulp,
clliptical. oblate and pyriform fruit shape. and some with peel hair. Pummelos collected at
Srmpang Tiga in Sumatra must have a parthenocarpy gene since seedless fruits are found
among a few fruits on the tree. We could not collect C. ichangensis hybrids of great interest,
but we collected hybrids of something else with ichangensis.

A C. reticulata hybrid collected at Bali Berguret in Sumatre has polyembryonic large
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TABLE 1 Citrus germplasm collection in Thailand, Malaysia, Brunei and Indonesia.
1983 1984 1980
Countries S
Scions Seeds Total* Scions Seeds Total” Scions  Sceds Total®
Thailand 86 130 152 16 20 27 6 9 13
Malaysia - - - 37 15 48 - - -
Brunei - - - - | 1 - - -
Indonesia - - - - - - 17 39 50
Total 86 130 152 53 36 76 23 48 63

* “Fhe total number of scions plus seeds is different. This is because the samples contained scion, seed, or both from
any tree.

TABLE 2 Citrus germplasm collection by genera and species.

1983 1984 1986
Genera or species : -
Scions  Seeds  Total® Scions  Seeds Total®  Scions Sceds  Total®

Puapeda spp. 3 K 3 I - 1 - - -
Citrus aurantifolia 6 7 7 2 - 2 - 3 3
C. medica | | | 3 - 3 - 2 2
O limon 2 1 2 - - - - - -
. erandis 28 73 83 9 9 17 7 13 18
. sinensis 5 7 7 - | | | 2 2
C. reticulata 15 19 20 2 2 4 3 11 14
. halimi - - - 2 | 2 - - -
C.ospp. - - - - - - 2 2 3
C. spp./Hybrids 18 14 20 14 13 21 10 I 17
Fortunella spp - - - 1 2 2 - - -
Citrus related genera 8 5 10 19 8 23 - 4 4
Yotal 86 130 152 53 36 76 23 48 63

+ The total number of scions plus seeds is different, This is because the samples contained scion, seed, or both from
any tree.

seeds. and is of a most primitive type. A C. reticulata collected at Larargan in Madura is a
mandarin colorate even under tropical conditions. This gene is important for citrus produc-
tion in tropical areas. The interesting mandarin type has been produced inan orchard near
Chiang Mai in northern Thailand. There is no calyx on the fruits of this type. and harvesting
is by simple pulling-ofT. This gene has good characterand we can use it for satsumi mandarin,
dancy tangerine and sweet orange. ele.

Attempts were made to collect samples of particular C. halimi. a wild species reported
fromt southern Thailand and the Malay Peninsula. This represents an important addition to
the citrus germplasm resource collection in view of the limited number of reports of this
specices in the wild and its virtual non-existence in cultivation. Itis not certain whether this
species is desirable or not for citrus breeding. so we must examine its resistance to discase
and its insect and cold tolerance.

The large number of citrus relatives collected is valuable. foramong the materials available
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now are undoubtedly plants possessing cood traits such as humidity tolerance. disease and
insect resistance, which are of great porential valoe m crop breeding programs,

Just how many of these refated genera and species will prove 1o have valae in the future
Is not easy to determine now, but the possibility s there.

fevonia limonia Arom citrus refated genera, has exceptional water tolerance, and has been
used as rootstock of citrus in lowland arcas of Thailand. Migrava paniculata is a lovely
ornamental or hedge plant. but it hias been recently suspected of being an intermediate host
ofmyeoplasma (ML) infectionand inducing greening disease ot citrus. Therefore this plant
will be used as test material for citrus greening discase.

Viral discases

Citrus in Southeast Asiaare largely damaged by viruses. especially with citrus stubbon and
ereening disease. Citrus psorosis and other viruses are severe, This means that not only may
cultivation of c¢itrus become difticult. but also valuable gene resources will be lost. Tn the
arcas where farmers have planted commercial crops. trees seemingly valuable as gene
resources of citrus were cut down anumber of years ago. Therefore, genetic erosion is rapidly
advancing.



CHAPTER 20

Potential of wild relatives of solanaceous vegetables
with reference to breeding resistant eggplant

FOMOART NARIKAWA

Breeding tomato tor discase resistance is typical of using some kinds of wild relatives, which
are Lycopersicon esculentumy . ceraciforme L. pimpinellifolium 1. peruvianum. and others,
In the National Rescarch Institute of Vegetables, Ornamental Plants and Tea (NIVOT)
tomatoes have been bred for resistance to leal mould (Cladosporiun fulvam). Fusarium wilt
(Fusarivon oxvsporiunt 1. Iveopersici. ) and 1), tobacco mosaic vires (TMV), rootknot
nematode (Meloidogyne incognitay, and others.

Eeeplantor Brinjal ¢Solanum melongenay originated in tropical Asia (Khan 1979) and has
heenusedas avegetable foralong time. However breeding fordisease resistance has not been
advanced, because there are fewer close relatives of cggplant compared with those of
tomatoes. In Japan some wild relatives have been utilized as the resistant stocks. forexample,
Solanunintegrifoliun (akind of scarleteggplanty (Niahan 19807 is resistant to Fusarium wilt
and comparatively tolerant to bacterial wilt (Pseudomonas solanaccarunn. In addition,
Solanum gilo. S.mammosum. S, toxicariun and hybrids between S, melongzena and wild
relatives were tested for resistant stocks 10 some diseases { Yamakawa and Mochizuki
19780,

Today bacterial wiltand Verticiltiom wilt (Verricillivm dahliae) are spread severely inthe
ficld of solanaceous vegetables. Tt is said that such discases are caused by continuous
cropping of the same vegetable, These diseases are soil-borne and it is very difficult to control
them by chemicals or cropping manageinent and. accordingly. there have heen many
programs of breeding for resistance. In this chapter the NIVOT breeding programs are
described with reference to genetic resources of eggplant. and some problems in breeding
procedures are discussed.

As mentioned above., to control Fusarium wilt and bacterial wilt. 8, integrifolinm was
tound to be eftective as a resistant rootstock in the 1950s. Grafting with S. integrifolinm was
widespread in the region cultivating eggplant (Yamakawa 1978: Mizu, personal communi-
cation). This stock has, however, a low tlerance to bacterial wilt and no resistance to
Verticlium wilt. and more tolerant stocks have been expected for a long time.

Breeding of *Okitsu 1,2°

Native varieties of eggplant were sereened for resistance to bacterial wilt by Kageyama
CHOS and it was clear that “Taiwan-Naga® was the most resistant of 24 varieties (Table 1).
It was said that “Taiwan-Naga® was introduced from Taiwan and that it was a variety
cultivated in southern China. Kotani et al. (1964) made hybrids between “Taiwan-Naga' and
“Nakiite-Shinkuro™ for selecting resistant lines. Through the pedigree tests the genetic
behaviour of resistance was suggested to be controlled by polygenes. *Okitsu 1 and 2° have
been as resistant lines to bacterial wilt (Table 2) and are suitable as the rootstocks (Suzuki
ctal. 1964 Kotani etal. 1964). These lines are susceptible to Verticillium wilt, Fusarium wilt
and rootknot jnematode.

Uscfulness of S, torvum as a resistant stock

Sointegrifolivnrand S gilohave been familiar rootstocks for farmers. but they are not resistant
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TABLE 1 Resistance to bacterial wilt of eggplant varieties. (Kagevama 1950)

Vareny R D! Variety R D*

I Kunazawa-hetamurasaki 910 13, Fusanari-Chunaga 91%
2 Okitsu 73 14, Indo-Fusanari 45
LS INTINTI) 64 15, Ootoshi 100
4. Okitsu 20 100 16, Harima 82
5. Nukate-Shinkuro 100 17. Ena s 9]
6. Shin-Yamashiro 100 I8, Honnaga 55
7. Hookou 100 19, Kurume-Naga 73
No Sakata Oka 11 91 20. Hakata-Naga 55
9. Oosaka-Chunaga 64 21 Tamwan-Naga 0
10, Kawano-Nakate 91 220 Daisen-Naga 91
1. Kita 100 23, TsuruHoso-Senmari 73
12, Tashiro 100 24, Nashino-Naga 64

) No. of plants damaged
R Di=Rate of damaged plants) =

X

100 (57)
No. of plants tested

TABLE 2 Resistance of Okitsu 1 and 2 to bacterial wilt. (Kotani et al, 1964)

End of August Middle of Sept.
Virtety e
P DIt P, DI
I. OKitsu 1 8S 13 65 26
2. OKitsu 2 95 N] 65 19
3 Taiwan-Naga - - 87 5
4. Nakate-Shinkuro - - 0 100
No.of healthy plants 2 (Disease index x No.of plants with the index)
= ’ X 100(%) b Dl o e X 100(% )
No.of plants tested 4 x No. of plants tested

Discase index: 0: healthy ~ 4 damaged and died

to Verticillium wilt or to rootknot nematode and have low tolerance to bacterial wilt. In
NIVOT the screening tests of rootstock varieties to some diseases were started by 1977 and
aS. torvim line from Puerto Rico was highly resistant to Fusarium wilt and more tolerant to
bacterial wilt, Verticillium wilt, and rootknot nematode than S. integrifolium (Table 3)
(Yamakawa and Mochizuki 1978a.b). This line was registered as a new rootstock variety
“Torvam vigor® and widely distributed 1o eggplant growers.

Breeding of *Asist’, an | cultivar cross of S. integrifolitm and eggplant

It is reasonable that native cultivars of tropical couniries have resistance to bacterial wilt,
Because it is hot and highly humid and suitable for the bacteria, solanaceous vegetables
resistant to bacterial wilt might be selected artificially and/or naturally. Nath (1975) in India
reported that " Dingaras Muliiple Purple " (DMP) introduced from the Philippines, was highly
resistant to bacterial wilt. In NIVO'T Nath's variety was introduced in 1976. Yamakawa and
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TABLE 3 Damage of Solanum spp. by bacterial wilt every ten days. (Yamakawa & Mochizuki 1978)
Rate of damaged plants

Spevies

V3L VIO VI20 VI VI VII20 VIO VHIY VIING VII2Y  IXRIXI8
S omelongena 6 13 RAT 31 38 63 48 94 Y4 100 100 100
Sosevvmbritolim 0 0 0 0 2 60) 60) o0 100 o 100 100
S torvium 0 0 0 0 0 0 0 0 0 0 0 0
S tovicarium 0 0 0 0 ' 0 ) 0 0 1] 0 ()
5 0 0 u 0 50 100 100 100 100 100

tegrifolivm 0 0

Mochizuki (1977) tested the resistance to bacierial wilt with some introduced cggplants and
relatives and verified that DMP was the most resistant (Table 4). The fruit quality of DMP
is not aceeptable to the Japanese and it scemed that DMP was a good material for breeding
resistant stocks. F, between S. integrifolivin and DMP was resistant to bacterial wilt and
Fusarium wilt and registered as *Asist” in 1983, NIVOT now uses DMP for parental tine to
hreed eggplants resistant to bacterial wilt.

TABLLE 4
1977)

Screening of introduced eggplants o relatives for bacterial wilt. (Yamakawa & Mochizuki

Colleetion Species or
No. Variety

LS 207 Sogilo
2. 2l DMP

3. 207 Soincanum
4 233 Big size
hE 23 Jumka-1
0. 235 Jumka-2

7. 236 Sospp

78
100
59
72
84
|
81

8. Cheek-1 Nukate-Shinkuro 25

9. Check-2 Taiwan-Naga

9l

56
100
41
66
63
69
66

9
78

34
100
22
63
59
59
53

3
78

19

0
06Y

DI
1 5 9
13 32 52
0 0 0
23 50 71
14 28 34
7 32 40
10 26 35
7 23 39
54 88 92
6 15 16

83

95
51
49

59

98
5

21

Figures show the date in June,

TABLE 5 Relationship between hosts and pathogen. (According to Ozaki & Kimura 1986)
Group No. of 5. melongena S. mammosum S.integrifolium S. torvum
sanples (cv. Senryo 2) (cv.Torvum vigor)
! 19 S R R R
1 1 S S R R
i 3 S S S R
v 3 S S S S
\ 3 S R S R

S:Suseeptible and R:Resistant
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Use of 8. incanum to resist Fusarium wilt

S.incanumis the closestrelative to S.melongena (Rao 1979) and can be easily crossed with
Somelongena. Tois said that 8. incanomn may be the wild type of S. melongena or that it may
be o variant of cggplant. One line of S, incanum introduced from India was resistant to
Fusarium wilt. FFrom the backerossed population of (8. melongenax 8. incanumy), several
lines were selected as resistant to Fusarium wilt (Komochi and Nishio 1984). Further
investigation is underway.

Yathogenic groups of Pseudomonas solanacearum

Ozaki and Kimura (1986) have studied groupings of bacterial wilt. They collected 29
plants damaged by bacterial wilt, 12 of which were eggplants, 12 tomatoes, 4 peppers, and
I potato. Bacteria were isolated and then inoculated into the four species S, melongena, S.
miammosum. S inteerifolinn and S, torviom. According to the difference of pathogenicity,
five pathogenic groups were classified as shown in Table 5. From the results, it scems
resonable that S inregrifolium was used for resistant rootstock to bacterial wilt and that in
some regions it was susceptible, Now S, rorvum is the most resistant stock but it is possible
that it will be damaged by new group such as group 1V,

Joint research on biotechnological development of tropical microorganisms and plants

Joitresearch. sponsored by the Science and Technology Agency of Japan, was advanced
forthree yearsand in NIVOT the Jomnt Rescarch on Collection and Utilization of Solanaceous
Plants was started with the Malaysian Agricultural Rescarch and Development Institute
(MARDID (Komochi 1985: Sakata 1986). Three collection trips were made to the areas
shown in Figure 1. There were 17 collection locations, The list of collected species is shown
in Table 6. Fhe collected seeds were shared between MARDI and NIVOT.

TABLE 6 Number of lines of solanaceous plants collected in Malaysia.

Species 1984 1085 1986 Total
S melongena 20 21 10 51
Cupsicumt spp. 44 15 14 73
L. escudentum 30 9 21 60
Solanm spp. 81 40 18 139
Others ] 2 0 3
Total 176 87 63 326

In 1986, Sakata et al. screened for resistance 1o Verticillium and bacterial wilts with S,
torvun lines and some rootstock cultivars (Table 7). It was clear that there were varietal
ditferences of resistance to Verticillium daliliae and Psceudomonas solanacearum groups
among the tested lines. These lines will be useful for breeding new rootstock cultivars.

In 1986 screening tests of Verticillium wilt were done with 8. melongena, S. incannnt and
S feroxTable 8). There were naresistant cultivars of S melongena and S, incanum, but there
were resistant lines of S ferox. In this experiment S, mielongena and S. incanum could not be
differentiated, because the two species were very similar. Tests forresistance to bacterial wilt
are being conducted at NIVOT.
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FIGURE 1  Points for collection in Malaysia. (Komochi 1985, and others)

Discussion

Eggplant is a very important solanaceous vegetable in tropical and temperate regions of
Asia and other Continents. So too are tomato and sweet and hot peppers. The latter were
mtroduced from the New World, but eggplant originated in tropicat Asia. So it is likely that
there are many resistant cultivars or relatives that have been naturally and/or artificially
selected for resistance to bacterial wilt or Verticillium wilt under hot and humid conditions.

In tropical countries new cultivars are being imported from Japan, Taiwan and other
countries, and this is causing the erosion of genetic resources. Hence the surveying,
collection, evaluation and preservation of the native cultivars and the wild relatives are
urgently needed. In Japan grafting is a good method for avoiding soil-borne diseases in
cubtivating eggplant. The method should be recommended to other countries, *Torvum vigor’
is a resistant rootstock, but as shown in Table 5 it is susceptible 1o pathogenic group IV. It
is interesting that there are some differences of resistance to bacterial wilt between native S.
rorvum lines. Although resistance to bacterial wilt is controlled by polygenes, it is useful to
breed anew line of S. rorvum by crossing between lines with differing resistance. Moreover,
resistance to Verticillium wilt is necessary for rootstock cultivars, In these breeding programs
the genetic resources from tropical Asia are most useful.

In this paper the resistance of pepper and tomato has not been discussed. Their diseases,
however, are as severe as those of egaplant. In the IBPGR movement many genetic resources
are being pathered up now by many scientists, but further surveys and germplasm exchanges
by rescarchers may be more important.
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TABLE 7 Screening of 8. forvum lines for two diseases. (Narikawa et al, 1986)

Verticillium wilt Bacterial wilt
Collection
No. No.§! Nod1e nr vt
DI Gl DI Gl DI bl
(N torviem)
1. LS 1843 (.84 0.94 0.25 1.21 -
2 1878 0.45 0.79 0.35 1.17 - -
3 1880 0.70 0.70 0.10 0.73 0.14 0.75
4. 1881 .58 0.71 0.25 1.01 0.25 0.80
S, 1898 0.4 0.75 0.55 1.14 0.25 1.50
6. 1915 1.16 0.51 0.15 0.52 0.45 0.75
7. 1921 0.65 1.28 0.25 1.41 0.27 0.82
8. 1922 1.00 0.45 0.25 0.73 0 1.00
Y, 1928 0.90 0.47 0.25 0.97 - -
10. 1947 1.26 114 0.30 1.51 (.24 0.28
11. 1948 1.15 0.68 0.35 0.69 0 0.46
12, 1955 0.17 0.72 0 0.60 - -
13 1957 0.37 0.77 0.30 1.03 0 1.64
14. 1964 0.50 0.49 0.15 0.62 0.29 0.54
15. 1196¢ 0.70 0.69 0.35 1.19 0.14 1.42
16. 1783¢ 0.80 0.72 (.30 (.85 0.27 0.83
17. MT-7¢ (L.8S 1.00 0.25 1.10 0 1.25
(Checks)
18. Torvum Vigor .90 0.70 0.30 0.66 0.27 0.88
19, Meet 1.25 0.73 0.89 0.49 0.08 0
20, Taibyo-VF 316 0.38 1.85 0.59 - -
21, Asist 1.80 (.58 1.84 0.39 0 0
22, bMP 394 (.08 2.55 0.29 0.23 0
23, Nakate- Shinkuro 385 0.10 1.80 0.59 2.62 218
! Collection No. in NIVOT. Fresh weight of inoculated plant

® Pathogenic group by Ozaki & Kimura ( 1986 ). ¢ Growth Index = , ) )
¢ Disease Index. Fresh weight of non-inocubsted plant

¢S torviem introduced from other countries.

TABLES Screening of 8. melongena, S. incanumand 8. ferox for Verticillium wilt. (Narikawa et al. 1986)

Test | Test 2 Test 3
Coll.No. No.5 Nodl Coll.No.  No.5 Nodl Coll.No.  No.5 Nol
1.S 1859 38 39 LS 1884 2.9 35 LS 2206 4.0 15
1860 32 39 1896 35 2.7 2209 4.0 3.5
1883 3.5 39 1942 03 0 2219 3.3 33
1891 RE ] 4.0 2014 2.6 1.8 2223 35 2.3
1902 37 35 2240 3.2 3.0
1903 33 33 1953 1.0 1.7 2242 3.5 1.6
1907 33 2.2 1954 1.6 09 2254 3.6 23
1910 23 24 1956 23 04 2262 3.3 37
1911 34 39 1958* 26 04 2263 2.6 32
1913 35 38 1959* 23 04 2271 4.0 35
1931 34 29 19600 25 05 2280 4.0 3.0
1934 37 3.3 1961 2.3 2.1 2281 4.0 7
1949 3.3 33 1981 25 28 2282 4.0 KR
1951 33 3.1 2284 34 32
1998 4.0 40 2287 35 37
1999 34 4.0 2288 40 490

8. ferox.
S, mielongena and S. incamm could not be distinguished,
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CHAPTER 21
Potential use of Korean filbert (Corylus spp.) landraces

Inheritance of several characters in cross combinations between
the Korean native filbert strains and introduced cultivars

HYEON-MO CHO

Most world-wide cultivars of the filbert have been bred by selection from the European
species Coavellana, C. maxima and C.americana and the crosses among these species.

The mostvaluable of these cultivars originated mainly from C. avelluna. which has a large
hernel and high quality.

However. these cultivars are not cold-resistant because they have been domesticated and
adapted inregions having mild winters and unmtorm rainfall throughout the year.

Domestic cultivation of O avellana-originated cultivars in Korea since 1974 has led to
cold damage in the trees during winter and consequent abnormal flowering and fruiting due
ot

Although filberts are now coltivated in [0 countries or more, research on the geneties and
breedimg has not been consprcuous,

The mamcultivars are still confined to the selection ol native cultivars or chancee seedlings,
Gienetie studies are also limited because of self and cross-incompatibility in the filbert genus.
According to Thompson (Fuphyvtica 1977, 26, 465-474), the characters of nut weight, kernel
ratio, pellicle fibre, shrinkage of kernel and number of nuts per cluster and so on, except for
husk length, had high corretation between progeny mean and mid-parent value in genetic
study of the cultivars originated from C. avellana,

Thompson also assumed that their genetic mechanism was due to the additional action of
pulveenes.

This study was carried out to clarify the inheritance mode of morphological characters of
nut. discase resistance and cold hardiness in cross progenies, of which maternal strains were
Cheterophylla FLa native of Korea. and paternal C. avelluna introduced from abroad.

Materials and methods
ENPERIMENTAL MATERIALS

Experimental materials used in this study were obtained from crosses between Korean
native filbert and European ones from 1976 (o 1978 (See Table 1).

All these materials were planted and managed in the field for filbert breeding in the
Horticultural Experiment Station in Suwon, Korea,

INVESTIGATION METHOD

Nut characters

a) Nurweight — This signifies mean weight of one hundred nuts sufficiently dried after
harvest and was measured by (L0 g unit.

by Nut length and diameter — The meaning is the same as the case of nut weight, Maximum
value of nut length and diameter was measured by 0.01 cm unit.
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TABLE i Number of progeny in 13 Corylus crosses.

No. Cross Number of progeny
1 HiE-2 ~ Butler 3
2 HE-2 < Barcelona 4
3 HE-13 « Barcelona 39
4 HE-1 x Ennis 18
5 HIE-2 > Bollwiller 31
6 HF-1 < Bollwiller 12
7 HE-1 x Royal 11
b HE-322 x HE-605 18
9 HE-501 x HEF-605 17
10 HIE-237 x HF-803 13
1l HF-16 x HF-803 16
12 HE-1 x HF-803 16
13 HE-1 x HF-13 17
Total 243

Kernel characters
a) Kernel weight — The same as for nut weight. This was measured by 0.01 g unit.
b) Kernel ratio (% ) — (Kernel weight/nut weight) x 100. This was indicated by 0.01% unit.
¢) Fibre amount attached 1o pellicle — This was classified into 4 grades:
I s none

:adittle (small amount)

» medium (moderate amount)

s abundant (very much),

2
3
4
&) Shrinkage of kernel — This was classifield into 4 grades:
:
3
4

: never shrunk

2 slight (or a little) (small amount)
: medium (moderate amount)
cextremely shrunk (very much).

Husk length

This was classified into 4 grades:
I+ shorter than three-fourths of nut length
2 s either longer or shorter than nut length by a fourth
3 longer than nut length by a fourth to three fourths
4 ¢ longer than twice nut fength,

Discase resistance
The degree of susceptibility was classified into 4 grades:
12 The rate of infected leaves 18 25% or less
2. The rate of infected leaves is 26% o 50%
3 The rate of infected leaves is S1% to 75%
4 : The rate of infected leaves is 76% or more,

Cold hardiness

The degree of chilling injury in experimental trees which encountered very low tempera-
ture of -24.8°C on 5 January 1981, was classified into 4 grades:
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I 2 no damage

2 catkins were Killed

3 catkins and twigs were Killed
-+ 1 the whole tree was Killed.

Precociry
This was classitied into 5 grades:
I @ fruited m three-vear old tree
2 traited i four-vear old tree
o tfruited i five-vear old tree
4 U truited in sin-to seven-year old tree
S fruited inabove eight-year old tree.

Results and discussion
CHARNCEERISTICS OF PARENTAL STRAINS OR CULTIVARS

The main characteristies of parental strains or cultivars are shown in Table 2.

The introduced cultivars of Barcelona. Bollwiller, Butler, Ennis and Royal were not only
all fruit types with heavy nutand kerneland long nut length and diameter but also compara-
tively abundant in fibre amount attached 1o pellicle and excessive in kernel shrinkage. And
they appeared to be resistant to anthracnose but not resistant to powdery mildew. They were
also weak in cold hardiness and late in precocity.

On the other hand the native strains of HE -1 HE-2 HE=16. HF-237, HEF-322, HFF-501,
HE- 605 and HE-803 were mostly small fruitones and with little fibre attached to petlicle and
low kernel shrinkage. It appeared that they were resistant to powdery mildew but not to
anthracnose. As o cold hardiness and precocity they were strong and carly, respectively.
Table 3 indicates the means and the standard deviations in the investigation values for all
characters according to cross combinations.

GENETIC VARIATION OF INPORTANT CHARACTERS IN CROSS PROGENY

Nut characters

@) Nutweight — As shown in Figure | the distribution of nut weight of cross progenies, in
3 combinations such as HF-2 > Butler, HF-1 < Ennis and HE-1x Bollwiller of 7 combina-
tions between native strains of small nut and introduced cubtivars of large one, the
frequency of individuals above mid-parent value was high, butin the other 4 combinations
the tendency was opposite. Therefore no regular tendency in the inheritance of nut weight
appeared.

However, in 5 of 6 cross combinations among native strains the frequency of individuals
below mid-parent value was high. Consequently the appearance of individual lighter
values had a tendency to be more frequent.

Nut length — The distribution of nut length in cross progenies is described in Figure 2.
In 4 of 7 combinations between native strains and introduced cultivars the number of
individuals above mid-parent value in nut length was overwhelming while in the other 3
combinations the individuals below mid-parent vidue was prevalent. All the 6 combina-
tions among native strains showed the prevalence of the individuals above mid-parent
value. On the whole. the frequency of the individuals above the mid-parent value in nut
length tended to be a liule high.

Nut diameter — As shown in Figure 3, the distribution of nut diameter in cross progenies
did not show aregulartrend. In 3 of 7 combinations between native strains and introduced
cultivars the individuals above mid-parent value appeared more tfrequently, while in the

b

It



TABLE 2

The characteristics of 14 Corylus or strains used as parents.

Weight Kernel Nut Resistance
Cultivar Number of
or strain Kernel nuts per Husk Powdery Cold
Nut Kernel Fibre  Shrinkage rato Length Diameter cluster length  Anthracnose mildew  hardiness Precocity

Barcelona 2.52+0011 1.00+0.09 3 2 3021 2.3040.03 2.5020.12 2 2 2 4 4 5

Bollwiller 2.6920.14 1.07+0.13 4 2 40226 2.2020.04 2.10+0.14 2 3 2 4 5 5

Butler 2.52+0.16 1.12+0.15 3 2 45+2.5 2.1020.03 2.20+0.22 2 2 2 4 4 5

Ennis 3.3620.13 FAS+0.12 4 4 H4£2.9 2.4020.06 2.30+0.19 2 3 2 4 4 5

Roval 3282020 1.3420.17 4 3 J0x2.4 2.30+0.02 2.3010.22 2 3 2 4 4 5

HF-1 L7020.15 0.6320.09 2 I 37%1.7 1.20=0.02 0.08+0.11 2 4 5 2 1 1

HE-2 16420021 0.58+0.02 2 I 35x1.8 1.20+0.02 0.8010.13 2 4 3 2 1 1

HF-13 L38+0.23 0.5420.05 2 1 34+19 1.2020.03 0.80+0.15 2 4 2 2 1 1

HF-16 13120.09 0.5440.06 1 1 41221 1.00£0.02 1.60+0.16 3 4 2 2 1 1

HF-237 1.6620.10 0.75:0.06 3 1 45423 1.00+0.03 [.10£0.14 3 4 2 2 1 1

HF-322 1.03+0.15 0.49+0.09 1 1 40£2.2 1.20:0.04 1.10£0.12 3 4 4 3 1 1

HF-501 1003 0.4810.06 2 1 47£2.0 1.20%0.03 1.40£0.13 2 4 2 3 1 1

HF-605 1.58+0.19 0.59£0.07 1 1 37+1.3 1.20:0.04 1.30+0.15 4 2 4 2 1 1

HF-803 1.7420.20 0.69+0.05 2 ] 40£1.2 1.8020.05 1.90+0.17 3 3 3 2 1 1
TABLE 3  Overall characteristic analysis of 13 crosses of Corylus cultivars or strains.

Weight Kemel Nut Resistance
Cross
Kemnel Nuts per Husk Powdery Cold
Nut Kemel Fibre Shrinkage ratio Length Diameter Cluster length Anthracnose mildew hardiness Precocity

HF-2 x Butler 2472062 1024026 2412070 2.73£3.14 4128+ 463 1.79+0.30 1.630.23 1.7520.47  3.4120.61 1.1630.36 1.29+0.45 1.0940.29 1.2520.50
HF-2 x Barcelona 1.9720.53  L1520.38 2252043 2504050 4491+ 283 1.47+0.38 1.2420.35 2364035  3.25+043 1.00 1.50+0.50 1.00 1.2520.43
HF-13 x Barcelona  1.7420.59  0.7120.28  310=1.03 2712098 3040+ 9.88 1.61+0.28 L5130.28 233#0.55  3.6620.52 1.23+0.52 1.5640).67 1.0740.26 1.28+0.55
HF-1 x Ennis 2.552L4 0.8820.31 2722093 283083 3676 790  LYOH0AS 1824048 1.96+0.65 3.5520.60 2872094 2.33#0.57 1.05£0.22  1.16+0.37
HF-2 x Bollwiller L4820.54  0.6120.37  238:0.82 2324069 37.39+ 517  1.510.21 140£0.26  2.08+0.69  3.48£0.66  1.22+0.41 1.47£0.54 1.030.17 1.1920.29
HF-1 x Boliwiller 260046 1052043 3.66x0.62 2584075 39391085  1.90+0.19 1.4720.21 L9740.48 3332062  3.50%0.50 1.50+0.50 1.08+0.27 1.2540.43
HF-1 x Royal 2282073 1.0320.33 3275121 2362064 4432+ 693 179042 1494030 2442050 0 3724043 2002042 1.81+0.71 1.09+0.28 1.3620.64
HF-322 x HF-605 LO3Z0.25 0424010 3112073 2224041 4200+ 742 1.380.11 L2407 2665071 2774062  2.05+0.62 1.72+0.44 1.16+0.37 1.05+0.22
HF-501 x HF-605 1.34620.35  0.7220.17  3.5240.77 2.29:0.74  49.93+ 567 1542029  |.38+0.19 2352053 24120.77 1.1720.3% 1.88+(.32 1.05£0.23 1.0520.23
HF-237 x HF-803 1302021 0.6240.11 2005067 1613048 1781+ 528  1.53+0.18 1.2720.20  2.002048 3302072 1.1520.36 1.2340.42 1.07+0.26 1.1520.36
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other 4 combinations the individuals below mid-parent value appeared more frequently,
fn 6 combinations among native strains there w ere 2combinations of which progeny mean
wasslightly greater than mid-parent value and | combination of which progeny mean was
much greater than mid-parent vadue and 3 combinations ol whic. progeny mean was
smatlerthan mid-parent value. On the whole it appeared that individuals below mid-parent
value in nut diameter were more frequent.

Kernel characters

@) KNernel weight — As 1o the distribution of Kernel weight in 7 combinations between
native strains and introduced cultivars, in 3 combinations the frequency of individuals
below mid-parent value was high. However, there was I combination in which the
progeny mean was greater than mid-parent value and 5 combinations in w hich progeny
mean was smaller than mid-parent value in 6 combinations among miive strains. There-
fore, in the case of kernel weight the trait of small kernel appeared to be dominant gene
action to that of large kernel (Figure 4,

by Kernel ratio —The distribution of kemnel ratio I cross progenies is deseribed in Figure
5. In S of 7 combinations between native strains and introduced cultivars. the frequency
ol individuals above mid-parent value in kernel rtio was high while in the other 2
combinations the frequency of individuals below mid-parent value was high.

And 5 of 6 combinations among native strains showed the prevalence of the individuals
above mid-parent value. On the whole. it appeared that the individuals above mid-parent
vilue in kernel ratio were more frequent,

<) Amount of fibre attached to pellicle — The distibution of fibre attached 1o pellicle incross
progeniesis described in Figure 6. In9 of 13 combinations containing 4 of 7 combinations
between native strains with a little fibre and introduced cultivars with much fibre. and 5
of 7 combinations among native strains the frequency of individuals above mid-parent
vilue in the amount of fibre attached 10 pellicle was high. Therefore. in this case. the
dominant gene Icads to much fibre.

&y Shrinkage of kernel — As shown in Figure 7. in all combinaitons the frequency of
individuals above mid-parent value (more shrink)in shrinkage of kernel appeared more
frequently. Therefore, in the case of shrinkage of kernel the trait of more shrinkage
appeared to be the dominant gene action over that of little shrinkage.

Number of nuts per cluster

As shown in Figure 8, the distribution of number of nuts per cluster in cross progenies did
not show a regular trend.

Husk length

As shown in Figure 9, the distribution of husk length in cross progenies did not show a
regular trend. For example. in 5 of 7 combinations between native strains with longer husks
and mtroduced cultivars with shorter ones the frequency of individuals with husk longer than
mid-parent value was prevalent. but contrarily in all 6 combinations among native strains
with longer husk the distribution of individuals with husk shorter than mid-parent value was
overwhelming,

Disease resistunce

Asshownin Figures 10and 11, the frequency of individuals more resistant to anthracnose
and powdery mildew than mid-parent value was overwhelming in all 13 combinations.
Therefore, in the case of these two discases the trait of resistance appeared to be dominant
gene action over that of susceptibility.
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Cold hardiness

The distribution of cold hardiness in cross progenies is described in Figure 12.

In the case of 7 combinations between native strains with cold hardiness and introduced
cultivars with retatively lower cold hardiness, the frequency of individuals hardier than mid-
parent value was from 814 o 1009 Therefore, in this case the trait of hardiness appeared
to be the dominant gene action over that of susceptibility.

Precocity

The distribution of precocity in cross progenies is shown in Figure 13, In all 13 com-
binations the frequency of individuals with more precocity than mid-parent value was
overwhelming. All the native strains have high precocity bearing nuts in 3— year old trees
even in case of seedling. To the contrary, most of the introduced cultivars bear nuts very late
in 8-year old seedlings.

Inall combinations between native strains and introduced cultivars in this experiment most
of the cross progenies bear nuts in 5-year old trees. In addition. there are about 73-94% of
progenies bearing in 3-year old seedling. Therefore, in the case of precocity the trait of sarly
bearing appeared 1o be dominant gene action over that of late bearing.

Summary

The main introduced cultivars have been derived from C. avellana because of advantages
of large nut and good quality.

In Korea, however, normal fruition and reasonable yield in introduced cultivars cannot be
expected because of damage to the floral organ by low temperatures during the winter season.
Ontheotherhand C. heterophylla Foand C. heteropylla Fovar. thunbereii B..natives of Korea
have some advantages of cold-resistance and precocity in that three-year-old seedlings can
bear nuts, even though the nuts are very smiall,

Gienetic relationships were investigated by comparing the distribution states of each char-
actenistic measured in cross progeny with mid-parent value of corresponding characteristic
in 7 combinations in which C. heterophylla F.oand C.heterophylla Fovar, thunbergii B. were
used as female parentand C. avellana as pollen parent and in 6 combinations among strains.
Judging from the above results the conclusions about nut weight and diameter of nut
characters were not clarified, while in nut length, long nuts appeared to be more or less
dominantover short nuts. As there were some cross combinations in which individuals above
mid- parent value in nut size always appeared more frequently, the importance of parent
selection was recognized. Light kernels appeared to be slightly dominant, while in kernei
ratio. high ratios were more or less dominant. In respect of fibre attached to the pellicle and
shrinkage of Kernel. important factors affecting nut quality, abundant fibre amount and
extremely shrunk kernel were dominant. respectively. In the genetic study with nut weight,
kernelratio, fibre amountand shrinkage of kernel in cross combinations between the culiivars
derived from C. maxima, Thompson had reported that cross progenies in most combinations
were coneentrically distributed with mid-parent value in the centre but there were some
ditferences in the aspectof distribution. The present study also showed a similar tendency to
Thompson’s result.

For anthracnose and powdery mildew, a serious disease in filbert, resistance appeared to
be dominant over susceptibility. In cold resistance, the most important character, the strong
was dominant over the weak.

Ittook S to 6 years for most introduced cultivars to bear nuts: in the case of seedlings it took
more than 6 years from grafting to bear. However, C. heterophylla F. and C. heterophyila F.
var. thunbergii B., native strains in Korea, have such precocity that even 3- to 5-year old
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secedlings can bear nuts. And when they were crossed with C. avelluna of non-precocity, the
precocity appeared to be dominant. On the basis of above results the author concludes that
C. heterophylla Voand heterophylla F.ovar, thunbergii B, could be used as a source for cold
resistance, precocity and powdery mildew resistance and C. avellana as a source for large nut

and anthracnose resistance.
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CHAPTER 22

Crop improvement through utilization of wild relatives in China

SHAO QIQUAN

The collection. study and utilization of native varieties for every crop allows us to make use
of wide genetic diversity for crop improvement and gain large benefits in breeding and
agriculture generatly. Breeders sometimes face great difficulties because of a lack of
appropriate genes in the species themselves. [eis then especially important thing to use wild
species in the search for disease resistant, male sterility, stress resistant gene resources for
crop improvement, Inrecent years, wild relatives of rice, wheat, barley and cotton have been
used for crop improvement with great successes.,

Iimportance of wild species for rice improvement

Success in the development ot hybrid rice is a great breakthrough in rice breeding and a
technological innovation i rice production. It has markedly increased rice yield on a large
scale. Tt has been necessary to develop suitable eytoplasm-genetic male sterile. maintainer
and restorer lines in order to make hybrid rice a commercial success. In the course of
collecting wild rice sources for distant crosses, a male-sterile wild rice (Orvza sativa f.
spontanea 1. was found by Yuan Longping s assistant Li Bihu in Hainan Island in 1970. I
was named “wild abortive ™ ormore shortly “WA™ type. This tvpe of wild rice was used as the
femalde parent and cultivated rice was used as the male parent: from F| used cultivated rice
tor back crossing and trom this combination were created more than 200 male sterile lines
derived from WA eytoplasm. Some of them such as Zhe-Shan 97A and V20A, widely used
in production. have been backerossed 30-35 times and still have high stability in male
sterility under various environnmental conditions.

Many excellenthybrids with carly maturity. multiple resistance to diseases and inseets and
good grain quality have been developed (Yuan Longping 1986).

The hybrid rice plays a great role in increasing yield. For ecample, among the japonica
aybrids, Li-you 57 gave highest (13.7 t/ha) in Linoning Province. Japonica hybrid variety Xiu
You 57 yicided an average 28% more than improved japonica variety Jing Yin 39 in Minxia
Province. The average yield from hybrid rice growing in China in 1983-1986 was 6.5 t/ha.
In 1985, the hybrid rice-growing arca was 26.49% of the total rice arca. It contributed 32.7%
of the total rice production. The cumulative production increase due to cultivation of hy brid
rice in Chinain 1976-85, has been estimated as 94 million tons (Figure 1 and Table 1) (Yuan
L.ongping 1987),

TABLE | Total growing area, yield and average yield of hybrid rice in China 1983-1986.

Yew Total arca Total yield Average yield
(10" ha) (" (t/ha)
1683 60.74 42.97 6.4
1984 8.84 56,602 6.4
1085 8.27 53.53 6.5
[U86 9.13 60.24 0.6

tFrom Yuan Longping et al. 1987)
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FIGURE 1 Area grown 1o hybrid rice in China, 1976-86. (From Yuan Longping et al. 1987)

Barley improvement using wild relatives

Interspecitic and intervarictal crosses of wild and cultivated barley collected from
Qingzang Plateau have been made in the experimental station of the Institute since 1979,
Hybrid vigour was observed in E, hybrids of some combinations, Male-sterile plants were
foundin I, and I of several crosses, Compi-te and partially male sterile (90% above) forms
were obtained in 1982, Male sterile plants were derived froma cross between two-rowed wild
barley (Hordeun spontancumy and the six-rowed cultivated form (/1. vudgare var, nudumy:
the male sterility was controlled by i recessive gene, There were two male-sterile types
identificd. One of them was two-rowed with naked grains and tough rachis, while the other
hadcovered grains and toughrachis, Bothwpes had small degenceratedanthers with dried and
shrivelled pollen grains. Pollen abortion occurred between tetrad and microspore stages.
indicating that the two Lypes were sporophytic sterile,

For example. field observation in 1983 showed that the 5 backeross combinations
maintained sterility and 16 testeross combinations restored fertilizy. In order 1o obtain stable
maintainer and restorer traits. both test and backeross are in progress.

Besides these an attempt is being made 1o solve two practical preblems in hybrid barley
production. One is 1o look for mutants of glume-opened pollination as a polien source of
male-sterile barley and the other is to incorporate the tough rachis character into some wild
species having good combining ability and glume-opened pollination (Shao Qiquan et al.
1U806).

Male sterility sources of wheat from wild refatives

Semi-wild wheatand Aegilops Sqttarosa could serve as sources of male sterility lor whea
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Seni-wild wheat was discovered during a scientific expedition to Qingzang Platcau in 1974
and a large number of seed and plant samples were collected and then analy zed eytologically
and gencticatly . Semi-wild wheat usually grew as weed in barley and wheat fields. The
matured spikelets freely separated and fell on the groand. being thus naturally sown,
Identitication ot genctically stable tines ot semi-wild wheat show ed that the majority had the
stibletrrofbrttie rachis. Semi-wild wheat could be grouped into various types of varicties
and poly morphism tthe species was apparently demonstrated. Because ot ereat ditterences
trom other spocies of wild wheat 1t was separated by us into a new subspecies as Triticum
acstivunt subspoibetanin Shao and was used for crossing with common wheat (Table 2),

FABLE 2 Comparison of primitive wheat with semi-wild wheat.

No. of chromosomes Character Disarticulation
Materal t2n) Growing habit of rachis of rachis
I pelia 42 spring habit casy broken above pedicel
SN NURHANNEeRSTS 42 spring habit casy broken below pedicel
s sihetanum 4. spring habit natural broken below pedicel

The ¥, hybrid between common wheat and semi-wild wheat was studied. In the spring of
1979, a4 cross was made between Zon-Kan-ai, a variety of common wheat, with many
recessive traits, and semi-wild wheat. Reciprocal crosses were made also,

The data verified that mature plants of I hybrid had a rachis which can be broken easily,
ared glume with hairand red grain. These traits come from the male parent, tibetanun, That
means, the trait of broken rachis of semi-wild wheat is dominant, but the stable rachis of
common wheat is recessive. The reciprocal cross gives the same results.

At the same time. the data show us that we have something like a primitive interspecific
barrier. It is one of the reasons why semi-wild wheat from Tibet was separated as a new
subspecies. tibetanun:,

Common wheat and semi-wild wheat can usually be crossed. The F| hybrid for such a
combination is usually fertile. but occasionally itis possible to obtain sterile lines from such
hybrid combinations. Semi-wild wheat can serve as original material for breeding male
stertle lines of common wheat (Table 3) (Shao Qiquan et al, 1983),

TABLE 3 Behaviour of F| hybrid between common wheat 2nd semi-wild wheat.

Hy brid Hybrid no. No. immature
combimtion  Female traits Male traits mature plants I plants Traits of hybrids
Zoi-han-ai - white glume red glume It 6 The spikes of all mature
. white grain red grain plants with rachis can be
semi-wikd hairless glume  hairless glume broken casily, red glume,
wheat rachis stable rachis broken red grain and glume with
hair. Immuature spikes
have unbroken rachis,
semi-wild red glume white glume 6 0 The spike of all mature
wheat with hair, hairless glume plants with rachis can be
» red grain, white grain casily broken, red grain, red
rachis rachis stable glume with hair. Some of

Zon-khan-a broken them are male sterile.




186 SHAO QIQUAN

That aegilops squarosa extoplasm can be used as a source for inducing male sterility in
common wheat was shown by Zhang Yan and his group (1984), They have suceeeded in
nroducing hybrids between Ae. sguarosa line No. 11, as female parent. and common wheat
caltivar *Kenya™as male parent. This cross combination, gave alloplasmic substitution line.
Examination of root tips revealed that chromosomes in BC2 plants were 2n=42, Their mor-
phological appearances were similar to those of the nuclear donor, suggesting that the nuclear
genotype ol the nucleo-cvtoplasmic iny brid was homologous to those of the pure line Kenyva,
[n most cases the substitution fine had complete pollen and seed fernlity. However, in BC4
self-pollinated progenies, male-sterile plants were obtained .

Tenofatotal of 12 000 plants grown had complete or high male steritity. Anthers of all
the completely sterile plants were smaller and more slender than normal ones. These
matertals have been used for breeding male-sterile lines of wheat.

Improvement of cotton through interspecific hybridization

Professor Liang Zhenglan and his group stecesstully obtained interspecific hybrids
between cultivated cotton with several species of wild cotton. Many useful characters were
introduced into cultivated cotton tfrom wild relatives. Quite interesting results were obtained
from a cross with wild cotton Gossypium bickii,

(. bickiris an Australian wild species which belongs to Gl genome. Thas many desirable
characteristies, such as resistance to insects (due 1o its intense hairiness ). high gossypol stalk
and gossypol-free seed. and is very useful for cotton breeding. However, due to ditficulty of
mterspecitic hybridization, transfer of these genes into cultivated cotton did not suceeed for
alongtime. Only in recent years.using new techniques in embryo rescue and F, arafting and
back cross. have hybrids been successtully developed by Liang et al. (1985).

The hybrids of G hirsunm x G bickii and G. herbaceun x G bickii could be obtained
by the method of spraying phytohormones and embryo culture. When the IF, ol the former is
grafted onto the upland cotton and then backrossed with upland cotton under cool-night and
short-day conditions. BC1 seeds can be harvested: BC1and BC2 plants canbe grown up later.
Therefore, incompatibility of interspecific hybridization may be rejected to a certain degree
by this technique. Most recently offspring with red flowers (1) and lines with gossypol
glanded plants, but with glandless seeded plants. were established and a programforbreeding
anew cultivated cotton with insect-resistant characteristics is in progress. (personal comma-
nication frem Professor Liang).

There are still great potentialities for crop improvement in using wild relatives for many
crops. Many desirable positive traits from wild species could be transferred into crops (Table
4. The technique for transferring these genes has been developed also.

TABLE 4 Useful traits of wild species for crop improvement.

Name of wild species Useful traits

Orvza sativa Cytoplasmic male sterility,

tospontanea 1. disease resistant, stress tolerant

Gilveine soju High seed protein compounds, disease resistant
Hordeum spontancum L. Cytoplasmic male sterility, mildew and rust resistant
Triticum aestivum ssp. tibetanum Cytoplasmic male sterility. rust and mildew resistant
Acgilops squarosa L. Cytoplasmic male sterility

Gossypitm bickii Gossypol glandless seeded
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CHAPTER 23

Collection and utilization of legume vegetable crops in China

WANG SU

A considerable part of China’s land lies in the temperate and subtropical zone. Because the
vast territory and varied topography give the country a wide viariation in climate, China is
extremely rich in vegetable germplasm. There are many legumes used as vegetables. The
important ones and their distribution are shown in Table 1.

TABLE 1 The distribution and use of legume vegetables in China.
Name Scientitic name Distribution Use*
Snapbean Phaseolus vilgaris 1. All over the country Canning freezing
Yardiong bean Vigna unguiculuta AllL mainly in the south Pickling
ssp.sesquipedalis (1) Verde.
Vegetable sovabean  Glveine may Mern. Yangtze river valley Freezing
Garden pea Pisum sativim L. AllL mainly in southwest Canning freezing
Hyacmnth bean Dolichos lablab .. Allon small scale Dry vegetable
Broad bean Vicia fuba 1. Yangtze river valley, Dry seed processing
mainly in the southwest
Lima bean Phaseolus hinatus 1., On the south of Yangtze river
Scarlet runner bean  Phaseolus multiflorus Willd.  Southwest and Shaanxi Pickling
Sword bean Canavalia gladiata DC. South and southwest
Winged bean Psophocarpus Southwest and south
tetragonaolobus DC. part of the centre
Velvet bean Mucuna capivita Wight, Southwest

* All can be used for the fresh market.

Of the vegetable legumes, snapbean, yardlong bean, vegetable soyabean and garden pea
are extensively distributed, have more varieties and are relatively more important. In northern
China. snapbean is the most important legunte vegetable. Snapbean grown in Northeast
China accounts for 90% of the total legume vegetables. The distribution of vardlong bean is
different to that of snapbean. In Guangdong and Guangxi. the acreage of yardiong bean is 60—
700 of total fegume arca. Vegetable soyabean is produced mainly in Jiangsu provinee. and
Shanghai city, about 30—40% of the total legume production, The area for pea production is
about 10=-20% in Jiangsu Provinee and southwest China. Figare | shows the distribution of
+important legume vegetables all over the country.,

Collection of legume vegetable germplasm

Inthe late 1950s. an extensive collection of vegetable germplasm (including legume vege-
tablesy was conducted. Since T980. we have carried out another extensive collection. Up to
the present. 3267 accessions of legume vegetables have been collected and preserved. The
quantity and source of various legume vegetables are shown in Table 2.
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Snap Bean

4 Yardlong Bean
y - Hairy Soyabean
o Pea

FIGURE 1 The distribution of the four vegetable legumes.

TABLE 2 ‘The number of collections and locations of legumes in China.

Name Scientific name No. of varieties Locations
Snapbean Phaseolus vudgaris 1.. 1 629 Sichuan, Shaanxi, Shandong, Hebei,
Jilin, Hilongjiang.

Yardlong bean Vigna unguiculata ssp. 837 Sichuan, Guangdong, Shandong
sesquipedalis (1..) Verde. Jiangsu, Anhui

Hairy soyabean Glveine max Mem, 326 Shanghai, Jiangsu, Anhai, Hunan

Garden pea Pisum sativim 106 Sichuan, Yunan, Guizhou, Jangsu

Hyacinth bean Dolichos lublab L. 252 Sichuan, Hubei, Shandong, Jiangsu

Broad bean Vicia fuba .. 55 Anhui, hangsu, Sichuan, Guizhou

Lima bean Phaseolus lunatus L. 26 Shanghai, Hunan

Sword bean Canavalia ¢ladiata DC. 36 Sichuan, Hunan

Total 3267




COLLECTION AND UTILIZATION OF LEGUME VEGETABLE CROPS IN CHINA

CLASSIMCATION AND VARIETAL GROUPS OF SNAPBEAN BASED ON BOTANICAL CHARACTERS
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Snapbean is one of the most important fegume vegetables in China, both in quantity of
varieties and growing arca it dominates, Snapbean can be classified on botanical characters
and horticultural characters of pod.

Clossification based on botanical characters

Snapbeans can be divided into several types according to the plant habit, the shape, colour,
weightand length of pod. seed colour and seed shape. The percentage of each type is shown

in Table 3.

TABLE 3 Snapbean classificrtion.

Character

Growth habhit

Flower colour

Pod shape

Pod colour

Pod weight

Pod Length

Seced shape

Seed colour

Growing period

Type

Determinate
Semi-determinate
Indetermindite

White
Violet or dark violet

Flot

Round

Sickle shaped
Sword shaped

Light green
Green

Violet and yellow
Other

<Rg
B-lop
>log

<2 ¢m
12-21 ¢em
>2] ¢m

Kidney shaped
Round or nearly round
Tubular

Single (black.white.brown, yellow,grey,violet, blue)
Mixed (More than T colour)

Early, <60 days
Medium, 60-70 days
Late. >70 davs

Percentage(%)

24
55.1
1.8

18
75.2
6.3

60
30
10
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Classification based on horticultural characters
On the basis of shape and colour of fresh pod, snapbean in China can be divided into the

following varietal groups:
a) Coloured pod group — Most of the pods are wide and flat. The ground colour of the pod
is light green (or vellowish green) with red or violet stripes. Tender pod and seed develop
simultancously with raised seed, The quality is excellent. At maturity. the pod becomes
yellow. There are no strings along the iines of the dorsal and ventral suture. The pod
remains soft throughout the growing period. The fresh pod and seed are both used for
vegetable and food. Consumers like it very much. The vicld of this group is not high. This
group is grown mainly in the northeast.

Round pod group —- Seed development is slow. Pod flesh in thick. Tender pods are for

cating mainly. Fibre content is low in tender pods. but becomes higher as the pod matures.

Pods are short. round, light green (or green), 10-14 em Jong, about | ¢m in diameter.

Flowers are white orviolet, Plants with white flowers produce white seeds, and plants with

violet flowers produce black seeds. The varieties of this group are used for the fresh

market. as well as for canning and freezing. White-seeded varieties are ideal for
processing. They are grown mainly in part of cast and central China,

Meaty pod group—Podsare 16-20cm long, nearly round in cross section, s ightly curved,

light green or whitish green. rough, raised in seed section. They fill well, and have thick

flesh and high yield. This group produces an excellent quality fresh vegetable with a very
good flavour,

Flat pod group — Flat varicties can be further divided into long. short, broad, narrow

types. They are different in pod length. thickness. colour and quality. Among them, pods

of some varieties are flat. slightly raised in seed section. light green or whitish green, low
fibre. high quality. Some pods become white or yellow, as it mature, but in fact, they still
keep a high quality. The varicties of this group are grown mainly in Shandong Province.

Yellow pod group—-The principal characteristics of this groupare yellow pods and white

flowers. They are subdivided into round and flat types. Flat pod type has a greater water

content. low fibre, good quality. Varietal numbers in this group are small. Distribution is
wide.

1 Purple pod group — Pods contain anthocyanidin, so they are purplish red or dark reddish
purple. After cooking, the pigment is dissolved. and the purple colour disappears. Pod,
stemand leaf veinare violet. Flowers are purplish red or dark purple. Most pods are narrow
and flat. There are strings in the line of dorsal and + entral suture. Pods have low fibre and
good quality.

b

¢

d

[

CLASSIFICATION BASED ON BGTANICAL CHARACTERS AND VARIETAL GROUPS OF YARDI ONG BEAN
The growing arca and the number of varieties of yardlong bean are second to snapbean in
China. We collected 837 varieties of yardlong bean. Their classification follows.
Classification hesed on botanical characters
The proportion of each type of classification based on botanical characters is shown in
Table 4.

Horticultural classification

Q) Dark green pod group — Pods are greenordark green, round. Pods have lirm flesh, good
quality and are storable.

b) Lighi green pod group — Pods are li ght green, 50-60 em long or more, round. The y have
loose fleshy texture, good quality and high yield.

) Greenish white (or white) pod group — Pods are greenish white or white, about 30 cm
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TARI W 4 Yardlong bean classification.

Characrer Type Percentage (%)
Growth habit Determinate and semi-determinate 5
Indeterminate 95
Flower colour Miiky white, light yellow 1
Violet or bluish violet 89
Pod shape Round 70
Flat 13
Coiled <!
Pod colour Dark green 5
Green, light green 70
Violet 9
Other 7
Pod weight <10g 21
10-25 g 65.7
>25 125
Pod tength <30 cm 22
30-60 cm 63.3
>60 cm 14.2
Seed shape Kidney shape -

Near round -

Seed colour Black -
Purplish brown -
With stripes -

long, earlier in maturity. The plants produce pods in their central and low part. They have
a high yield in the carly stage, but total yield is not high.

&) Purple pod group — Pods are purplish red, round, 40-50 ¢m long. Seeds are mostly
purplish red with dark stripes,

¢) Coloured pod group — Pods are light green with violet stripes, 30-40 ¢cm long, round or
flat. Most seeds are purple with purplish brown stripes.

t) Coiled pod group — Pods are dark green with a small number of purplish red spots. Pods
coil horizontally for 1.5-2.5 circles. Length is about 30-35 cm. Weight is about 15-20
grams. They are of very good quality and vsually late 10 mature.

THE OTHER LEGUMES
Vegetable sovabean

Vegetable soyabean is grown for its tender seeds. Because there are fine hairs on the pod,
itis called Hairy soyabean. Itis a special iocal vegetable in China. There are many vegetable
soyabean cultivars in Jiangsu and Shanghai. The varieties collected in China are classified
according to their growth period: early. medium and late; according to seed colour: yellow,
lightyellow. yellowish green. green. dark green, brown, dark brown. black, alternate between
the black and green: according to seed shapes: large. small, round. long round, oblate and flat.
Flavours are glutinous or nonglutinous.
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Garden peu

The caltivation of peas is very common in China, especially in the southwest. Those
collected in China are classified as follows. According to growth habit, they are divided into
the determinate, semi-determinate and indeterminate: they have white and violet flowers,
softand firm pods. Some varieties are grown for their fresh edible green seeds. The others
are raised for the whole edible pods with seeds. Among the varicties grown for fresh green
seeds. some are used for fresh market and some for canning or freezing. In addition. there is
aspecial Kind of pea called *no-tendril pea’. They are grown for their tender shoots.

Hyacinit bean

Hyancinth bean is popular but it is not grown on a large scale. It is commonly planted in
the frontofhouses or atong the fences. The bean canenrichthe table inthe off'scason. Because
its cultivation has a long history. the genetic resources are very rich. Most of the accessions
collected in our country are of the climbing type. and very few of the bush type. Flowers are
white and violet. Pods are dark green. green, light green, whitish green, greenish white, violet
and green with violet dorsal and ventral lines. Pod shape is broad flat, long flat. crescent
moon-like or semicircle-like. Some varieties have thin pod flesh. Some have thick pod flesh
(more than 1 cm). low fibre and are of very good quality,

Utilization of legume vegetable germplasm
The utilization of legume vegetable resources in China is as follows.

GROWTIH OF LOCAL CULTIVARS FOR THE FRESH MARKET

Coloured. broad, flat varieties in which pod and seed develop simultaneously are grown
mainty in northeast China. In the cast and central parts. round pod varieties are grown for the
fresh market or processing. Yardlong bean is tolerant to heat. It is an important vegetable in
summer and fall in south China. Its growing area is larger than that of snapbean.

The cast and central part of China is also an important region for vegetable soyabean
production. There are many varicties in the region, including carly. mediumand late maturing
varieties. They all are very good cultivars and are grown on a large scale.

EXTENDING PROCESSING VARNZIES

The development of canning and freezing in legume vegetable promotes the extension of
processing varicties. Not only are original processing cultivars grown exiensively, but also
many new processing and dehydrating varieties will be grown. Freezing types of vegetable
will flourish in Hilongjiang and Jilin provinces. The white seeded. round podded, local
varieties suitable for processing will be grown more extensively, Snapbean, yardlong bean
and vegetable soyabean varieties used for processing are being developed and utilized,

FULL USE OF INTRODUCED GERMPLASM FROM OT1HIER COUNTRIES

Although native bush beans in China usually mature early, the quality of some cultivars
is not good. Therefore, some high yield and carly varieties from foreign countries have an
mzportant part to play in snap bean production. Varieties include ‘Contender’. *Fullcrop.
‘Provider”, e1c.

Many pea varicties were also introduced from other countries, for exanple, *Alaska’, *Lu
Zhw' 1341 They all are grown not only for the fresh market, but also for canning. Their
growing arca is expanding.
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INDIRECT USE OF NATIVE AND INTRODUCED GERMILASM

Inrecentyears, breeders have developed many new varieties by use of local and introduced
varieties, The new variety “Yun Feng™ was bred by crossing a line with a local variety. It is
carly in maturity and high in yield. New varicties *Qiu Kang No. 197, *Chun Feng No. 2°,
"Chun Feng No. 47 and *Qiu Kang No. 6" have been released by Tianjin Vegetable Rescarch
tustitute.

ZiJiang 28-27 s new yardlong bean variety which was develeped by crossing "Red Beak
Swallow” witha focal variety i Zhejiang Horticultural Institute. Ithas strong adaptation and
high vield. Pods are thick and long. Itis an impiortant variety in Zhejiang province and is
grown commonly afl over the country. "Yan Dai Jiang " developed in Shanghai is suitable for
summer and autamn growth. " Yue Xia® series are new varieties selected from local varieties
in Guangdong Academy of Agricultural Sciences. Afterwards. new varieties “Fei Cui’, “Jin
Sui”and "Lu Huabat were released. *Bai Jiang No. 27 was bred by crossing aline with a local
variety in Nanjing Vegetable Rescarch Institute. It is planted mainly in late spring and
stmmer.

Muny organizations. such as Sichuan Academy of Agricultural Sciences. Shanxi Agric-
ultural University, and the Chinese Academy of Agricultural Sciences, have developed a
great number of new varieties of peas that are used for vegetable or for both vegetable and
dry seed These new varicties, onthe one hand. enrich the germiplasm of legumes. Gnthe other
hand. they are adopted in production as new varicties to replace the old ones — so it is
important for us to collect and preserve local legume genetic resources as soon as possible.



CHAPTER 24

Collection and evaluation of the germplasm resources in
the genus Oryza in Guangxi, China

LIANG YAO MAO

Guangxilies at the southern border of China and is located between 20°54'N and 26°20'N and
104729 and 112°02°E. The tropic of Cancer traverses its central section. The topography,
with tew plains, and more rivers and streams, makes a complex terrain sloping from
northwest to southeast facing the sea. The weather is mainly hot and humid, but in the
mountain arcaand in the northern part some temperate features occur, High temperatures and
humidity and plentiful rainfall combined with complex topography make Guangxi a main
region of genetic diversity for many crops in China.

Rice 1 asstaple food of Guangxi, and has been cultivated for a long time. The history of
rice growing had led to a great numiber of local varieties spreading throughout this area. But
since the nmproved rice was popularized in the 1950s many old varieties have been quickly
chiminated. To protect the rice germplasm of the old varieties from damage, action has been
taken three times by the Agricultural, Animal Husbandry and Fishery Department and the
Guangxi Academy of Agricultural Sciences from the beginning of the 1950s. These three
variety collecting activities were in 1950, 1978 to 1980, and 1983 to 1983, respectively. By
these actions, the genetic resources of the genus Orvza of each county were surveyed and
cotlected. Thousands of accessions of local cultivars and some stems and seeds of wild rice
v.ere collected and reserved. in addition to some improved varieties. They showed that there
are two wild species in Guangxi. O, rufipogon and O. officinalis, and described their geogra-
phical distribution and ecological environment. In recent years, some research work on the
samples collected was done on morphclogy, analysis of isoenzymes, resistance, and classifi-
cation: at the same time the utilization of this rice germplasm by mean of biotechnology was
investigated.

An attempt is made below to show that Guangxi is one of the centres of rice germplasm
diversity in China according to type of rice genmplasm, characteristics and distribution.

Distribution of the genus Oryza in Guangxi
CULTIVATED RICE ((ORYZA SATIVA)

Sorting and classification of thousands of collected accessions showed that rice cultivar
types are very complete and plentiful in Guangxi.

Firstofall, samples could be classified as subspecies Hsien (O. sativa L. ssp. Hsien Ting)
and subspecies Keng (0. sativa. ssp. Keng Ting). The cultivars are very different from each
other in charactertstics, physiological nature, geographical distribution, and relationship.
Rice Hsien has a light leaf colour, more leaf thorn, no awn or short awn, less thorny glume
and small and slender grain, it drops easily and is distributed mostly on plains and valleys.
Rice Keng is dark green, has little or no leaf thom, a slightly bent awn, more thorny glume,
roundish grain, drops with difficulty. and is found in the northern part or cold mountain area.
The rice Keng is very complex, especially in shape of grain and colour. Its leaf blade is wider
and grain size is larger, somewhat different from those of Keng in the northern part of China.
The zymograms of esterase isoenzymes of both have an exclusive enzymatic banding. The
rice Hsien has 7A but no 8A, the Keng the reverse.

Betow the subspecies of Hsien and Keng, several ecological groups could be classified,
mainly as follows,

- N
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Samples can be classified into two groups according to the cropping scasons—the carly
and middle-late rice. The main difference is that the carly one is sown in spring and heading
and ripening occur under a long daylight period. and that the middle-late one is sown in May
toJune. ripening uider a short daylight period. Now, apart from the mountain arca where the
temperatu-es are rather low and the altitudes higher and one cropofmiddle rice is still grown,
most of the sites had changed to two-crop rice. Butas a result of being accustomed to single
cropping systenvin most arcas, more varieties of middle-lae rice were collected, accounting
for 80 There are many types fike Hsien, Keng. Nuo (glutinous) wetland and upland rice
and se on. There is a wimer rice that is sown in autumn-winter and harvested in May the
following year. This variety is not limited by the short duylight period when it is heading, and
could be classified as an carly vice, The two groups have little difference in morphology and
i the zymogram band of esterase. But in e late rice Hsien, the zymogram has more 10A
hand. accounting for 324%  but the carly rice Hsien has no such band. This could be used as
areference for classification.

Samples canbe classified intwo varicties. the Zhan (nonglutinous)and the Nuo (glutinous)
rice accordinng to the nature of the milling grain. Zhan has a rather transparent body of grain
and more straight-cham starches: itis difficult to be pasted and shows a blue colour when it
reacts with iodine, Nucchas a milk-white bady of grain and more branch-chain starches: it is
casy 1o be pasted and shows a red cofour when it reacts with todine. There is no markedly
distinguishable zymogram in the analysis of isoenzymes of the esterase. Amongst the
resources of rice varicties of Guangxi, all the subspecies of rice Hsien and Keng are of the
twotypes — Zhan and Nuo., jc. the Hsien and Keng Nuo rices. The grain of Hsien Nuo rice
islong and narrow . and the Keng Nuo, round and short. The analysis ol isoenzyme of esterase
showed that the Hsien Nuo rice has the exclusive 7A band, while the Keng Nuo subspecies
have few 7A and the exclusive 8A band. This is a situation worth studying. Of the rice
resources of Guangxi the Nuo (glutinous) rice makes up to 20%. Of this percentage there are
more Keng Nuotypes and middle-late rice varieties with many mutattons, The cultivated area
of Nuo rice is not large at present and most of it in the mountain arca, where the Keng Nuo
rice is the staple food for the people living there,

Samples can be classitied according to their ecological environment as upland. wetiand,
and deep water rice. The upland rice that is mainly grown on the slopes of mountains is
susceptible to root rot, and plant establishment is poorer when it is planted in wetland. It is
different from wetland rice in morphology, having a rather roundish base of the leaf blade.
The cultivated area of upiand rice in Guangxi is now about 13 000 ha, and makes up 5% of
the total amount collected. Upland varietics comprise Hsien, Keng and Nuo types, but they
are late rice mainly. The analysis of esterase isoenzymes showed many types of zymogram
in Guangxi upland rice, cspecially for Keng upland rice. The data of 41 accessions analyzed
showed 17 types of zymogran.

Deep water rice is now planted at individual sites and the cultivated arca may be only about
30 ha in Guangxi, According to the ecological environment and morphological characters,
they can ke classified in two types. One of them is planted on flooded lowland and the other
on beachy lowland where sea water has intruded. Both of them are tolerant to deep water and
belong to the tate rice group. The former has a thick culm., large Ieaf blade. and a bigger and
toundish hody of grain: while the latter a slender culm and leaf. and along and small grain.
Judging from the morphology. both deep water rices belong to the subspecies Hsien but the
analysis of esterase isnenzyme showed that the former has the 7A zymogram band possessed
exclusively by the Hsien rice and the Latter has the 8A one possessed exclusively by the Keng
rice. This situation is worthy of further study,

Inaddition to those mentioned above. there are many special varicties within the resources
of rice germplasm of Guangxi. For example, some varieties have sweet smelling leaves and
grains, but such varieties mainly belong to the Keng Nuo type. not the Hsien one; some have
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adark purple glume: some have no thorn on the glume (so called “smooth grain®) and others
much more thorn on both sides of the feat blade: and some are adaptive o intercropping.,
The diversity of the Tocai cultivars in Guangxi could be clarifed by the analysis of esterase
isoenzyine . Asmany s 12 2yvmogram bands ind 52 7ymogrim patierns were obtained from
775 accessions. Keng Nuo rice possessed the richest zymogram pattern — 145 accessions
showed 23 7vmogram patterns. Then, 117 accessions of Keng showed 21 zymogram
patterns. Finally, 278 accessions of late rice Hsien showed 17 zymogram patterns. The
symogram patterns of carly rice Hsien were fewer. Results of the isoenzyme analysis and the
morphological observation were identical.

COMMON WILD RICE (O, REFIPOGON)

According ta the results of morphological observation and biochemical analysis, Guangxi
common wild rice can be divided into the typical type and various variant types.

The morphological character of the typical type are: strong fibrous roots; prostrate habit;
extravagmal branching athigher nodes: culmlength 100-250 ¢cmi: perennial; basal leafsheath
and internode colour. purple or light red: auricle with long hairs: membranous ligule with
purple hines and without hairs: open panicle type: without 2nd order panicle branching:
generally 20-60 grains per panicle: long awns: light red seedeoat: strong shattering.

The morphological characters ot variant types were between those of wild species and
cultivars, for instance growth habit - prostrate, erect and semiereet: culmtype - long-statked
and shortstature: [eat shape - broad and narrow: panicle type - compact and open; own length
- long and short: seedeoat - light red and red. Variant types may be produced from the
hyvbridization between wild species and cultivar orbelong to the evolution products frois wild
species 1o cultivar. Questions about the formation of variant types remain to be studied in
future.

Analysis of esterase isoenzyme gave 9 zymogram bands and 18 zymogram patterns from
124 accessions of various types of O. rufipogon originating from Guangxi, in which
symogram pattern 1359A had the highest frequency (42.7% ), and secondarily the 134579A
(9.7%). The typical type showed 9 zymogram patterns from 56 accessions tested, the
frequency of 1359A as 62.5% . The variant types showed 16 zymogram patterns from 68
accessions, 1359A represented 26.49% . Results indicated that 1AL SAL9A belong to common
zymogram band of O. rufipogon and cultivars, JA is an exclusive zymogram band of 0.
rufipogon, 4A. TAL 8A, TIA, 12A are exclusive zymogram bands of cultivars. In the
zymogram patterns of the variant types of O. rufipogon, there existed 4A and 7A of Hsien
type of cultivars. (4A, 57.4%  7A, 63.7%). The result indicated introgression of genes of
cultivars into wild species.

O. rufipogon was one of the most widely distributed in Guangxi and was found in 42
counties. The distribution area extends from 106°22° -1 11°50' E and 21°28'-25°11 N. Most
were found in the central and south section of Guangxi, where the rivers and swamps were
concentrated and the environment was suitable for the growth of O. rufipogon. There exist
some habitats of large arca. In more than 10 habitats, the area covered by plants of 0.
rufipogon reach more than 6 hectares. the largest one was about 28 hectares.

O orricivais Wall.

The morphological characters of O, officinalis originating from various ecological envi-
ronments were basically nodifferent. The morphological characters of Guangxi Q. officinalis
are: strong fibrous root system: decumbent habit: rhizomes; perennial; large and strong culm;
culmlength 200-300 em (the longest was 467 cm); long and broad leal (width 4.6 cm. length
123 cm): ligule tipround or truncate: long panicle neck (the longest was 123 em); panicle type
— open: generally without 2nd and 3rd order branching: panicle length 300 cm; generally
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200-300 grains per panicle; gra n width 0.2-0.26 cm: grain length 0.4-0.5 cm; seedcoat red:
strong shattering.

According to esterase isoenzyme analysis, 3 zymogram bands (1A, SA, 7A) and 2
cymogram patterns (17A, 157A) were obtained in which the frequency of 157A was 74,44
This result indicated the genetic homogeneity of O. officinalis.

The distribution range of O. officinalis was limited. It was found in 16 counties of the
southeast section of Guangxi. The distribution area extends from 108°46'—1 1 1°5() E,22°35
23959 N. 1t was located in the ditches between hills where the sunlight was less. O.
officinalis generally grows in the shade and in rich and acid soil.

Utilization perspectives
UTILIZATION OF GUANGXT GERMPLASM RESOURCES IN THE GENUS ORYZA FOR RICE BREEDING

Guangxi possesses abundant local cultivar resources. According to evaluation results in
recent years many materials had superior agronomic characters, such as good grain quality:
high protein content: large panicle: large grain. Some varieties were resistant to major
discases and insects, tolerant to low temperature and drought and to problem soil. Those
materials could be used for rice breeding and will contribute to breeding of high quality grain,
high yields, resistance breeding and 1o biological engineering. But the local cultivar also
possesses some shortcomings such as high-stalk. leal-droop, poor tillering, and is susceptible
to fertilizers and lodging, cte. These shortcoming shoutd be noted and overcome in
utilization.

According to the preliminary evaluation, 0. rufipogon and O. officinalis originating from
Guangxi possessed some special superior agronomic characters and resistant abilities which
could not be found in cultivars, The germplasm resources of O. rufipogon showed great
genetic diversity. O. rufipogon and cultivars belong to genome A and possess higher
combination ability. Therefore the resources of €. rufipogon possess high utilization value.
Although some superior materials were found in €. officinalis. there was a great distance in
relative relationship between the O. officinalis and cultivars. Overcoming the low combina-
tionability of hybridization and the unfavourable character of wild species were two difficult
matters. We are conducting studies of biological techniques to overcome these problems.

THE ROLES 0F GUANGXI RESOURCES IN THE STUDIES OF TANONOMY, ORIGINATION AND EVOLUTION

Katofirstcomprehensively studied the classification of . sariva in | 928. According to the
combination ability of Wybridization, 0. sativa was divided into Indica and Japonica types.
Based on the grain shape and size, Matsuo in 1952 classified 0. sativa into A, B and C types.
Ting Ying divided O. sativa into two subspecies (. sativa L. ssp. Hsien Ting and O. sativa
L. ssp. Keng Ting). Although there existed differences of classification method and
nomenclature, the views of the researchers on the classification of Hsien and Keng were
identical. There still exist some questions about the classification of 0. sativa. For instance
whether Javanica could be divided into the third subspecies. the classification of medial
types. Guangxi rice germplasm is of various types. including subspecies Hsien and Keng and
medial types. Keng and Keng Nuo rice have many types. The classification of Guangxi local
cultivars have not been systematically studied.

Many theories and discussions about the origination, evolution and propagation of ().
sativa have not yet been satisfactorily agreed upon. Guangxi has abundant local cultivars and
wild species, and undoubtedly. has a high diversity of the genus Oryza in oar country. The
geneticist NI Vavilov considered that the area of greatest crop diversiity would be its
origination site. Studies of Guangxi resources of Oryza are contributing to studies of the
origination and evolution of O. sativa.
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CHAPTER 25

Collection, evaluation and utilization of genetic resources
for barley breeding in Korea

FUNSUP LEE

Barley is used in Ko 2a as food. malt, feed and alcoholic beverages. As a winter crop barley
plays an important role in increasing cultivated land by double cropping alongside the
stmmer crop. Barley breeding programs were begun in 1907, But up to the 1970s, barley
breeding had mainly been carried out through the conventional pedigree method, specifically
for high vielding capacity.

From the carly 19705, the major target for the barley breeding program has been carly
maturity to aid barley-rice double cropping under paddy fields. Also, Korean breeders have
been interested in the resistance to lodging and discases. A regional peculiarity for barley
production in Korea is the need for winter barley with carly maturity and cold tolerance. A
severe problem was cold injury because earliness is strongly linked to spring types of barley
with weak cold tolerance. Utilization of germplasms with carliness. winter habit and cold
tolerance resulted in the development in 1977 of a new barley variety Dongbori | which is
churacterized by cold tolerance. carly maturity and intermediate winter habit, From this,
several varieties that have similar characters to Dongbori 1 were developed. In addition,
bodging was fargely improved by the development of a new variety *Kangbori™ in 1976, by
use of cross matertal, *Haganemugi® with high resistance to lodging.

Itis onty since the Tate 1970s that the study of grain quality has become important due to
demands tor high quality foodstuffs following rapid cconomic growth. Thus, *Chalbori’
(coveredbarleyyand *Challsalbori™ (naked barley) which are chiracterized by waxiness were
developed with the waxy gene.

Since 1980, new barley breeding programs have started on food, malt, feed, starch and the
milling process. Studies on barley are being vigorously carried out for these purposes with
the collecting, evaluating and utilizing of domestic and foreign germplasms under the
balanced budget.

Collection and evaluation of barley germplasm

Strong interest on barley germplasms started in the early 1970s for early maturity because
new developed paddy rice required carlier transplanting. Barley germplasm in Korea has
been preserved for the long term under low temperature since 1975, The first report on
landrace barley was published in 1979, An explanatory pamphlet on evaluation of 1714
harleys collected from domestic and toreign countries was issued in 1983,

Since 1984, special program on germplasm in Korea was prominently established as
shown in Table | Studies of barley germplasm were not started until 1983, Since active
participation started the germplasm collection has reached 86011, Most of this germplasm has
been sereened under natural and laboratory conditions.

From 1985, all germplasms sereened under field and laboratory conditions (7 019) have
been computerized and classified for their breeding potential. The remaining 1 592 acces-
sions which have not been sereened will be evaluated for future use. These germplasms are
stored at 137°C and 45797 relative humidity for the short term. Table 2 indicates that covered
barley occupied 874 and 6-row barley, 71% . thus showing that most barley is of the 6-row
covered type. However, naked barley occupies 134, Of these, there are a few 2-row barleys
which were recently collected and have been improved tor good tood quality. For cultivation
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TABLE 1 Coallection and evaluation of barley germplasm.

Year Until 1983 1984 1985 1986 1987 Total
Collection 2243 1673 937 2 166 1 592 Boll
Evaluation 2243 - 1673 937 2 166 7019
Computerization - - 1 673 937 - 2610
Long-term storage 2243 - 1673 937 2 166 7019

TABLE 2 Types of barley germplasm.

O-rowed harley 2-rowed barley
: Total
Covered Nahked Covered Naked
3062 (39 631 (12) 1 459 (28) 49 (1) 5201 (100%)

i Korea, barley is now planted in 6-row naked. 6-row covered and 2-row covered barley in
order. Inthe pastit was planted in 6-row covered barley. 6-row naked barley. 2-row covered
baricy in order.

However, it is considered neeessary 1o change acreage according to changing needs as
follows: 6-row naked for manufacturing, 2-row covered for brewing, 2-row naked for high
quality food, and 6-row covered for feed.

In 1987, 2510 germplasm samples were collected and sereened for the major agricultural
characters shown in Table 3.

[tis considered that effective barley breeding should be concerned with longer spike, more
grains per spike. and higher grain weight. Early maturity is sought in barley production in
Korea. However, heading before 20 Aprilleads to damage by chilling. There are many barley
materials for earliness, but chilling injury after heading is another problem in the search for
improved barley varieties in Korea,

TABLE 3 Range of some characters of Korean 6-row barley (1987).

Trait Range
Spike length 3-13em

No. of grains per spike ' 22-108

1000 grain weight 12-49 ¢

Stem length 43-140 cm
Hewding date 15.iv-15.v

Utilization of barley germplasm
WINTER HARDINESS

Winter hardiness varies according to the difterent cultivation areas. Improvement in cold
tolerance will increase the area of stable cultivation, Evaluation of germplasm and breeding
line to cold tolerance were carried out at 3 locations in Koreaat -5°C, -7°C, and -9°C average
minimum temperatures during January under 3 different cultural practices with high, com-
mon and low ridges, respectively. Cold damage was measured by survival rate of tillers and
individual plants. Korea needs barley varieties with winter hardiness. carly maturity and
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winter habit. This makes breeding difficult because of cold tolerance going with late heading.

Relations between cold injury and heading date for 528 Korean fand varicties are listed in
Table 4. Lines with carly heading date and winter hardiness were not observed in this
experiment. Itappeared that lines showing carly heading time were the most cold damaged
populations. "Dongbori 1" was selected for winter hardiness under average minimum
temperature of -9°C during January and used for crossing materials. Crosses between
“Dongbori I and other cultivars resubted in several cold-tolerance barley varieties. One of the
limiting factors for expansion of cultivaied arcas for naked and 2-row barley was extreme
susceptibility o coldness during winter months above the middle part of Korea. These
varieties should be cultivited only in the southern part of Koreia. However, naked barley
“Suwon 2367 and 2-row barley “Suwon 2120 were released for cold tolerance by use of
covered barley as cross matertals, (Table 3).

These new cultivars are being recommended for the middle part of Korea.

TABLE 4 Associations between cold damage and heading date of 528 Korean native varieties.
Association Observed Expected O-E x
(0) (£)
Least cold-damaged
Early heading 0 7.0 -7.0 7.00%*
Mid-carly heading 64 48.7 15.3 4.81*
Late heading 21 28.4 -14 1.93
Extremely late heading 1 2.0 -1.0 0.50
Miud cold-damaged
Early heading 14 28.1 -14.1 7.08%*
Mid-carly heading 190 196.3 -6.3 0.20
Late heading 135 114.5 20.5 3.67
Extremely late heading 8 8.0 0.0 0.90
Most cold-damaged
Early heading 29 17 21.3 58.92%+
Mid-carly heading 45 53.8 -8.8 1.44
Lae heading 18 314 -134 5.72*
Extremely Tate heading 3 22 0.8 0.29
X 9156+
* Significant at 54 level ** Significant at 1% level

TABLE 5 Winter hardiness of major barley varieties in Korea,

Varen Dongbori Olbori Suwon 236 Suwon 212
Row O-row O-row 6 row 2 row
Covered or naked covered covered naked covered
Cold damaget ) 0.1 522 527 534
Earviness

Under the double cropping system, it is necessary to harvest barley before transplanting rice.
Toincrease barley production, breeding for carliness is necessary because development of
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carly transplanting rice cultivars (a cross between Indica and Japonica types) preceded the
development of carlier barley varictics.

Heading in barley is closely related to the physiological factors such as carliness in the
narrow s:nse., photo-response, spring—winter habit and cold tolerance. Cold tolerance has a
greatinfluence on heading. In general, winter-hardy varieties resulted in delayed heading.
But spring barleys in carly heading were damaged by the cold. Table 6 shows the spring—
winter habit of barley varieties recently developed.

TABLE 6 Classification of growth habit for Korean land races and bred cultivars (1979-85).

Degree of growth habit

I 1 m v Vv Vi Total
Land races 55 3 22 282 37 0 399
Bred cultivars 108 37 95 54 0 0 294

There are many spring types. followed by fewer intermediate and winter types, indicating
the selection of carliness as a priority. Muny germplasm types have been utilized as crossing
materials for development of carly varieties since 1960. This effort has led to improvement
of many barley cultivars, These bred varieties and breeding lines were evaluated for photo-
response. Thus, Table 7. shows photo-responses of 264 released barley varieties and lines
since 1980as 214 extremely insensitive, S1% insensitive. 17% medium and 1% sensitive,
This result shows that much effort was given to selecting the insensitive lines to photo-
response at late generations for development of extremely carly barley varicties with crossing
lines insensitive 1o photo-response.

TABLE 7 Classification of photoperiodism for Korean harley bred cultivars and lines depending on the
differnce between short photeperiod (A) and earliness in narrow sense (B).

Difference Tested year All years

Classification (A-B) S S e
(days) 1982 1983 1984 1985 1986 No. (%)

Extremely 10 2 2 17 2] 14 56 21
msensitive
Insensitive 11-20 37 19 20 33 26 135 51
Maoderate 21-30 16 5 7 7 9 44 17
Sensitive 31-40 6 12 3 2 1 24 9
Extremely 41 - | 4 5 2

sensitive

Insensitive barley lines respond to short photoperiodism hefore the winter or regrowth
stage. and usually head carlier than sensitive lines. Thus breeders have more opportunity to
seleet the insensitive lines. and many insensitive lines selected were utilized as breeding
materials, Table 8 indicates the relationships among physiological factors related 1o field
heading time and carliness.
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TABLE 8 Correlation coefficient among physiological factors related to field heading time and
earliness in 1984,

Character S G H M
Earliness in niarrow sense (L) 0.721** 0.332* 0.683** (.563**
Short photoperiod (S) - 0.167 0.697*+* (.523%*
Growth habit (G) _ 0.269 0.129
Heading time (H) - 0.730**

Maturing tme (M) -

* Significam at 5% level ** Significant at 1% level

Field heading time showed highly significant correlations with earliness in the narrow
sense and short photoperiod. Earliness in the narrow sease was highly correlated with short
photoperiod. However, there was no correlation between spring—winter habit and field
heading ime. indicating that many spring types showed defayed heading time due to the cold
damage. Figure | shows changes of maturity in Korean bred barley cultivars according to the
vear of release. Maturity of “Jogangbori® and *Tabgolbori® showed 10 days carlier heading
than thatof *Buheung " and *Suwon 18" which were widely cultivated in the early 19705, The
carliest barley variety in Korea matures in late May: it is impossible to shorten the maturity
in the southern area. Barley should be headed about 20 April in order to mature by late May.
IFitis headed betore that date, barley plants will suffer sterility, longer maturing period, etc.
from chilling.
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FIGURE 1 Changes in maturity of Korean barley cultivars released from 1930 (o 1984,
S: Suwon 18 B: Buheung  O: Olhori  J: Jogangbori T Tabgolbori
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LonGinG

To improve lodging resistance, *Suwon 18 was developed in 1932, and Hangmi and
Yeugi with semi-dwarfness of the UZ gene in 1960, In the 1970s Olbori which has a strong
culm and high stem flexibility was used for the improvement of lodging resistant varicties,
such as *Albori”, *Buhobori® and *Paldaibori™ as shown in Figure 2.

Hapane
mugit )
Sangatsu
_____ Buheany )
1963
Buhobon
=
Milvang H (19%0)
—_— Albon
_____ (978
FOibor
(9730

_____ Paldalbori
[ (1082 ’
[ Dayton }—‘ L )

[ Taseh R
_____ —
| J Korean bred & Landrace
: ] Introduction
( ) Lodging resistance

FIGURE 2 Lineage for lodging resistance originated from Olbori of covered barley cultivars bred in
Korea.

‘Kangbori®, selected in 1975 from combination of *Bisenwase* x ‘Haganemugi’, is highly
resistant to lodging with stiffness of culm and tall plant height (90 cm). Several lodging
resistant varieties such as “Dongbori 1", *Dongbori 2°, *Durubori’, *Oweolbori'.
"‘Namhacbori®, “Jopungbori’. *Sacolbori’ and *Chalbori® had been developed by use of
"Kangbori™ as cross materials as shown in Figure 3. Nahed barley such as *Songhakbori”,
"Mokpo 517, "Muanbori” and " Saessalbori™, were also improved for resistance to lodging by
use of the semi-dwarf gene *UZ".

SPIKE SPROUT

In the field, barley spikes occasionally germinate at maturing stage during rainy weather.
In particular, food barleys have more problems due to spike sprout, because they are waxy
and naked, causes of easier sprouting of spike in rainy weather. Thus, one important breeding
target is to develop varieties resistant to spike sprout. Experimental procedures and methods
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FIGURE 3  Lineage for lodging resistance originated from Kanghori of covered barley cultivars bred
in Korea.

TABLE Y Germination rates 40 days after heading under different treatments.

H.O, Moisture Sand bed
Mean 8.5 5.7 1.2
SD 8.35 8.4 9.36
Range 0.7-30.0 0-38.7 1-44.0

TABLE 10 Germination rates under the sand-bed method.

Days after heading

20 30 40
Mean (.48 0.38 11.3
SD 1.34 7.82 9.36
Range 0-5.0 0-31.0 1-44.0

were developed to find better screening roethods for spike sprouting. In these barley seeds
were treated with H,0,. moisture, anc. a moistured sand bed. Many germplasm types
including breeding lines and recommended varieties were screened, and those selected used
as cross materials for development of resistance varieties (Table 9).

The sand bed method is best. showing higher mean germination. Studies on 3 difterent
stages for spike sprout indicate that treatment at 40 days after heading was the best (Table 10).
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TABLE 11 Sprouting rates according to wx and naked genotypes (1987).

Classitication No. of varieties Mean SD Range
NN WxWx 74 6.83 7.27 0-30.6
NN-wxwy 6 18.05 9.02 7.3-31.3
Difterence 11.22%*

nn- WxWx 35 8.09 9.62 0-38.5
N - WXWX 22 18.50 9.94 1.9-40.7
Difference 10.41**

** Siguificant at 1% level

TABLE 12 Sprouting degree of major varieties in Korea ('83-'86).

O-row, 0O-row, 2-row, 2-row,

Classification Range covered naked covered waxy

Low Below 5% Dongbori 2 Iri 9 Dusan 8

Medium 5-20% Sucotbori Baekdong Hyangmaek Chalbori
Paldalbori Songhakbori
Bunong

Heavy Above 209 Durubori Neulssalbori Sacheon 6 Suwon 235
Namhacbori Iri 15 Dusan22 Suwan 236
Kangbori

Spike sprouting on dwarf 2-row barleys such as *Dusan 8 and *Dusan 12’ for malt also had
improved lodging resistance. The development of dwarf varieties resistant to lodging has
been continued intensively with them. Table 11 indicates spike sprout on germination using
naked and waxy varieties. Waxy barleys showed rapid absorption of water, but there was no
difference between hulled and hull-less barley.

Table 12 shows the differences of spike sprout among 18 different cultivars. *Dongbori 2,
Iri 9% and "Dusan 87 showed < 5% of spike sprouting and spike sprouting on *Suwon 235°,
"Sacheon 6" and *Neulssalbori” was > 209% . Recent studies have concentrated intensively on
the development of resistant varieties by use of germplasm with covered variciies having
resistance to spike sprout as cross materials.

IISEASE

Barley discases are not a serious problem in Korea. However, there are two potentially
important diseases, “powdery mildew” and “barley stripe disease” which frequently attack
plants. Studies were undertaken to select resistant cultivars to control powdery mildew. As

TABLE 13 Distribution of breeding lines and recommended varieties on powdery mildew.

Trait R MR MS S

No. of variceties 208 20 77 560
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TABLE 14 Pearling and cooking characteristics of SW 235 with w x w x nn compared Saessalbori
W . W . NN,

Pearled grain
Cultivar

Amylose Water Pearling
content Whiteness MVT MV Consistency — absorption Expandibility rate
() () ¢y (Bl (B (%) (%) (%)
SW 235 5K 403 70.0 1770 107 261 482 774
Sacssalbon 227 40.6 92.5 Y50 540 214 400 748

aresult, many varieties resistant to powdery mildew were selected as shown in Table 13, But
breeding for resistance to powdery mildew is not vigorously carricd out because the disease
causes oily sporadic damage to barley plants,

Barley stripe disease occurs under conditions of high temperature and high humidity after
winter months. Even thongh the discase is systemic, it can be prevented by chemical
treatment. Recently selections for barley stripe resistance were made. Of those tested, 56%
are resistant varieties,

Quarin

Barleyis used as food in Korea. Thus, pearling and cooking quahty is very important. Barley
ts mixed with tice for cooking. Non-waxy barley is characterized by the poor absorption of
water. The barley has to be soaked in water forone day before cooking, or hoiled before being
mixed withrice for cooking. But waxy genotypes casily absorb water. Thus, the waxy variety
“Chalbon™ was developed in 1984 by the back-cross method. By use of this variety as cross
material*Suwon 236" and "Suwon 235" which have waxiness and nakedness were developed
i 1987, Table 14 indicates the differences of *Suwon 2357 (waxy and naked) and *Saes-
salbort” (non-waxy and nakedy on pearling and cooking qualities. Waxy variety *Suwon 235°
showed jower amylose content (5.8% ). lower gelatination temperatnre (70°C), and low
consistency compared to non-waxy variety *Saessalbori”. However, *Suwon 235" showed
betier whiteness, maximum viscosity, water absorption, expandibility and pearling rate.



CHAPTER 26

Utilization of ecotypes in forage grass breeding in Japan

Y. TERADA

Forage grasses are not indigenous to Japan, but were introduced from abroad about one
hundred years ago. and some grass species, such as orchardgrass, timothy and Ialian
ryegrass. were adaptable 1o the Japenese environment. These species have resulted in
viluable ccotypes by natural selection for many years. The populations are heterogencous
and have lTarge genetic variability and genes adaptable to the Japanese climate. They have
been used as breeding materials along with newly introduced foreign genctic resources,

At present. we have 59 Japanese varieties of 15 species: 18 (3240) are developed from
ceotype and 14 (25%) from both ccotvpes and forcign germplasms. They are cultivated
widely overafarge area on erassland in Japan. This indicates that ccotypes have provided
very important gene sources for grass breeding in Japan.

A new research project for the utitizaton of ccotypes started from 1984 in MAFE, and
[ 500 ccotype germplasms have beea collected and are now being evaluated.

Short history of Japanese forage grass ecotypes

More than ten species of cool-season grasses and legumes and several species of warm-
season grasses are cultivated for forage production throughout Japan, because of the diversity
of climatic conditions, These species are not native but were introduced from abroad less than
three hundred vears ago (Table 1).

TABLE 1 Intraduction and ecotype formation of furage grasses in Japan,
Species Frst Adaptation Acreage under Ecotype
introduction arca cultivation formation
Halian ryegrass 18705 C-S Very large Very high
Perenmal ryegriss 18705 C-N Small Low
Urchardgrass 1870 N-§ Very large Very high
F'inothy I870s N Very large High
Tall fescue 1870s N-§ Large Medium
Meadow foscue 18705 N Large Low
Smiooth bromegrass 1870y N Small Very low
Balit grass 1952 S Very small Very low
Dallis griss 1906 S Very small Medium
Rhodes grass 1960 S-C Small Low
Coloured guincagrass 1960s S-C Very small Low
Guineagrass 1960s S-C Very small Very low
Red clover 1600 N-S Large High
White clover 1600s N-S Very large High
1870s N-C Medium Low

Altalta

N: Northern Japan,

C: Central Japan,

S: Southern Japan,
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Red clover, Trifolium pratense. and white clover, T repens. were intioduced from th
Netherlands in the 1600s with other imported goods.

About one hundred years ago. many species of cool-season grasses and legumes wet
itroduced by the Japanese Govermment from the USA in order 1o {ind out which wer
adaptable to Japanese climate. especially to that of Hokkaido. In the experimental field test
in Hokkaido. some of them faifed 1o adapt, butseveral species survived and became adapte
to the climate and soil of Hokkaido (Table 2). Orchardgrass, Dacivlis elomerara, an
Timothy, Phlcum pratense. were most promising and widespread in Hokkaido and Tohok
regions, They were cultivated in pastures and meadows., but some plants escaped and becam
naturalizedonthe road and river side among other native weeds, and changed into naturalize
populations.

TABLE 2 First introduction of grasses and legumes in Hokkaido, Japan, from USA, in 1877, by
William P. Bruck.

Species Amount of Present caltivation and distribution

introduced seeds (1)

i
|

Orchardgriss 300 Popular in all Hokkaido. Escaped plants are
|‘ naturalized on roads and riverside.

Timothy 300 The same as above,

Tall fescue 50 Few but promising tor beef-cattle,

Perennial ryegrass 40 Small area, less winter-hardiness.

Italian ryegrass 40 Only summer annual cultivation.

French ryegra.s 40 No.

Kentucky blue grass 150 Popular in pastures. Escaped plants are
aggressive in old pastures.

Red top 150 Extremely few in pastures.

Sweet scented vernal 30 No.

Lrass

Hungarian grass 100 No.

Red clover 150 Popular in mixed grassland. Escaped plants are
naturalized in the fields.

White clover 75 The same as above,

Mangold wurtzl 6 No.

Tumip rutabaga 6 Extremely small areq.

Tumnip swede 4 The same as above.

Meadow fescue — Semi-popular in the mixed grassland
with orchardgrass, timothy and clovers.

Aifalfa — Promising species, recently rapidly enlarged
for its excellent quality.

Seventy to eighty years ago, several national livestock farms and a few private livestock
farms were formed in all parts of Japan, and some of the cool-season grasses, such as Italian
ryegrass. Lolium multiflortim, orchardgrass, red clover, white clover, etc.. were introduced
and cultivated. Harvested seeds were stored for the next sowing.

Through many years of natural selection and regeneration, their progeny has acclimatized
to become ccotypes or local domestic strains of Japan,

In 1906, dallisgrass. Paspalum dilatatum, a species of warm-season grass, might have
come from Australia to the national livestock farm in the southern Kyushu, together with hay,
when horses were introduced. It escaped from the field to river sides, spread and grew as a
weed everywhere in Kyushu by natural propagation,

After World War [1, many species of warm-season grasses were introduced from subtropi-
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cal and tropical regions to sowthwestern Japan, but their ecotypes have not been foun so for

1 these arcis.,

Characteristics of torage grass ecotypes

Allthe ccotypes have the characteristies of carly maturing, erect growth, stemy plant type,
good winter or summer tolerance, medium disease reasistance, high seed yield and moderate
forage yield. Barly mataring plants are commonly found in many ecotype populations in
orchardgrass. timothy and red clover. Hokkaido ecotypes ol orchardgrass have good winter
hardiness and good regrowth in spring after winter injury: Miyazaki and Okayama ecotypes
twild populationy have excellent summer tolerance.

Plants with these charactenisties are thought to have gained selective advantage over
competing populations over a long period.

Orchardgrass and Ttdian ryegiass ecotypes were not resistant to brown stip discase and
crown rust discase. respectively. Natural selection may be less effective for these leaf
discases, because they do not cause serious damage to seed formation,

Sinceallofthe cool-season grasses are cross-pollinated and heterogencous. these ecotypes
have farge genetic variability and adaptive genes to Japanese climate and soils. In addition.
an important aspect of ecotypes seems to be the potential variation hidden under apparent
uniformity ol phenotype, and selective effects of the ecotypes are higher than forcign or
improved varieties.

Fror these reasons, Japanese ecotypes have been utilized as valuable breeding materials,
along with newly introduced foreign genetic resources, sinee the 1950s when the Japanese
breeding project started.

Utilization of ecotypes as breeding materials of forage grasses

In 1964, forage-grass breeding organization was established with 13 laboratories of 11
stations located from castern Hokkaido to southern Kyushu (Figure 1). Several grass species,
which have proved to be promising in cultivation trials, were employed to breed new varieties
adapted to Japanese environments. Species for breeding were determined ‘n cach breeding
station according to their environmental condition.,

vhe first step was to colleet and evaluate the ecotypes from the old farms and pastures.
Comparative breeding methods were used for selection from the ecotype population, and a
new variety was first released in 1965,

From 196510 1987, 56 varicties of 15 species have beenreleased including public and non-
public varicties (Table 3). These varieties are classified into three groups according to
breeding materials @ 1) varieties selected from ecotypes or domestic strains originated from
ceotypes : 2) varieties developed from both ecotypes and foreign varieties ; 3) varieties from
toreign varieties or strains.

The first group has 18 varieties (32% of total) including 7 varieties of Italian ryegrass and
5 varieties of orchardgrass.

The second group has 14 varieties (25%) including 4 orchardgrass varieties and 3 varieties
of ltatian ryegrass and red clover. So, ecotype genes are efficient in 32 varieties of 8 species,
which are 57% of all Japanese varicties.

I the carly stage of breeding work between 1965 and 1971, the breeding materials were
mostly ccotypes of alian ryegrass, orchardgrass, timothy and red clover. In the period
between 1972 and 1979, varieties from ecotypes decreased, and those developed from both
introduced and mixed materials increased. In the period between 1980 and 1987, direct
selection from ecotypes decreased. and the varieties and strains from ecotypes in the carly
period of breeding were used as breeding materials. The efficient combination between
ccotypes and foreign germplasms is more important for the next stage of breeding.
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FIGURE 1 Location of Breeding Stations.

the Tottori ecotype of Tralian ryegrass is most im
1C.

on

- Kitami Agric. Exp. Sta. : Timathy. Smooth bromegrass
- Hokkaido Agric. Exp. Sta. : Orchardgrass, Fescue, Red clover, Alfalfa
- Fohoku Agric. Exp. Sta. : White clover

Nattonal Grassland Research Institute : Orchardgrass
Hokurihu Agric. Exp. Sta. : Italian ryeprass

- Ibaraki Livestock Exp. Sta. : Italian ryegrass, white clover
- Yamanashi Dairy Exp. Sta. : Perennial ryegrass

- Aichi Agric. Exp. Sta. : Alfalfa. Panicum

- Yamaguchi Agric. Exp. Sta. : Italian ryegrass

Kyushu Agri. Exp. St : Tall Fescue, Tropical grasses

- Kagoshima Agric. Exp. Sta. : Bahia grass, Rhodesgrass

Table 4 shows all the varieties originated from ccotypesreleased by MAFF. Inallecotypes,

Waseaoba, Waseyutaka, Minamiwase and Haruaoba. The
the OECD variety list in 1967, named St. Tottori.

portant; it was used to develop four varieties,
Tottori ecotype was registered
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TABLE 3 Classification of breeding materials in Japanese varieties,

Species 1965 -71 197279 1980~ 87 Total No. of
EMF EM F EMF EMF varieties
Talian ryegriss 300 223 210 73 3 13
Perennil ryegress 00 0 0 0 2 0 9 2 0 0 3 3
Orchardgriss 40 1 0 21 120 5 4 2 11
Timothy [V 01 1 010 122 5.
i leseue 000 1o 1 1 10 2.1 1 4
Meadow fescue 000 000 0 01 0 0 1 1
Smooth bromegriiss 000 000 0 01 001 1
Bahia griss 00 1 0 1 0 01 003 3
Dallis grass 000 000 1 00 I 00 |
Rhodes grass 000 0 0 0 01 00 1 1
Coloured guincagrass 00 0 000 0 01 001 l
Gumeagriass 00 0 000 0 01 0 01 |
Red clover 110 020 1 00 230 5
White clover 010 000 00 2 01 2 3
Altalta 000 0 0 1 011 01 2 3
Total 9 23 3710 6 611 18 15 23 56

Fo Beotype and domestic strain bred from ecotype.
Mo Mined wihzation both of ecotype (E) and foreign germplasm (F).
Fo Varieties bred from foreign germplasm,

Hokkaido ecotypes of orchardgrass and timothy are aiso valuable genetic resources.
because the feading varieties in Hokkaido. Kitamidori orchardgrass and Senpoku timothy
were selected from the many populations of Hokkaidoe ecotypes.

In the early stage of grass breeding, mass selection and maternal line selection were
dominant, but later the synthetic variety method combining domestic and forcign germ-
plasms became popular in cross pollinated grasses, in order to promote heterosis.

New project for the future utilization of ecotypes

Ecotypes are valuable as breeding materials with their tolerance to environmental stresses,
such as their tolerance to cold. snow, heat, wet and drought conditions.

Recently, foreign varieties and newly released Japanese varieties have been grown in all
arasslands of Japan: therefore original ccotypes were eliminated and become spontancously
crossed with these varieties. Genetic erosion of the original ecotypes is becoming serious in
Japan.

A new rescarch project of ecotypes started in 1984 in 14 faboratories of 5 national and 2
prefectural experiment stations. Collection of ecotype germplasms and development of
practical methods of evaluating stress tolerance are our present main concerns.

From 1984 to 1986, we collected 1500 germplasms of seeds and plants from all over the
country (Table 5), and they are now being evatuated in the breeding stations. We hope to find
materials and methods for developing varicties with broad adaptation and high tolerance to
unfavourabic environments.
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TABLE 4 List of grass and legume varieties developed from ecotypes released by MAFF.

Breeding No. of strain
Variety Year Station  Material® EF Ecotypes

ltalian rvegrass

Wascehikari 1965 4 E 10 Chiba Livestock Exp. Sta.
Qobahikari 1965 4 E I 0 Hillside of Mt Yatsugadake
Waseaoha 1970 5 E I 0 Tottori Livestock Farn
Waseyutaka 1972 9 E 30 Tottori, Kuroishi, Kochi
Nasuhikari 1974 4 M - - Total 17 strains
Minanmiwase 1977 9 M 4 7 Kuroishi, Tottori, Kochi. Ibaragi
Mivukiaoba 1983 5 M 14 4 Nigata
Haruaoba 1987 6 E 30 Tottori Miyarkil Kuroishi
Orchardgrass
Aomani 1967 4 E L0 Kariwano in Akita prf.
Kitamidori 1968 2 E 6 Hokhkaido 6 places
Okamidori 1976 2 M V7 Eastern Hokkaido
Akimidori 1976 4 M 6 2 Okayama, Fukishima, Tottori
Makibamidori 1981 4 M 4 4 Fufushima
Wasemidori 1987 2 M 5 3 Eastern Hokkaido
Timothy
Senpoku 1967 1 E 17 0 Hokkaido ecotypes 17 strains
Nosappu 1977 1 M 2 2 Aomori, Kushiro
Kunpu 1980 1 M 2 1 Hidaka and Kitami (Hokkaido)
Tall fescue
Hokuryo 1972 2 E 1 0 Tukisamu (Hokkaido)
Dallis grass
Natsugumo 1980 10 E 10 Shikine in Kagoshima prf.
Red clover
Sapporo 1966 2 M ~ 35 Hokkaido zairai
Nishiaka 1974 4 M 3 36 2 from Hokkaido, 1 from Chiba
White clover
Kitaooha 1971 3 M 1 36 Morioka
Alfalfa
Kitawakaba 1973 2 M 9 5 7 from Hokkaido, 2 fromHonshu

* Refer to Figure 1 for member of breeding station
" Refer to Table 3 for classification of breeding materials

TABLE 5 Number of ecotypes of forage grasses collected in Japan in 1984-86.

Specoes North? Central® South® Total
Timothy 50 27 4 81
Orchardgrass 73 76 137 286
Tall fescue 39 38 197 274
Perennial ryegrass 9 4 8 21
Italian ryegrass 5 52 112 169
Rhodes grass 0 0 152 152
Coloured guineagrass 0 36 0 36
Red clover 75 32 52 159
White clover 56 35 126 217
Alfalfa 19 95 2 116

* Hokkaido and Tohhoku.
® Kanto, Tookai, Kinki and Hokuriku.
¢ Chugoku, Shikoku and Kysushu.
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CHAPTER 27

Ecotype differentiation and geographical distribution of indige
nous rice varieties in Yunnan province of China based on esteras
Isozyme loct

NONG AN HUAL WANG HUSE YL INOUE MASAKATSU AND NAKAGAHRA MASAHIRO

To improve rice varieties in Yunnan provinee in China, a collaborative project betwe
Yunnan Academy of Agricultural Science, China and the Tropical Agriculture Resear
Center, Jupan was initiated in 1981, Since then, we have focused on the uatilization
tndigenous Yunnan rices bearing resistance genes for pests and discases, cold tolerand
during growth and flowering stages, and the other helpful agronomic traits.

As one of the aims of this collaborative study on rice breeding, we are trying to evalua
indigenous varieties ol rice in Yunnan provinee as mother materials for future hreeding.

Inorder to clarity the genetic diversity of cultivated rice varicties in the provinee and -
evatuate them on the level of varietal groups, we attempted to find the extent of isozym
polymorphism. As the firststep. we adopted the esterases, because it is well known that the
have many loctand wide variations within the species of Orvza sativa L.

Materials and method
MATERINES ANALYZED

The materials used totalled 426 varieties as shown in Table 1. Of them, 392 varieties we
obtained from Yunnan Province and  were mostly indigenous except for 49 improve
varictios. Inaddition, 13 varieties were from other provinees, 15 from Japan and 6 from oth
southern countries of Asia.

Tomake geographical distribution clear, the Provinces were divided into seven regions i
accordance with the climatic and agroecological conditions as shown in Figure 1 and Tabl
o Tenplants seeded were heavily fertilized at 4-5th leaf stage so as tobe given aclearenzym
activity.

TABLE 1 Materials used and their seed sources.
Number of varicties
No. Regionat division S . e
Indigenous Improved Total

i Northwest region of Yunnan Province M (] I
2 Mid-north region of Yunnan Provinee 30 38 68
3 Mid-west region of Yunnan Provinee 0 0 6
| Southeast region of Yunnan Province 18 1 29
S South region 1 of Yunnan Province 129 0 129
0O South region 2 of Yunnan Provinee 65 0 65
7 Southwest region of Yunnan Province 84 0 84
Total in Yannan Province 343 49 392

N Other Provinees of China 6 7 13
B Japan 1 id 15
10 Other Asian countries 6 0 {]
Total 356 70 426
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FIGURE 1  Yunnan province and the divided regions.
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EXNTRACTION OF THE MATERIALS

After four days of fertilizer application, 2-3 plants (whole parts of top) were sampled and
imediately stored at -E57C until use. The frozen materials were mashed by a specially
developed homogenizerattached toan electric drith o obtain well crushed tissues (Nakagahra
ctal. 1976). The crude extracts were prepared without the addition of any buffer solutions
ordistilled water to optimize the intensity of enzyme activity. They were then safely stored
under the original conditions for several months.

4 FCTROPLORESIS

Electrophoresis for esterase isozymes were performed by the horizontal agar-gel thin-
layer method (Nakagahra et al. 1975). The gel medium contained 2% of agar and 3% of
polyvinyipyrrolidone ina beronal buffer solution (pH 6.8). After electrophoresis, the activi-
ties of esterases on the plate were stained by the spray method using « p-naphthylacetate as
the substrates and Fast Blue B salt for the staining.

Results and discussion
GENFHC VARIATIONS ON ESTERASES IN YUNNAN PrOVINCE

Activities of esterase isozymes were observed in all kinds of bands. Nine alleles out of four
foct which were already known from their genetic control and a new allele, Band 2A., were
traced as the markers. They were Est-1, Est-2, Est-3, and Est-4 has 2 (1A and null), 3(6A, 7A
andnulh. 2012A and 13A). and 2(10A and nully alleles, respectively. Band 2A migrated close
to IA but faster than 1A, so that it has a possibility of an allele of Est-1.

Indigenous varieties of Yunnan Provinee had all the kinds ol allelic variations which were
theoretically expected. but also had a new allele representing Band 2A (Table 2). Figure 2
demonstrates a zymogram variation concerning Est-1, Est-2 and Est-3. Figure 3 shows the
presence of Band T10A (Est-4). Figure 4 is an example of a new zymogram concerning Band
JA. Then, it was generally recognized that the provinee has wide allelic variations like the
neighbouring areas of Burma, Thailand and Laos, where vich diversities were displayed as
reported carlier (Nakagahra 1986a).

TABLE 2 Percentage occurrence of each allele in the materials used.

Alleles observed

No. of

Source of varieties Est-1 0 Est-1 Esi-2® Est-28 Est-2* 0 Est-3° Est-3" Est-4 EBst-4"  varieties
Yunnan Province 90.8 92 105 145 750 577 423 329  67.1 392
Other provinces in China 100,00 00 00 7.7 923 61.5 385 154 846 13
Japan 100.,0 0.0 0.0 0.0 000 100.0 0.0 0.0 1000 15
Other Asian countries 16,7 833 333 00 0667 K67 333 0.0 1000 6

DISTRIBUTION OF GENE FREQUENCIES

The gene frequency of materials used was 90.8% in Est-1,9.2 in Est-1%, 10.5 in Est-2%, 14.5
in Est-2", 75.0 in Est-29, 57.7 in Est-3%, 42.3 in Est-3%, 32.9 in Est-4 and 67.1 in Est-4°,
respectively (Table 2).

After dividing the province into seven regions based on the climatic and ceological
conditions, the relationships between the regions for the gene frequencies of the loci were
compared. The number of alleles in the southern regions, 5. 6, and 7, was larger than that in
the northern regions, 1 and 2 (Table 3). Average gene diversity (H) was lowest in region |


http:fttom.eu

224 XIONG JIAN HUA, WANG HUSI Y1, INOUE MASAKATSU AND NAKAGAHRA MASAHIRO

Ano

13A 5
124 - »
A -
TA -
HA
A -
e T R e e PN WS T e i -+, Origi)
| 2 3 4 5 6 7 8 9 10 112
Variety

FIGURE 2 All possible combinations of esterase isozyme genotypes expected by 7 alleles of 3 loci found
in Yunnan rice,
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FIGURE 3 Examples of zymogram variations and a new isnzyme of esterases, Band 10A, found in
Yunnan rice.
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FIGURE 4 Zymogram patterns showing a newly found isozyme allele, Band 2A, in southern parts of
Yunnan province.

Variety No. 1 4 and 10 has band 2A, respectively.

TABLE 3 Distribution of allelic frequency of each region of Yunnan Province and its gene diversity,

Frequency of allele in
No. of No. of
Noo o Region'  Est1 (2A) Est1¢ ESG2 Est-20 B2 Est-3 Est-3 Est-d Bst-4 alleles HY varieties

Northwest  LOO (1,00 0.00 000 .05 0Y] LOO - 000 000 1.00 S 004 11
Mid-north 10O 000 0,00 000 000 L0 083 017 007 093 6 010 30
Mid-west LOO 000 0.00 007 000 0X3 050 050 0.50 0.50 7 0.2 6
Southeast 094 006 000 11 001 078 067 033 033 0.67 9 034 18
South | 0.07 .03 001 0.0 009 (0K 048 052 040 06! 10034 129
6 South 2 074 026 0.03 017 028 055 059 052 028 0.72 10 046 65
7 Southwest 083 017 007 014 004 071 045 055 0.3 0.60 10 042 &4

A ke Tk b —

Total B.OT 062 007 011 014 075 058 042 033 067 10039 392

“Regons are divided into 7 as shown in ‘Table 1.
“H Average gene diversity (NED 1975)
Includes 49 mproved varieties,



226 NIONG AN HUATWANG HUSO YL INOUE MASAKATSU AND NAKAGATIRA MASAHIRO

(Northwest), and increased towards the south, The frequency of cach allele has a constant
geographic tendencey inthe direction of south to north. These results indicaie that varicties
in the southern part of Yunnan Provinee comprise a wider riange of gen-tic variations than
the North in the isozyme alleles.

TABLE 4 Geographical cline in the frequencies of esterase genotypes in Yunnan Province.

Regional division

Genotype! Northwest Mid-north Mid-west Southeast South 1 South2  Southwest
1 1(5.6) 323 1(1.5) REKXQ)
2 1 (16.7) 4.1 1(L5)
3
4 1(1.5)
S 2(1.6) 4(6.2) 4 (4.8)
6 647 609.2) 224
7 1(1.5)
8 1 (1.2)
9 2 (6.7) 2(33.3) 1(5.6) 36(279) 8(12.3) 14 (16.7)
10 4 (13.3) 14(109) 3 (4.6) 15 (17.9)
I 1 (1.9)
12 1(1.2)
13 2124
14 43.) 230 4 (4.8)
15 1(0.8)
16 5 (1.1 3(3.6)
17 1 (1.5) 3(3.0)
I8 431 2 3.)
19 1 (1.5)
20 3 4.6) 1 (1.2)
21 1 (3.3) 1 (16.7) 5(27.8) 7 67 1 (1.5 2 24
22 11(1000)  23(76.7) 2(33.3) 11(61.1) 45(349) 19(29.2) 21 (25.0)
23
24 2(1.6) 3(4.6) 1(1.2)
25 1(0.8) 2@3.D 6(7.})
No of
genotypes 1 4 4 4 13 19 16
Total No of
varietics I 30 6 18 129 65 84

* Genotypes in a gamete phase are 1: E-1E-25E-2"E-4, 2; E-1E-25E-3'E-4*, 3: E-1"E-2°E-3"E-4, 4: E-1°E-25E-
FEA" 5 E-1E-2YE-3VE4, 6: E-1E-2E-3"E-4*, 7: E-1"E-2VE-3'E-4, §: F-] SE-2VE-3YE-4,9; E- | E-2*E-3'E-4,
(0 E-TE-2E-3"E-d° 11 E-I°E-2"E-3'E-4. 1 2: E- "E-2°E-3'E-4*, 13: E- | E-2°E-3°E- 4, 14: E-1E-25E-35E-4°,
15 E-1"E-2E-3E-4, 16: E- PE-25E- 35E-4°, 17: E-[E-2'E-3%E-4, |8: E-1E-2"E-3E-4%, 19; E-I°E- 2VE-35E-4,
200 E-E-2TE- 3 E-40, 20 B-TE-2E-3%E-d, 22; B-1E-2°E-35F-4¢, 23: E-PE-2'E-3°E-4, 24 E-1*E-2°E-3%E- 4,
and genotype 25 is the others concerning Band 2A. The gene symbol E s the abbreviation of Est of the
esterase locus.,

GEOGRAPHICAL CLINE ON THE GENOTYPES IN YUNNAN PROVINCE

Clear geographical clines of genetic markers are frequently found by their genotypic
combinations in some crop species. Rice plants are a good example as reported carlier
(Nakagahra et al. 1975). Genotype frequencies combined by the four isozyme loci, which
amount theoretically to 24 combinations as shown in Figure 5, were caleulated in each region.
The largest diversity of the genotypes was observed in the southernmost regions in the
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FIGURE 6 Geagraphic cline of esterase genotypes of native in Yunnan,
More than 90% of varieties of rices can be separated into Indica and Japonica by the vertical
dotted line. Varieties on the left side are mostly Indica, and those on the right mostly Japonica,

vicinity of Laos and Burma, No dominant varietal groups were noted in these regions. The
distribution of some of the genotype frequencies was clearly dependent on geographical
locations. Namely, the degree of diversity exhibited was greatest in the southernmost regions;
it decreased toward the north and only a few genotypes were observed in the northernmost
regions (Figure 6).
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GENETIC VARIATIONS OF YUNNAN RICES AND THEIR CLASSIFICATION

Yunnan province is located in the subtropical arca, but has large differences in climate
becanse of its topography. As an example. the altitude of rice cultivating areas. ranges from
70mto 2600 mabove sealevel in the south-north direction. The northern parts are mostly
ghland. and the southern parts are hilly arcas.

The present experiments indicate that the southern part o Yunnan provinee is included in
the centre of genetic diversity of” Asian rice varicties as reported in previous studies.

On the other hand. the materials in the present study include some kinds of varictal groups
suchas Indica (Hsien rice), Japonica (Keng rice), Javanica (Nuda or Guanggiao rice. or Hill
rice). The Japonica group (Keng rice) was cultivated in the northern regions in most cases,
whereas ail hinds of varictal groups were cultivated in the south,

Furtharmore. there are some varicties from the southern regions that are not definitely
classtfied yer, whenwe use the other qualitative and quantitative characters or agronomic and
brological iraits such as the resistance of pests and diseases, the water requirement, the
termperature stress and some of the reproductive barriers. In tact, Yunnan rices have valuable
agronomic characters such as blast resistance, cold tolerance, various degrees of endosperm
contents, and so on.

[tis noted thatindigenous varieties of Yunnan provinee hold an important position not only
to classify and distingush Asian rices but also to evaluate as useful genetic materials for the
futare. They are stll expected to be collected comprehensively and to be analyzed geneti-
cally,

Yunnan rices. then, require turther study in relation to evaluation of their genetic consti-
tution for vartous other characters in plant genetic resources work.
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CHAPTER 28

Aspects of the evaluation and utilization of wild germplasm
in Brassica in Japan

K. HINATA

Seed storage of Brassica and its wild allies is carried out in the Laboratory of Plant Breeding,
Tohoku University under financial support from the Japanese Ministry of Education. This
laboratory is also designated by IBPGR for storage of one of the base collections of wild
relatives of cruciferous crops. The wild germplasnis used for studies on the taxonomical and
evolutionary relationships in this taxon and on the utitization of wild germplasm for
biosciences. Investigations concerning germplasm of wild brassicas recently carried out in
our laboratory are reported here.

Consideration of the species relationships in subtribe Brassicinae in view of cluster
analysis of morphological characters

The taxonomic refationships of 33 species (122 strains) in subtribe Brassicinae were
stuated by using Euclidean distances caleulated from 53 metric characters. Through cluster
analysis applicd to the species and subspecies in the genus Brassica, six large clusters were
defined (Figure 1), By the same 1ncthod. Diplotavis was grouped into four clusters,
Frucastrum into two, and Sinapis into two. These clusters coincided in general with the
taxonomic sections ot Schulz (1936), but some exceptions were noted. Most of the
exceeptional species were those placed in critical positions by cytological observations, It was
found that cluster grouping reflected the cytogenetical relations of species fairly well.

Relationships among clusters and genera are represented by a Euclidean distance matrix,
and the cevolutionary trends of those taxa are discussed. Cluster B-3 composed of 8.
Sruticulosa and B. barrelieri cytodems. cluster D-1 composed of Diplotaxis siifolia. D.
assurgens. D, catholica, D tenuisifigua and cluster E-1 composed of Erucastrum cardami-
noides, Iovarium, . lewcanthiom, . nastrtiifolium, were closely related to cach other
forming a complex. This complex is closely related o Sinapidendron species which was
considered to retain some characters in common with their putative ancestor by Gomez-
Campo and Tortosa (1974). Species in the other clusters are considered to be derived from
the hypothetical ancestor in the course of evolutionary divergence (Figure 2).

Uhloroplast DNA variation among diploid species in Brassica and allied genera

The restriction enzyme cleavage patterns of chloroplast DNA of eleven diploid species of
Brassica and its allied genera were compared by using five restriction endonucleases. A
dendrogram of species relationships as shown by the estimated numbers of recognition site
mutations was drawn. The species were grouped into two clusters at the 5 recognition site
mutations (Figure 3). The clusters did notalways correspond to genera recognized in current
txonomy, but good correspondence was observed with the grouping by fraction | protein
large subunits, The species relationship as seen with the present method were significantly
correlated with those found in cytogenetical studies, but not with those based on numerical
morphological taxonomy. Tt was suggested that Brassica species have strong potential for
morphological variation and they have diversified according to their habitats (Yanagino et
al. 1987),
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FIGURE 1 A dendrogram constructed by cluster analysis for 50 strains of 19 species in Brassica.
Parentheses denote genomic symbols. (Adopted from Tak:hata and Hinata 1986)

Callus growth and shoot regeneration in the wild species of Cruciferae

The ability for callus proliferation and plant regeneration was surveyed for 79 strains of
about 50 wild species in the taxon. Leaf segments were cultured on MS medium with
I'mg/l 2,4-D to produce calli, and the growth of calli was evaluated. Response to a liquid
cubture wasalsoexamined in some species. Shoot regeneration ability from leat segments and
primary callus was evaluated on MS medium supplemented with mg/I NAA, 1 mg/l 6-BA
and 100 mg/ casamino acids. Many of the species produced brown coloured calli and their
subcultured calli were not vigorous in growth. However, some species produced a whitish-
yellow and friable callus, and the calli of Diplotaxis tenutsiliqua, Sinapis arvensis, S. turgida,
Moricandia arvensis and Lepidium sativum were subcultured for more than four years
without browning. The calli of Brassica fruticulosa, M. arvensis and Armoracia rusticana
produced shoots when transferred to NB medium. Because culture conditions were limited
in the present experiment, it is not always true that the browned calli have low potential for
growth. However, itis clear that the vigorously-growing calli could be taken as experimental
materials for tiss e culture. From these data, Sinapis turgida and Moricandia arvensis were
taken for the experiment of protoplast fusion. (Toriyama et al., in press).
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FIGURE 2 Clusters distributed on a plane defined by the first and second principal component axes
obtained by Takahata and Hinata (1980). (Adopted from Takahata and Hinata 1986)

Selection of a universal hybridizer in Sinapis turgida and regeneration of plantlets from
somatic hybrids with Brassica species

A double mutant cell line, which was unable to grow in a medium with NO, as the sole
niteogen source and was resistant to 5- methyltryptophan (SMT), was selected from cell
suspensions of Stnapis turgida by culturing the cell in AA medium supplemented with
chlorate and SMT. Protoplasts of this cell line were fused with mesophyl! protoplasts of
Brossica oleracea with dextran, and six somatic hybrids were selected initially by culture in
e NO, medium supplemented with SMT. The somatic hybrids produced embryoids,
fraves and plantlets on a regeneration medium. The hybrid characters were confirmed by in-
vest.gations of acid phosphatase and peroxidase isoenzymes, chromosome number, growth
on NO, medium, SMT resistance and capacity to regenerate plants. Somatic hybrids between
S.turgida and B. nigra were also obtained using this method. These results indicate that the
double-mutant cell line established here will be able to serve as a universal hybridizer to select
somatic hybrids after protoplast fusion with any other wild-type partner (Toriyama et al.
1987a).

Production of somatic hybrid plants, *Brassico-moricandia’, through protoplast fusion
between Moricandia arvensis and Brassica oleracea

Intergenetic plants were obtained through protoplast fuston between Brassica oleracea
and Moricandia arversis. Protoplast fusion was carried out by the dextran method using
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FIGURE 3 A dendrogram showing the chloroplast DNA divergence and fraction I protein large subunit
types. (F.LP.L.S.: Uchimiya and Wildman 1987) of eleven diploid species. (Adopted from
Yanagino et al. 1987)

protoplasts isolated fiony hypocotyls of red cabbage and from suspended cells of M, arvensis.
The fusion-treated protoplasts cultured in BS mediuin with high concentrations of 2,4-D and
6-BA produced abundant calii, and from them, 8 calli produced a number of hybrid plants,
The hybrid plants have come into tlower. All the regenerated plants exhibited combined
morphological characteristics of both parental species. Analysis of leaf isozymes for acid
phosphatase and aspartate amino-transferase also indicated € eir hybridity. Even though no
selection was performed for hybrid cells, all of the regenerated plants were hybrids. It is
thought that the somatic hybrids exhibited hybrid vigour and readily produced shoots. Two
somatic hybrid plants were also obtained between cauliflower and M. arvensis (Toriyama ct
al. 1987h).
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CHAPTER 29

Genetic differentiation and geographical distribution of barley
T. KONISHI

It is generally believed that cultivated barley originated from its wild progenitor, Hordeum
spontaneum C. Koch, in the *Fertile Crescent” of the Near East about 9000 years ago. By
securing a wide range of genetic variation by spontancous mutation and hybridization, barley
has spread and adapted since then to different regions of the world through natural and
artificial selections. Therefore, it is true that geographical regularity of gene distribution can
be observed in barley varieties grown under different climatic and ccological conditions.

Takahashi (1955) first demonstrated the following geographical regularity of gene
distribution mainly for morphological and physiological characters, using a large number of
cultivars collected from ditferent regions throughout the woild. The “normal® characters
which are generally common to the wild progenitors and genctically dominant, are very
prevalent everywhere in the world, while the numerous characters that have pre-ably been
generated under cultivation are found in more or less Hmited regions. From these results, it
is apparent that the genetic changes which took place in the barleys of the Oriental region are
quite different from those found in the barleys of the Occidental region.

The geographical distribution of several kinds of complementary genes for hybrid
abnormality are presented here,

Whendifferentdominant complementary genes are combined into ahybrid by atest cross.
the abnormal character appears in the hybrid, indicating that the test-crossed parent has the
counterpart of the complementary gene inthe tester stock. Although such an abnormal hybrid
must be climinated. either of the parents having one of the complementary genes is normal.
Therefore, vach of the complementary genes is thought to be “neutral’ to or indifferent to
natural and artifical selections. The genic changes of various isozymes can also be regarded
as newtral ones based on the definition. The territory of the neutral gene which has been
included intoa plantafter mutation or introgression becomes wider by spreading its progeny,
giving some useful information about geographical differentiation of barley.

Geographical distribution of complementary genes
NON-BRIVILE GENES

Asiswell-known, cultivated barley and its wild progenitor, H. spontaneum, have the same
eenome (n= 7y, and are true diploids with no barrier in hybridization between them. In the
process of evolution from wild to cultivated barley, the genic change from britdle to non-
brittic rachis after ripening is of the greatest importance. The rachis brittleness is governed
by two dominant complementary genes (Br and Bi,). And, if cither of the genes mutated to
he recessive, the plant then has non-brittle rachis. Takahashi (1955, 1963, 1987) has indicated
that all the cultivated barleys have cither of br Br, or Br b, genotype with only one exception
(b1 by, sinee both loci are tightly linked with cach other as the pseudo-alleles, and a doubly
recessive recombinant seidom oceurs,

The geograpaical distribution of these genotypes is not random in the world. The Br hr,
genotype (Type E) is mainly distributed in southern and central parts of Japan, Korea and
China, and highlands of Nepal (mostly occupied by naked barley ). while the other genotype,
b Br. (Type Wyis found in the remaining regions of the Old World, especially in low lands
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of Nepal (mainty grown covered barley), Turkey. Europe and Ethiopia, as shown in Table 1.
From the geographical distribution of both genotypes for non-brittle rachis. it is clear that the
Oriental barley is different from the Occidental one in the evolutionary process of cultivated
tform derived from the wild progenitor.

TABLE 1 Geographical distribution of two non-brittle rachis genotypes, BtBi bt bt (Type K) and btbt
BBt (Type W, in cultivated barley

Region Type £ Type W No. of
(Brbht,) (bt Bt ) varieties tested
Japan (Soutly) 88.9% 11% 99
Korea (South) 89.7 10.3 77
China (Propen) 98.5 1.5 69
Nepal (Highland, Naked) 100.0 0.0 74
Nepal (Lowland, Covered) 19.5 80.5 77
India & Pakistan 42.6 574 115
Scuthwest Asia 74.2 25.8 62
Furkey 14.9 85.1 222
Europe 25.5 74.5 267
Japan (North) 50.0 50.0 18
Korea (North) 62.5 37.5 32
China (North) 27.3 727 22

! Cited from Takahashi (1987).

HYBRID CLLOROSIS GENES

Among a large number of test crosses for non-brittle rachis genotypes, a conspicuous
phenomenon was found in F, hybrids between Hayakiso 2 (a tester stock for non-brittle
rachis, Bt bt,) and some Ethiopian strains including Addis Ababa 12, which was character-
ized by chlorosis and stunted growth. Takahashi and Hayashi (1987) showed that the hybrid
chlorosis is controlled by two dominant complementary genes, Ch-a and Ch-¢, which are
detected in Hayakiso 2 and Addis Ababa 12 respectively, and that their geographical
distribution is regular and clear-cut. As is apparent in Table 2. the Ch-a gene is found
abundantly in Asian regions. especially in Japan. Korea. China, Nepal.  Pakistan and
Afghanistan. On the other hand. the frequency of varieties having the Ch-a gene suddenly
dropped in India. Turkey. Europe (including USSR). North Africa and Ethiopia, and the
varicties with the recessive ¢fi-a gene are abundamt there.

As for the hybrid chlorosis, it is useful to examine the genotype in . spontancum,
independent of brittle rachis. More than 60% of the strains of 1. spontaneum have the
Ch-a gene. while the other strains possess the recessive allele, ¢hi-a, suggesting that the
genetic change from Ch-a 1o ¢h-a had already ocenrred in the wild progenitor by a spon-
tancously recessive mutation,

HYBRID WEAKNESS

One more growth repression in ' hybrid was first found in the cross between Turkey 193
and a linkage tester, Col-orange. and named “hybrid weakness'. The weak hybrid is char-
acterized by only afew spikes on the shorter stems with remarkable shrived. yellowish leaves
alter the boot stage, and casily distinguished from normal plants. This is shown (o be
controlled by two different complementary genes, Wek-a and Wek-r (Konishi 1985).

Atotal of 1176 cultivars originating from different parts of the Old World. together with
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TABLE 2 Geographical distribution of bybrid chlorosis genes and hybrid weakness genes in cultivated
and wild barleys,

Region Hybiid chlorosis® Hybrid weakness
No. of No. of
Ch-u ch-a vars. Wek-a wek-a vars.

tested tested

Cultivars

Japan 649% 36% (149) 98% 2% (93)
Korea 77 23 (145) 100 0 (1)
China 54 46 (129) 100 0 (82)
Nepal 77 23 (143) 86 14 (126)
India 15 65 (62) 76 24 90)
Pakistan & Afghanistan 62 38 47 79 21 (127)
Southwest Asia 30 70 Q7N 77 23 (87)
Turkey 3 97 (137) 16 84 (155)
Europe 4 96 (141 34 66 (135)
Ethiopia 0 100 (85) 4 96 (170)

Wild progenitor
(H. spontaneum) 62 38 (100) 72 28 (123)

* Cited from Takahashi (1987).

123 strains of /1. spontaneum, were crossed with each of the two tester stocks, Col-orange
and Turkey 193 with the gene Wek-aand Wex . respectively, and the occurrence of weakness
in the F hybrids was examined (Konishi 1987). Turkey 193 is the unique varicty having the
Wek-t gene. As shown on the right side of Table 2, the frequency of varietics having the
Wek-a gene is considerably different in geographical regions. That is. the varieties with the
Wek-a gene are abundant in Asian regions, especially in Japan, Koreaand China. On the other
hand, in the regions west of Turkey inclusive. the frequency of the Wek-a gene suddenly
drops. becoming almwst null in Ethiopia. Tiws. geographicat distribution of the Wek-a gene
is much similar 1o that of the Cli-a gene for hybrid chlorosis mestioned above. In £/,
spontanennt, 72% of the stiains have the Wek-a gene and the remaining 28% have the
recessive alfele wek-a. This result suggests that allelie differentiation at the Wek-a locus for
the hybrid weakness had already occurred before appearing in the cultivated barley.

Geographical distribution of esterase isozyme genotypes

Kahler and Allard (1981) demonstrated that patterns of geographical distribution of
alleles at tour loci for esterase isozymes are not at random: European and North American
collections are similar to cach other, but differ from Asian collections in allelic frequencies.
Stimulated by this finding, Thave done similar work ., using more than 3000 cultivars collected
from ditferent regions of the world. together with 157 strains of /1. spontaneum. However,
in the present study. geographical variation has been indicated as the frequency of genotype
which consisted of allelic combination at the three esterase isozyme loci, st Est,and Est,.
Beause. these loct are tightly linked with cach other on the long arm of chromosome 3
(Niclsen and Hejgaard 1985), and the data of genotypes is thought to otfer more detailed
information about geographical differentiation of barley.

Atotal of 30 genotypes for esterase isozymes are observed in the materials, and geogra-
phical distribution of 10 major genotypes (A to 1) is shown in Table 3. A large genetic
diversity for esterase isozyme genotypes is found in Southwest Asia, where cultivated barley
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TABLE 3 Geographical distribution of barley varieties with different esterase isozyme in the Old

World.

Region Type A B ¢ D I F G H [ I Others

kst Af Ca Ca Ca  Pr Al Pr Ca Ca Cu No. of

st,  — —  Un Un Fr Fr Fr Fr Fr Dr Vars.

Est,  Su Nz Su At At St Ar Su N: tested
Japan ++ o+ 4+t + + ++ t 732
Korea ++ + ++ + + + + + 462
China + o+ + + + + * + 178
Nepal + +  ++ % + + + + 364
India ++ 4+ + ++ + + + + 209
Pakistan t ++ 4+ + + + + 134
Afghanistan ++ 4+ + + ++ 4+ + + + 100
Southwest Asia + + * + ++ o+t + ++ + 100
Turkey + + + L S R N R & S 300
Lurope + * + + o+ 4 + 416
Ethiopia + 4+ + 228
Wild progenitor
(1. Spontaneum) + + + + + + + + + 4+ 157
t+ >10% . +: 1-9%. +: trace.

is generally believed to have originated. and 9 of 10 major genotypes (A to 1) are detected in
this region, together with other minor genotypes. On the other hand, the variation of
genotypes becomes smallerin the regions apart from there. In South Asian regions including
Nepal, India and Pakistan, only three major genotypes (D, E and Gy can be detected.
Compared with the regions mentioned above, East Asia (Japan, Koreaand Chinay is oceupicd
by somewhat different genotypes (A to D). While, cultivars of type Lin these regions are
thought to have been introduced from Europe. since they are distributed in northern parts of
ast Asia and have the same genotype or characters (eg. hr Br. for non-brittle rachis. short-
haired rachilla, resistance to Japanese mildew race 1) often found in Europe. Further to the
west four other genotypes (F to ) are frequently observed in Turkey and Europe that differ
from those in Asian regions. [tis noteworthy that Ethiopian cultivars have a large genctic
variation in visible characters, but the kinds of esterase isozyme genotypes are limited in only
two major types (F and G).

In /1. spontaneum mainly collected from Southwest Asia. there are 24 esterase isozyme
genotypes which are more than those of cultivated form there, suggesting that a farge genetic
variation in the wild species may have resulted from repeated hybridizations between the
species and between wild and cultivated barleys, since the species is a partial open-poltinated
plant. Further, anew allele, Sp, at £s7, locus is found which cannot be observed in cultivated
barley as yet. )

Consideration of geographical differentiation of barley

The results presented above revealed that East Asian varicties were much different from
those of Western regions of the Old World in their genetic constitution for several neutral
genes, as well as for morphological and physiological characters, mentioned by Takahashi
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(1935 Ttis eenerally belhieved that cultivated barley had origimated in Southwest Asiaon the
boundary between the two regions, and that cultivated barley has been established through
the difterentiation -hvbndization eyveles diarlan 19700 Thus, 1t is interesting to know the
venic combination or genotype of cultivirs for these neutral genes indifferent regions.

Table Dindicates the frequencies of cenotypes tor hy brid chloross and Tivbrid weakness
incach varictal group of B Broand br B genoty pes for non-brittle rachis of cultivated barley
i difterent regions of the OFd World, As o the trequencies of the genotypes for hybrid
chiorosis atis clear that most of the East Asian varieties have the B beoand Ch-a chi-a
cenotvpe osimply called broand Cli-agenotypers whinle the varieties in Western regions
including Turkey, BEurope and Ethiopia are mainly of the Arand ¢fi- genotype. In South and
Southwest Asian varieties, the genctic constitution is much different from those ol other
regions. Namelv, the varieties of by and ¢/-a genotvpe are abundant in Pakistan and Af-
chanistan sinnlar to East Asia, and those of both genotvpes, brand Ch-a,and brand Ch-a,
are frequent in Nepal. On the other hand. the hrand Ch-a genotype are often found in India,
and the bhroand cfi-a genotvpes are in W Asias A sinnlar situation s observed i the
relationsiip between genotypes for non-brittle rachis and hybrid weakness. Fast Asian
varicties are principally of the bz and Wed-« genotype.and those of Western regions are of
the other genotype zonstructed of b and wek-a genes. The complex genetic constitution is
alvo found in South and S.W. Asian varieties, as shown in Table 4. The results indicate that
East Asian varieties are characterized by the genic combinationof b, Cl-a and Wek-a, while
Western varieties have the other genotypes of be, ch-a and wek-a. suggesting that the three
alleles onditferent loci had been spread as asetto East Asia and Westernregions through the
dispersal of cultivated barley.

TABLE 4 Frequencies of varieties having for hybrid chlorosis (Ch-a and chi-a) and hybrid weakness
(Wek-a and wek-a) in relation to Bt b and bt B, genotypes for non-hrittie rachis in different
regions,

Region Bt B No. of Bt bt Bt No. of
vars., Vilrs.
Ch-a ch-a Ch-a ch-a tosted  Wek-o weh-a Wek-ao wek-a o tested

Fapan 65 24% R R4 t74) 86/ 04 12% 2G (93)
Korea o8 19 13 0 (84 83 0 1S 0 (1
China 62 20 7 11 (WK} 85 0 5 0 (11
Nepal 44 13 35 9 (126 51 2 RE} 12 (126)
India 15 7 52 20 (27) 18 2 58 21 (R9)
Pakistan &
Atghanmistan 56 19 6 19 (16 55 12 21 12 (13n
Southwest Asia 32 50 0 18 (22) 3i 13 45 11 (86)
lurkes 2 18 2 78 (RS) 1 22 15 62 (138)
Furope 5 2 | 72 (127) Y N 26 50 (139)
2 0 98 (1N 1 8 3 87 (87)

Frhropia 0

Bold higures indicate the major genotypets) i cach of the regions,

This becomes more clear from the relationship between the genotypes for non-brittle
rachis and esterase isozyme genotypes in cultivated barley, as shown in Table 5. Among
esterase isozyme genotypes, the five genotypes (A-E) are abundant in East and South Asian
regions, and most of the varicties with either of the genotypes have in common the Bt br,
genotype for non-brittle rachis. Meanwhile, the other four esterase isozyme genotypes (F-T)
are tound frequently in Turkey, Europe and Ethiopia, and their varieties have mainly the br
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Bi, genotype for non-brittle rachis, It has been made clear that the three esterase isozyme loci
(I:'.»\/,,. Estoand Fst )y are tightly linked with each others at the terminal of the long arm of chro-
mosomie 3 (Niclsen and Hejeaard 1985; Konishi and Matsuura 1987), while the two loci (ht
and br,) for non-brittle rachis are closely linked as the pseudo-alicles on the shortarm of the
same chromosome (Takahashi and Hayashi 1904, indicating that the two allelic blocks for
esterase 1sozvmes and non-brittle rachis are inherited independently. Nevertheless. combi-
nation of allelic blocks is not at random. as if these allelic blocks are linked with cach other.

TABLLE S Frequencies of varieties having Br b, and bt Bt, genotypes in different esterase isozyme

genotypes,

nterase isoryme AVB COD E F G 0T T Ome
genotype

st Af Ca Ca Cq Pr Al Pr Cu Cu ¢ u Total

Est, —  — Un Un Fr Fro Fr  Fr  Fr Dy vars.

Est, Su Nz Sy N- At At Su At Su N- tested
Non-brittle Bibt, 98% 97% 920 69 T6% 2% 28% 3G 19 7% 60% 812
rachis
senotype bibt, 2 3 8 324 18 72 69 81 93 40 769
No. of vars, 140 86 196 94 144 338 61 68 165 27 @2 1581

As barley is an obligated selt-fertilizing crop, a neutral gene once combined into a plant
through mutation or introgression has been moved by the spread of its progeny, without any
selection. Therefore, the geographical regularity of neutral gene distribution may suggest the
regional differentiation and the direction of transmission of cultivated barley originated from
tts wild progenitor. /1., spontaneum, in Southwest Asia, and offers valuable information about
collecting the genetic resources in barley. It is noticeable that these results are able to be
obtained only when the landraces. not improved varieties, are used as the materials. From the
viewpoints of phylogeny. geneties and breeding. landraces adapted v different regions
should be collected and preserved before genetic erosion oceurs,
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CHAPTER 30

Management of genetic resources information in Japan
SOV AMA

I s quite clear that a precise and well-prepared database is indispensable for the efficient
utilization of genetic resources., Here I will consider two aspects of management of genetic
information. One concerns the catalogues of germplasm conserved in the university that have
been published recently inJapan. The other is related to the management systems for genetic
resourees information,

Fam engaged in documentation of genetic stocks and experimental organisms preserved
in the universities and research institutes under the Ministry of Education, another adminis-
trative category distinet from the Ministry of Agriculture, Forestry and Fisheries. As Dr
Suzuki states elsewhere in this book, institutes belonging to MAFF preserve the plant
germplasmvery extensively, There is also an important collection of plant germplasm in the
universities and research institutes mentioned above. They have been accumulated during the
course of rescarch work by collection, findings in the materials used, or artificially created
mutants. cte. They are to be utilized as test materials for genetic and other biological research
work as well as for breeding.

Catalogues of germplasm

Recently two catalogues of important plant germplasm collections in the university have
been published.

In TU8 3, o catalogue of barley germplasm preserved in the Institute of Agricultural and
Biological Sciences, the University of Okayama was published. It was edited by Professor
R. Takahashi (1983, the world famous barley geneticist in that institute. Barley strains of
known origin were collected from various regions of the world for his studies on the
geographic distribution of barley varieties and their genetic differentiation. The catalogue
contains about 4 000 cultivars with descriptions of some agro-morphological, physiological,
pathclogical and genetic traits, accumulated during the course of research. In all 28 items
were listed. They include some interesting characters for consideration by research workers,
as well as plant breeders.

In 1984, o catalogue of Aegilops and Triticum germplasm preserved in the Plant
Germplasm Institute. the University of Kyoto was published. It was edited by Professor M.
Tanaka (1983). The catalogue listed about 2 400 strains over 24 Acgilops species, 4 400
stratns over 23 Trivicum spectes and 83 strains of artificially produced autopolyploids and
amphidiploids. It mainly consists of the collections made by Professor H. Kihara and his
students during botanical expeditions to Nepal, Pakistan, Afghanistan, Iran, Irag., Turkey,
Transcaucasus and the castern Mediterrancan countries, which were organized by Kyoto
University between 1955 and 1978, Description include geographical and topographical
information, such as the place of collection and the altitude of the collection site.

There is also a group of rice strains of marker genes which are mostly preserved in
Hokkaido University and Kyushu University. These strains will be used for linkage analysis
and other purposes. When the documentation and construction ot a database for these
materials were attempted by a group of geneticists, they faced the fact that standardization
ol gene symbols was urgently necessary. Thus geneticists concerned with this matter, formed
acommittee lurrice- genetic resources information and discussed the standardization of gene
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symbols of rice and prepared rules of nomenclatare. Later this activity was extended o the
international scale and at the end itevolved into the Rice Geneties Cooperative, established
by cooperation between the Japanese group and IRRI scientists in 1984,

The Rice Geneties Cooperative publishes the Rice Geneties Newsletter annually (Okaand
Khush 1986). 1t contains up-to-date information on rice geneties. For instance. in the third
and latest issue is the report from the Committee of Gene Symbols. Nomenclature and
Linkage Groups. Dr Kinoshita. the convenor, proposed the rules of nomenclature for rice
genes. Information on marker gene strains appear also in the Newsletter, The information on
marker gene strains, which contained mutant characteristics, locations and their reference is
being put into a computer database.

[nformation on batley germplasm at the University of Okayama has already been compu-
terized. although it is not yet available 1o research workers. Information o Aegilops and
Triticum germplasm of Kyoto University is also being processed into a database.

Management systems

I now move to the subject of management systems. Databases compiled so far have been
designed for comparatively large-scale computers as part of a system that can respond to
various requirements, such as access from any place by on-line inquiry or through an off-line
service. However, a personal-type of handy computer became very popular recently and is
widely used. Under these circumstances, itis desirable and of benefit to make a database fitted
toand capable of being handled on a personal computer. Such a database packed on a loppy
disk can be distributed on demand.

Databases may be stored onone or two floppy disks separated according to specific subject
matter and served with an adequate management system. For instance, the catilogues
mentioned earlier may be contained on such disks.

For the process of compilation, one may conveniently use commercially sold efficient
software. After compilation. the database may be converted into more compact form so as
o save memeory space and to attain faster operation when used.

Another useful type of database contains graphic information. It can be elfectively used
to illustrate genetic resources. Video and laser disk recording systems connected to a
computer will be conveniently used. However, at present, there is a difticulty in multiplica-
tion of such graphic information for distribution. 1 hope this will be solved in the near future.
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CHAPTER 31

Recalcitrant seeds: techniques for conservation
H 1 CHIN

Mostseedsin general remain viable for longer periods when they are dried and stored at low
lemperatures down to -196°C. Harrington (1972) expounded on two rules of thumb which
related the effects of seed moisture contene and storage temperature, Reduction in moisture
content and temperature increases lite span of seeds. Roberts (1973) clarified the situation
by introducing the terms “orthodos™ and “recalcitiani” o deseribe the stoage rehaviour of
seeds. He reterred 1o seeds obeying Harrington™s rule that is; seeds which can tolerate
desiccation and freezing temperatures as orthodox while many other seeds that are readily
Milled by desiceation if the moisture content falls below acritical value (12-3194) and cannot
tolerate freezing temperatures. these he classitied as recaleitrant, Recently Hanson (1984)
suggested amore accurate and deseriptive term to call orthodox seeds desiceation-tolerant
and recalettrant seeds as desiceation-sensitive.

Recalentrant or desiccation-sensitive seeds are very important to developing countries in
the tropies. They form the backbone of the primary industries, covering crops such as rubber,
covoa. fruits and many important tinber species. Yearly, millions of hectares of forests that
areextremely richand diverse in genetic resources have been lost. Forests have been unseru-
puleusty exploited by logging. deforestation for agricultural and urban development. There
I urgent need for genetic conservation, and various ways have been implemented to
overcome thisconstant threat. Today itisa well-known fact that little attention has been given
1o the problems of storage of seeds of tropical fruit tree species (Hanson 1984). There is an
abundance ol storage problems yet to be solved in tropical plantation crops (Chin 1978).
Williams (1984 in the book marking the tenth anniversary of IBPGR outlining the Jatest
strategy . stressed that one ol the strategies is that the work on clonal crops should be
aceeterited for major coops. At present, the conservation methods include both in siteand ex
s conservation by havioe forest reserves, botanical gardens and field genebanks.

Although conservation by seed germplasm bank is most cconomical. today even with the
advancementin seed science and technology. there is no way recalcitrant seeds can be stored
forfong-term conservation. This paper therefore summarizes the present existing techniques
tor the short-term storage of recalcitrant seeds and also discusses the possibility of long-term
preservation technigues. The storage of recaleitrant seeds in genebanks is physically and
ceonomically impractical. Hence other techniques such as eryogenic storage of excised
cmbryos will be utilized and emphasized here as a potential technique for long-term
conservition,

Characteristies and properties of recaleitrant seeds

Recaleitrant seeds are mainly large seeded. coming from trees under a moist ecological
forest-ty pe environment. They include many important tropical crops such as rubber, cocoa.
tropical fruits e.g. mango. durian and jackfruit and timber species belonging to Dipterocar-
paceae and Aravcariacede. The average weight and size far exceeds that of orthodox seeds.
I general they are heavier, with 1000 seed weight often exceeding 500 g (Chinetal. 1984).
i is hoth due to their high moisture content (ranging tfrom 30% to 70%:) and their large
secds.

Morphologically and anatomically recalcitrant seeds also show a wide range of variation.
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These huge seeds are generally spherical or oval in shape. Many of the tropical fruit species
have seeds covered with a fleshy or juicy arilloid structure or the fibrous drupes hive thick
endocarp and mesocarp which surround the true seed, some of them are indeed fruits in
structure. They are also variable in their basic structure. For example, rambutan (Nephelium
lappacenmy have the embryo axis attached at different locations between the unevenly-sized
cotyledons (Chin 1975). A number of specics display polyembryony e.g. mango (Mangifera
indica), mangosteen (Gareinia mangostana) and langsat (Lansium domesticum),

The critical properties inherent in recalcitrant seeds are their physiological storage
behaviour which forms the basis of classification. They are very sensitive to desiceation. For
example, cocoa seeds perish below 264 moisture content (Hor et al., 1984) and they cannot
tolerate low temperature (15°C). This temperature is considered high for orthodox seed
storage. The longevity of recaleitrant seeds is very short: it varies from a few days (o a few
months orayearunder proper storage conditions. The other important property of recalcitrant
seeds is the high moisture content even after they have been shed from the parent plant. They
donotundergo maturation drying unlike orthodox seeds. These large seedsare generally high
inmoisture content. ranging from 30% 10 70% . There is a great deal of variation in moisture
content between individual seeds with a high coefficient of varation of about 13 ascompared
to 2or 3 inorthodox seeds. In view of their large size, variability and high moisture content.
they are indeed hard to handle and are thus Tabelled as recalcitiant,

Identification of recalcitrant seeds

Recaleitrant seeds are generally large with short life span. The chief characteristics and
properties for the classification of recaleitrant seeds are based mainly on their sensitivity to
destecation and freezing wemperatures. Al these characteristics are typical but are not
diagnostic. Roberts etal, (1984) warned that the diagnosis of the recalcitrant condition is not
always straightforward. In the last decade there has been a number of cases in which seeds
have been wrongly classified as recaleitrant when in actual fact they are orthodox seeds. Good
examples are citris (Mumford and Grout 1979) and cassava (Ellis ot al. 198 ) which have
been formerly classified as recalcitrant bus proved to be orthodox. Correct diagnosis and
identification are of prime importance. The suezess or failure of seed storage depends on
correct identification as conservation methods for cach type are very different.

Inview of the uncertainty and difficulty in their identitication, IBPGR on the advice of the
Advisory Committee on Seed Storage in 1981 ordered thorough study to be made. The
Universiti Pertanian Malaysia undertakes this study using a screening technique involving
low drying temperature and humidity. This technique uses drying temperature around 20°C
and tow refative humidity with the help of desiceants (Chin ef al. 1984). The main objective
is todevelopamethod of desiceation ensuring that death is not caused by laulty drying athigh
temperature when seeds are moistor high in moisture content. Farrant et al. ( 1986) suggested
freshly harvested seeds should be sereened and recommended rapid drying because seeds
become increasingly sensitive to dessication on storage.

AL present a list of over 75 species from 29 families are provisionally classified as
recaleitrant (King and Roberts 1979y, But this again is subject to change and modification as
more recaleitrant species are found and identified while others may be reclassified as
orthodox. The list will undoubtedly grow longer as many species are yet to be confirmed for
which evidence is still lacking.

Storage techniques for recalcitrant seeds

Reports from the past half century revealed that recalcitrant seeds can only be stored for
short periods of afew months to a year. Although long-term storage is presently not possible,
any improvement of short-term storage will e appreciated as improvements in these con-
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ventional methods are valuable in casing the problems of field collection and transportation
to genehanks, Besides, short-term storage is also importent for the storage of carry-over sceds
for the nextseason’s sale or planting. A good example v n the expedition to Brazil in 1876
tocollect/fevea seeds in which 4% of the seeds were viable onarrival in Kew Gardens. From
the fatest expedition in 1981, Ong et al. (1983) reported greater success with over 63%:
germination of rubber seeds on arrival in Malaysia,

At present the suceesstul short-term storage methods are limited to moist or imbibed
storage. partial drying method and controlled atmosphere technique. The use of the con-
ventional dry-storage method as for the orthodox seeds is not suitable for application to
recalcitrant seeds. Roberts et ale (1984) is of the opinion that it is unlikely that the
conventional methods of short-term storage of recaleitrant seeds be used as a method of
eermplasm conservation. The most promising method according 1o Roberts et al. (1984) is
starage in iguid nitrogen, but so far there has been no success with truly recaleitrant seeds
and the technical problems are formidable. Research work on eryogenic storage of recalci-
trant seeds withanumber of species proved to be a failure basically due to their exceedingly
large size. Presently work is focused on using the excised embryonic axes which are very
sniall and practical 1o store eryogenically and subsequently cultured aseptically in agar
medium. This rechnique has great potential and has had to date some degree of success.
Hopetully in the not too distant future. eyrogenic storage of excised embryos will become a
praciical method of germplasm conservation.,

Moist or imbibed storage

Asrecalettrant seeds are desiceation-sensitive, it is necessary to store them in moist media
oreven submerged in water. Moist storage has been in practice for many years, for a number
ol crops: rabber (Ang 1977), rambutan (Chin 1975) and cocoa (Evans 1953). The storage
mediaare damp charcoal or sawdust or a mixture of both. Moist sand has also been used. The
storage temperature ranges from 4°C 1o 20°C depending on species. With the moist storage
technigue viability can be maintained for about 3 months. The most extreme moist storage
is by storage of seeds under water. Wild rice (Zizania aquatica) stored in water gave 86%
germinationafter Hmonths (Brown and Scofield 1903). Jones (1958) reported oak (Quercus
robury remained viable when stored in water. Ong and Lauw (1963) kept /evea seeds under
water: after one month storage. the percentage germination was above 60% . Similarly King
and Roberts (1982) stored cocoa seeds using the imbibed storage technique.

Imbibed or moiststorage which is short-term in nature has not been very successful mainly
because of the various problems encountered in using this technique. The major problems are
micro-organisms and germination during storage. Attempts have been made to overcome
these problems ie. prevent germination and control fungal growth during storage. The
natural germination inhibitors in fruit juice have been generally unsuccesstul for cocoa (Pyke
ctall 1934 and rambutan (Chin 1975). The osmotic inhibitory influence of these natural
inhihitors on seed storage has been unsuccesstul (King and Roberts 1979). Artificial
chemical inhibitors have been used such as sucrose, polyethylene glycol (King and Roberts
1979, sodium chloride (Mayer and Poljakoft-Mayber 1975) and abscissic acid (Ohkuma et
al. 1963,

Partial dehydration technique

Moistor imbibed storage techniques have their limitations. Hence other methods such as
partial dehydration of seeds has been tried experimentally. Based on the fact that recalcitrant
seeds can be dried 1o a certain critical value of moisture content, but still relatively high
compared to orthodox sceds, a new method has thus been improvised in our laboratory; this
is the partial dehydration method. The process involves partial drying by air at low
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temperature (20°C). Rubber seeds are processed, cleaned and treated with fungicide and
subsequently surface dried to a moisture content of just above 20% before storage.

Hor (1984) in his method of cocoa seed storage. processed the seeds and reduced the
moisture content to 33% 1o 35% by drying them in an air-conditioned room (22°C and 554
RHD. After partial or surface drying. the seeds are then dusted with 0.2% w/w of an equal
benlate-turam mixture and packed in groups of 500 seeds in a thin (0.15 mm) perforated
polythene bag (20« 30.cm). The bags are stored in a loosely closed box in an air-conditioped
room. Under these conditions they maintain a germination percentage of over 50% up to 24
weeks. This is an improvement over the imbibed methods where seeds can only be stored for
1012 weeks.

For rubber this method has been fairly successtul in prolonging the storage life of rubber
seeds from the normal 3 months in moist storage o a year. Freshly collected rubber seeds are
cleaned and soaked in 0.3¢% benlate and then they are drained and surface air dried. Seeds are
stored in perforated polythene bags at ambient temperature (25° + 3°C). Viability of over
S0 was achieved after a year ol storage.

Controlled atmosphere storage

This method of storage involving the storage of seeds in various gases or in scaled
containers has had little suceess. Seeds of cocoa while still in the pods are stored by waxing
the whole ped (Pyke 1934, Durian seeds which are surface sterilized and then stored in sealed
containers remained viable only for about 32 days (Soepadmo and Eow 1976). A timber
species Shorea talura sealed in inflated polythene bag plus fungicide lasted for 6 months
(Sasaki 1970). Scaled carbon dioxide atmosphere has been used also for cocoa seeds with
slightimprovement of up o 45 days (Villa 1962), similarly with rubber seeds when stored
mcontrolled atmosphere of carbon dioxide (Ong and Lauw 1963). From the above examples,
itisunlikely that this method has any practical application in the storage of recaleitrant seeds.

Cryogenic storage

Forseeds to survive in storage at very low temperatures, they should be dried prior to
freezing (Becquerel 1925: Lipman and Lewis 1934: Fedosenko 1974: Sakai and Nishiro
1975). Atlow-moisture contents there will be no injury even at -196°C (Stanwood and Bass
L978). According o Roberts ¢t al. (1984) the most promising method of germplasm
conservation for recalcitrant species is storage in liquid nitrogen. To date there has been no
stiecess instoring truly recalcitrant seeds as the technical problems are formidable. Attempts
made i our laboratory for storing these very large seeded species have failed: their sheer
physical size does not permit the use of this technique. An alternative method is required for
vegetatively propagated plants and species with recalcitrant seeds. Withers (1980) and Bajyj
(1985) suggested that in such cases where seeds are short- lived., germplasm could possibly
be conserved through eryopreservation of excised embryos or their segments. 1t has been
reported thatmaterials dehydrated by drying inanoven (Sun 1938y or under vacuum (Withers
1979)exhibitremarkable resistance to eryogenic damage. Groutetal. (1983 ) have shown that
embryos of oil palm (£ lacis guineensisy seeds which were formerly classitied as recalcitrant
can be successtul eyropreserved after desiceation,

Even some orthodoy seeds exhibit a higher threshold of moisture content that can
withstand freezing temperature i.e. higher. high moisture freezing limit (HMEL). HHMEL is
the seed moisture threshold that will result in a decrease in viability of a seed sample during
cooling in liquid nitrogen. Stanwood (1983) listed a range from the low 9.6% for sesame 10
ahigh 28.5% forbean. This shows the possibility that some embryos of recalcitrant seeds can
be dried to below their HMEL and subsequently cooled and stored in liquid nitrogen. Grout
(1979) has used low-temperature storage of imbibed tomato seeds as a model for recalcitrant
seed storage.,
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In 1986 IBPGR funded 4 project on dehydration and preservation technigues of recalei-
trant seeds at Universiti Pertanian Malaysia. Preliminary studies are concerned with the
sereening of recaleitrant seeds and embryos for their sensitivity to liquid nitrogen. Initially
seeds and embryos were dried to various levels of moisture content, then they were cooled
at difterent rates or plunged direetly into liquid nitrogen. With this technique of partial
destecation ol Hevea embryos o around the eritical vadue of 15209 (Chin et al. 1981),
Nornwah et al. (19861 in our laboratory found that a moisture content between 14-20%
tdesiceation for 225 hours). 20-694 of the embryos survived eryopreservation for 24 hours
and formed seedhngs with normal roots and shoots when cultured in vitro. This is the first
time atruly recaleitrant species has survived liquid nitrogen.

Those species which did notsurvive without eryoprotection were subsequently tested with
treatment ol single or combination of eryprotectants such as glyceroi. DMSO and L-proline
and various enriched media. To date embryos o a few species Artocarpus heterophylius,
Nepheliung lappacenm. Cocos nucifera and Dirvobalanops aromatica, have survived from
cryopreservation and on culturing in enriched media showed signs of growth i.c. callus,
shootsandroots (Chin etal, TOSS). Howeverthese technigues have to be refined and they may
differ from species to species,

A nwmber ol problems are encountered in our work such as browning of tissues in excised
cmbryos with the release of phenolic compunds. In spite of all the problems. in vitro culture
of embryosalierstorage in liquid nitrogen will be a potential technique for long-term genetic
conservation, The IBPGR Advisory Commiitice on in vitrro storage has discussed the
advantages and disadvantages of using this technique in germplasm conservation. Today
vith the rapid advances intissue culture, biotechnotogy and cryobiology. Tam confident and
optinistie that inthe near future. this technique will be used inthe conservation of germplasm
for aur future generation,
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CHAPTER 32

[L.ow temperature conservation system for crop germplasm
resources in China

HANG CHAO-YL

After the establishment of the People’s Republic of China the Ministry of Agriculture and
related leading departments organized several targe-scale nationwide collections and supple-
mentary collections of crop germplasm resources. In 1959, about 50 species of field crops
withnearly 200 000 accessions (including some duplicates). were collected. However, some
of these coltections were lost during the “Cultural Revolution™, In 1979 a nationwide
supplementary collectionwas aganmade from which around 60 species of crops with nearly
100 000 accessions tincluding some duplicatesy were collected. In recent years, investiga-
nons of crop germplasni in Yunnan Provinee and Tibet Autonomous region have been made
stceesstully. The imvestigations foreertin single crops such as wild soyvabeans, wild Chinese
cooseberry and fodder vegetables have also been organized. from which a collection of
0000 accessions of seed specimen his been achieved. I a deduction for duplicates and
losses s made. the total number of accessions still reaches 300 000 which ranks China as one
of the richest countries of germplasn resources in the world.

The tasks the 2overnment entrusts to the Institute of Crop Germplasm Resources (ICGR),
Chinese Academy of Agricultural Sciences (CAAS) wie responsibilities for: 1) long-term
preseryation of crop germplasm resources: i unitied management of crop germplasm i.e.
introduction from abroad and international seed exchange: and ni) coordination of nation-
wide collection, preservation and evaluation oi germplasm resources. Under the leadership
of the state Science and Technology Commission and the Ministry of Agriculture, Animal
Husbandry and Fishery (MAAHIE) through planning. coordination and organization works,
the conservation system forerop germplasm with duplicated accessions at two levels suitable
to China has been established. ie. a combination of national long-term preservation and
regional for professionaly medium-term storage has been put into effect. In this system two
copies of anaccession are preserved in two different places to prevent unexpected losses.
Meanwhile reduction in the number of duplicates among preservation units takes place
according to g scheme of cconomic and proper conservation,

Storage at ICGR
Long-term storage of various crop germplasmof the whole country is performed by ICGR,
CAAS in Beijing, The germplasmis preserved here as a base collection not for distribution,
white short-term and medum-term: storage of duplicates takes place for distribution,
international exchange. evaluation and identification.
. There are two national genebanks in [ICGR, CAAS.
Goene Bank Noo | —"This genebank. builtin 1985 has a 111 m* cold room at a temperature
ol 0 CoThe moisture content of standardized seed samiples is reduced to 6-7% in a
heating cabinet at not more than 407°C inadehumidified room. Airtight cans are used for
the storage of dried seed. Fixed metal shelves with drawer-like containers allow 50 000
cans 1o he accommodated. This genebank has also built-up seed processing facilities for
sced receiving, examining. listing. cleaning. germination testing, drying and packing. Up
(o 13 Augast FO87.39 499 accessions have been preserved in this genebak since the first
acceptance of seed 1in T98S, Accessions are as follows:
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Wheat 4064 Brocemicorn millet 1 500
Rice 7584 Edible bean 2767
Com 4 088 Rapesced 222
Barley 1723 Peanu 719
Sorghum 5203 Wild soyaiean 2597
Milet 3642 Cultivated sovabean 5282

Generally, cach accession is put into three cans. which contain a sum of 10 000 arains for
those below 5 arams per 1000 such as millet. sesame and rapeseed ete: 6 000 for those with

20100 9/1 000, such as wheat. rice and sorghum.ete: 2 300 for those with <00 2/1 000,
suchas soyabean. peaand small red bean. ofe: and 1000 grains for those ing 1 g each.

such as broad bean and kidney bean, ete.

Gene Bank No. 2 - This genebank., partially financed by the Rocketeller Foundation for
the construction. has twao big cold rooms of 150 i cach. in which the temperature is - 18°C
and refative humidity 504 with mobile metal seed shelves. The two rooms can accomno-
date atotal of 400 000 accessions. with 200 000 accessions in cach room. Besides., there are
toursmaller rooms (68 m° in total) in which the temperature and relative hamidity parameters
can be adjusted for the research work. The butlt-in seed processing facihties have been
avatlable sinee August 1987, For saving on energy the processed seed at presentstill goes 1o
Giene Bank No. Tuntil it capacity is full. Then one of the big rooms in Gene Bank No. 2 will
he turned onand the whole storage in Gene Bank No. 1 will be transterred (o it Giene Bank
No. 2 hears the task of long-term storage of 200 000 accessions in the period of the seventh
“Sevear plan” Itwillalso hold some mternational crop germplasm, On 25 March, 1987, The
MAANHE consented 1o the request of the Toternational Bourd for Plant Genetic resourees
HBPGR) for basic collections of w heats from Last Asia and worldwide collections of
radishes and brassicas to be preserved in Gene Bank No., 2.

2 1CGR has a medium-term storage of 214 m”at 0°C. Fixed metal seed shelves are used 1o

accommodate 100 000 accessions. Ts main purpose is for distributing and exchanging

aermplasim with domestic institutions and forcign countries,

ICGR has ashort-term sorage rooms without an air-conditioner. with an average annual

temperature ranging from 13.6 C1o 15.3°C. In summer the highest daily temperature can

rise 1o 25, 1-30 C. Under such conditions, wheat seed can be preserved safely for 6 years
or so. The seed stored here is 1o he used for identification.

A ICGR has its o computerized database for the management of data from preservation,
identitication and evaluation,

Theseed thatis o be put into the long-term storage must be listed in the national catalogue,
characterized inseveral aspects such as quality.tolerance 1o stress, ete. The seeds rejuvenated
marious regions must be sent together with theirdocumentation to the National Gene Bank.
The data are then stored in computer for retrieval,

3o Adield genebank and specific storages have been built for perennials and vegetatively
propagated crops. respectively. Under the leadership of the MAAHF and with the Coor-
dination among regions. about 10 national stock plots for fruit trees and perennials have
been built up. Preservation of potato and sweel potato seedlings in test tubes has been
conducted in TCGR withan active jn viro genebank completed. in which seedlings of 300
aceessions of sweet potato and 80 aceessions of potato have been preserved up to now.,

0. Wildrelatives can be preserved either through field genebanks or natural protection zones,
[CGR in coliaboration with other related units has established germplasm stock plots at
two sites for the preservation of wild rices and wild peanuts. In places where rich wild
germplasm oceurs. in sitn reserves will be established.

7. The study of germplasm under super-low temperature storage in liquid nitrogen has been

-
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started i [CGROwhich may serve as a means of preserving certain specific germplasm

FESOUTCES.

Other storage Facilities
Many ofthe professional institutes, such as the Institute of Cotton, CAAS. Institute of Ojl

Crapand Institute of Vegetable Crops, have established medium-term storages responsible

tor preseny ation of certain domestic and foreien germplasm. The Academics of Agricultural

Scienees inprovinees, cities and autonomous regions have established  medium-term

storages for preservation of germplasm material owned by themselves, Butitis not alw HISN

sos I order to save energy and avoid excess duplications, some regional academics of
agricultural sciences. instead of setiing up their own medium-term storages, entrust the
professional institutes in CAAS 1o preserve germplasm material for the medivm-term range,

Basedonthis condition. with properadjusimentand replenishment. anationwide netw ork for

combination of medium-term storages with experimental bases of crop germplasm rescarch

work.is tahimg shape in the main ecological environments, which. besides medium-term
storage of germplasm, carries out the test planting. characterization and evaluation of
mtroduced toreign germplasm and works of propagation and rejuvenation for National Gene
Bank. Up to now. medium-term storages that have been burt everywhere are as follows:
Lo Medinm-termestorage of 71 m”at 0°C located in Heilongjiang Academy ol Agricultural
Sciences, Harbin,
Medinme-term storage with two rooms, of which one is of 57 m* at temperature 0 C and
ather 25 m™ar -10 C located in Institute of Vegetable Crops. Beijing Academy of
Agricultural Sciences.

- Medium-term storage with two cold rooms of 45 m® cach at -5°C, located in Hebei
Academiy of Agricultural Sciences.,

4 Medium-term storage with two rooms, of which one is of 80 m* at 0°C and the other 20

m-at -0 Clocated in Shanxi Academy of Agricultural Sciences, Taiyuan.

Mediam-term storage with two cold rooms of 66 m? cach at S=10°C, located in the Institute

of Cotton, CAAS, Anyang, Henan provinee.

0. Nedimm-term storage of 30 m™ at 0°C. in which fixed seed shelves are adopted with a
capacity of 1500 accessions. located in Hubei Academy of Agricultural Sciences,
Wuhan.

7. Medium-term storage with two rooms. of which one is of 98 m* at 0°C and relative
humidity 30¢ and the other 28 m* at -10°C and 30% humidity, located in Guangxi
Academy Agricultural Sciences, Nanning,

8. Medium-term storage of 6 rooms with a total of 694 m?, using natural arid and cold
conditions (without air conditioner) located in Qinghai Academy of Agricultural
Sciences, Xining. The storage can accommodate 280 000 accessions at an annual average
temperature of 8.8°Cand relative humidity 68.6% in the room. The germination rate of
rice seed reduced from 100% 10 95% after 4 years of preservation in paper bags and the
germination rate of barley seed dropped 10 86.0% .

Besides these. the institute of Application of Atomic Energy in Agriculture, CAAS. and
the Institute of Tobacco, CAAS have their own storages.Guangdong Provinee and Xinjiang
Autonomous region are planning to build their own gencbanks.

Fosumup. low-temperature conservation systems for crop germplasm in China has Just
bepuntotake shape and certainly needs to be improved. [CGR is now facing muchmore work
on coordination. both in scope and depth. with domestic and international institutions. We
are ready 1o cooperate with any related departments and institutions in the world, and we
firmly believe that through various ways of global cooperation. the work of conservation.
characterization and evaluation ol crop germplasm will be improved and advanced.

S
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Results and recommendations for action
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CHAPTER 33

The first IBPGR symposium on the Far East and the Pacific

DH VAN SLOTEN

Following the IBPGR proposal in 1977, and several planning mectings in Japan in 1978 and
1979, it was agreed that IBPGR would sponsor a *symposium on the Genetic Resouces of the
Far Eastand the Pacific’, 21-24 October 1980, with support from the Government of Japan.
The symposium was convened in Tsukuba, and participants included scientists from Japan,
China and Korea, the Pacific island countries and countries bordering on the Pacific such as
Australia, Canada and USA.

A summary report of the symposium was published by the IBPGR in April 198] (IBPGR,
FOR ). while the Tull papers presented were assembled in a book which was also published
1 TYST (Williams and Creech 1981).

Major recommendations of 1980 symposium

Onc of the major recommendations related to the recognition of two regions, the East Asian
and the Pactfic. The East Asian region comprised China, Japan, Korea and other countries
of the region that wished to join. The Pacific region comprised the countries represented at
the TOR0 Symposium (Fiji, Solomon Islands, Western Samoa. Vanuatu, Tuvalu., Guam) and
other countries encompassed by the South Pacific Commission (SPC) that wished to join,

Although not wishing to see regions of the world as isolated units, IBPGR recognized the
uscfulness of this subdivision for purpose of collaborative programs. It recognizes that the
ahove tworegionsare closely linked with each otheras well as with South and Southeast Asia.

CONSERVATION

In reviewing the storage facilities available in 1980 in East Asia, the delegates of the
symposium recommended the development of a plan for upgrading and expansion. This is
described by Dr Tao in Chapter 35.

EXPLORATION

The 1980 Symposium prepared a long listing of crops (and forages) with priority for
exploration both within (indigenous resources) the East Asia Region and outside this Region
(plant introduction requirements). A new list has been prepared and is reported in the
recommendations on page 275.

WORKING GROUPS AND EXPERT CROP COMMITTEES

Recommendations were made in 1980 for the formation of small working groups and/or
expert commitiees to:

(i) facilitate the exchange of genetic material between the participating countries;

(i) develop specific proposals for each priority crop (exploration, conservation, training);
(1ii) finalize a timetable for specific plans for action.

These recommendations were not implemented, in part because of lack of resources, but
largely because global advisory committees and working groups of IBPGR were addressing
similar questions.
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TRAINING

The need for training has been recognized from the start by IBPGR and a large number of
scientists from East Asia have attended IBPGR courses, including one course in Beijing
which was entirely in the Chinese language. In addition, the yearly course on genetic
resources offered by JICA (Japan International Cooperation Agency) has been and still is an
excellent course for scientists from East Asia and neighbouring regions.
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CHAPTER 34

Perspectives of collaborative programs for germplasm collecting

MUNEO ITZUKA

Collection and conservation programs for plant genetic resources by IBPGR should be
supported fully by goodwill and the cooperation of countries, organizations, individuals and
others which adhere to the IBPGR philosophy. On the way to achieving this purpose,
however, many problems surface during the process of determining the specific crops and
their close wild relatives, and of specifying collecting sites for investigation. Problems also
existinconservation of materials evenif collection was successfut, and enormous efforts and
close communication are necessary between the conservation centre in the region and
IBPGR, to solve these problems,

Recently, with the help of the special project fund presented by the Japanese government
1o IBPGR, surveying missions of plant genetic resources were conducted twice tocach region
of Nepal (1984 and 1985) and Papua New Guinea (1986 and 1987). The purposes were a
multicrops collection mission in Nepal, and for banana, taro, yam, sweet potato and
indigenous vegetables in Papua New Guinea. [ participated as a mission leader in all four
missions, and here, with the experiences obtained in these missions, 1 would like to present
some of my opinions on the collecting and conservation programs of IBPGR which are
supported by international cooperation, and to suggest some future perspectives.

All responsibilities for the contents of this report belong to myself, and I would like to
apologize for any erroneous matter due to my misunderstanding and ignorance.

Survey and collecting missions for plant genetic resources should be conducted as IBPGR
recommends, and success of the missions will largely depend upon the following factors.

Cooperation with the host country

Cooperation should be sought in the country in which collections are to be made. This
includes determination of surveying region and permission for the mission; assistance to and
participation in the mission: and special permission to collect in areas designated as *no for-
eigners’: a) collecting by native personnel, b) special permits, ¢) others.

Funds

The budget should be finalized as early as possible; it should be determined a year before
the mission with more than a 90% probability. This is especially important when the mission
is planned in remote regions, because knowledge of the budget in the carly stage may allow
us to make better use of limited money in reservations for transportation, accommodation and
other matters that are very critical in these regions.

When we wanted to use an UNDP aeroplane in Nepal. it was necessary to apply forita year
inadvance. Italso required 3 to4 months before we could use aeroplanes and accommodation
facilities of the mission i Papua New Guinea.

Survey missions to rensote regions with an exceedingly reduced budget might not only face
dangers during the mission, but also create a situation in which the plan itself might need to
be reduced due 1o inflexibility,
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Mission structure

Missions are best composed of personnel of different nationalitics. Participation of
members native to the collection region is essential, and it may determine the success of the
mission.

The academic expertise of members should include geneties—plant breeding, plant patho-
logy-applied entomology. cropping systems, plant classitication. and other related fields.
During the mission, members must trust cach other and cooperate on every occasion,

Missions with different purpeses should sometimes move separately. Joint surveys might
reduce efficiency on both sides. For example, amission surveying specific wild species may
require investigations in arcas different from those for primitive or indigenous cultivars.

Muterials and foods

Some of the materials and foods taken on the survey may sometimes be wasted, but it is
still desirable to obtain all necessary goods beforehand. This is particularly important when
the mission is conducted in remote regions, as they can be used in exchange for precious seeds
tas food or as true seeds and potatoes) as well as for our own food.

Insurance

IBPGR should insure the security of members in the mission. The exact period of the
mission and the names of some members who will join in the collection site may sometimes
be unknown beforehand. It is thus a common practice at present for members themselves to
insure their own security, IBPGR must consider this problem and guarantee their seeurity in
the preliminary project report.

Regeneration

When collecting true seeds in remote regions, itis almost impossible to obtain theoretically
cnough seeds to cover and keep all genetic variabilities which the cultivar has possessed.
Therefore, propagation is an important part of the project for long-term conservation, and the
costof this should be included in the budget.

Conservation

Taro and yam are important food crops throughout the countries of East Asia, Southern
Asia and Pacific Islands. Construction of a long-term conservation centre for these crops or
alternatively appointment of a certain organization for this purpose is strongly recommended.
In these countries, main food sources are gradually moving to grain crops and genetic erosion
of taro and yam is progressing.

Manpower

Many countries in Eastand Southern Asia and the Pacific Islands have ashortage of people
who are able to handle problems of plant genetic resources, and thus, insufficient effort has
been made to improve the sitwation. IBPGR should provide expanded long-term training
sessions in addition to short-to-medium sessions, and East Asian countries should cooperate
and support these activities,

Future perspectives
[tis good to know that many East Asian countries have contributed as donors to activities
of IBPGR. Japan started supporttoIBPGR in 1979 as 4 donor country, and since then the main
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actvity has concentrated on continuous support of collection and conservation of plant
genetic resources in East and Southern Asia ¢ nd the Pacific Istands. Fortunately, surveys in
Southest Asia are progressing well, although many problems still exist. On the other hand.,
those in the Pacific Islands are far behind and need stronger future support.

Conclusions

[t1s suggested that future investigation and collecting of plant genetic resources should be
advanced in East Asia and neighbouring regions of the Pacific Islands and Southeast Asia,
and that enormous efforts and friendship of many countries including those in these regions
are needed 1o achieve this purpose. In regard to preservation of these resources, especially
taro and yam which are the main food resources in the regions, the establishment of a long-
term conservation centre and education of supporting manpower are immediate needs. For
that. the active support of East Asian countries is indispensable.



CHAPTER 35

Assessment of physical facilities for genetic resources
in East Asia

KAR-LING TAO

During the last decade, IBPGR has developed a global network of base collections to
safeguard the genetic resources of various crops. East Asia is obviously a very important link
in the global network.

Inorderto facilitate long-term seed storage for germplasm conservation, a genebank must
be well managed and must have proper physical facilities for seed drying, storage and testing.
Inthis chapter we examine current long-term storage facilities in the region and provide some
suggestions for tuture genebank construction.

Current situation of long-term storage facilities in the region

The East Asia region includes five countries, namely China, Japan, Peoples’ Democratic
Republic of Korea, Republic of Korea and Mongolia. According to the authors' knowledge,
there is no long-term seed storage tacility for germplasm conservation in either the Peoples’
Democratic Republic of Korea or Mongolia at this moment, although a joint collecting
mission between the German Democratic Republic and the People’s Democratic Republic
of Korea was carried out last year. The long-term seed storage facilities in the other three
countries are discussed below,

CriNna

In the carly cighties, most provincial Academies of Agricultural Sciences (AAS) in China
planned to build their own seed storage facilities for long-term conservation. However, it
(uickly became apparent that it was not economically feasible to have one or more long-term
storage facility in each province. Scientists from the headquarters of the Chinese Academy
of Agricultural Sciences (CAAS) and IBPGR successfully convinced most of the provincial
AAS 1o establish medium-term storage facilitics rather than long-term storage ones. At
present.atleast two long-term storage facilities at the provinciel AAS have been completed,
namely the genebank at Guangxi AAS. Nanning, Guangxi and the genebank at the Beijing
Vegetable Research Center, Beijing. In these two genebanks, seeds were initially stored in
paper bags at -10°C and 30% relative humidity (RH). However, due to the difficulty in
maintaining RH at 30%. IBPGR provided aluminized bags and a bag sealer to these two
genebanks in order that the seeds could be stored in sealed laminated aluminium bags.

The genebank at the Crop Germplasm Research Institute, CAAS, Beijing will serve as a
primary National long-term store for the whole country. The first long-term storage room,
P inarea, was built by the Chinese Government. The walls of the storage room
are about 2 feet thick with 5 layers of cork insulation sealed with aluminium. The storage
conditions are -10°C and 30% RH. Recently, the construction of the new Clinese National
Germplasm Center (CNGC) was completed at CAAS, Beijing. There are 4 small regulated
(temperature adjustable) rooms and two large long-term storage rooms. These long-term
storage rooms have a storage capacity of 400 000 accessions. This is presently the world’s
largest genebank in terms of storage capacity. Seed will be stored in sealed cans at - 10°C. The
RH in the store room could. if necessary, be reduced 1o 30% RH, however the RH will not
be controlled in the storage room since the seeds will be hermetically sealed. This genebank
was expected to be in full operation by August 1987,
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Prior to the construction of the new National Germplasm Center, many provincial
genebanks sent their collections to Qinghai AAS for storage. Here, germplasm is stored in
natural environments without refrigeration and RH control. The storage conditions here are
presented in Table 1. Although there has been no obvious decrease in faba bean and pea
collectionsafter 1Sand 11 year storage respectively. the establishment of the new CNGC wil]
greatly strengthen the storage facility for base collections in China. Furthermore, the BVRC
has obtained funding from Japan to reconstruct its storage facility and sced testing laboratory.

In Taiwan, China, there are presently no governmental storage facilities for germplasm
conservation. However, the government recently has decided to establish a genetic resource
centre for germplasm conservation and utilization. Several million US dollars have been
allocated for this purpose.

TABLE 1 Natural storage of germplasi: w1 Qinghai Academy of Agricultural Sciences,

Location: Xining, Qinghai, China (37°N, 102°E)
Natural environment: Elevation 2295 m; rain 43 em/yr

Average temperature: Inside 9.7°C: Outside 12.5°C; Range 0-21°C
Container: Sealed tin trunk

Result: Faba bean, no obvious decrease after 15 years

Pea,no obvious decrease after 11 years

RepuBLIC oF KOREA

The main genebank in the Republic of Korea is located at the Rural Development Adminis-
tration (RDA), Suwon, which is not far from Seoul. This genebank has been described in
detail inarecent article by Ahn (1987). The genebank is supervised by the Seed Management
Division (SMD) — one of four research divisions of the RDA. SMD plays a leading role in
the management of crop germplasmi in South Korea. Facilities for seed storage at SMD
include one long-term storage room (34 m?, - 10°£1°C, 30-35% RH), one seed laboratory
(143 m?)yand one machinery room (100 m?). Seeds are stored in vacuumized aluminium cans.
Inorderto reduce volume per sample, laminated aluminium bags have been recently used for
long-term storage.

RDA plans to centralize the preservation of crop genetic resources which are now
maintained in college and private seed companies. A new seed storage facility (140 m?), with
about five times the present seed store capacity, is presently under construction in SMD, RDA
at Suwon. In addition to the SMD genebank, seed collections of various crops are stored at
different experiment stations of RDA (Table 2). It appears that the storage conditions in the
experimental stations are not as good as those at the RDA genebank, Upon completion of the
new seed store, collections currently held at different experiment stations will be centralized
and stored under better conditions.

Japan

In Japan, accessions of seed-propagated crops are maintained by four kinds of agencies:
Ministry of Agriculturz, Forestry and Fisheries (MAFF), Ministry of Education, local
governments and some private companies (Kawakami and Fujii 1981). MAFF formally
coordinates crop-genetic resources activities. The Germplasm Storage Center is located in
the National Institute of Agrobiological Resources (NIAR), Tsukuba, Ibaraki. NIAR was
formerly called NIAS (National Institute of Agricultural Sciences). The NIAR genebank is
well equipped and very modern. Seeds are stored at -10°£1°C, 30% RH in sealed cans for
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TABLE 2 Major seed collectons in different research institutes and experiment stations of the Rural
Development Administration, Republic of Korea.

Research institutes &

experiment stitions Address Major crops

Wheat and Barley Tap-dong, Suwon 170 Wheat, Barley, Rye, Oats,
Research Institutes Triticale

Crop Experiment Seodun-dong, Suwon Rice, Soyabean, Adzukibean,
Station Suwon 170 Mungbean, Cowpea, Kidneybean,

Pea, Millet, Sorghum, Peanut, Sesame,
Perilla, Rape

Mokpo Sub-Station Cheongcheonri Rape, Soyabean, Sesame, Cotton
of Crop Exp. Stn. Cheongkemyun, Muahngun, — Sweet potato
Chunnam-do
Horticutture Exp. Sta, Yimok-dong Suwon 170 Vegetable crops: Onion, Welsh onion,

Burdock, Mustard, Cabbage, Chinese cabbage,
Tumip, Red pepper, Garden chrysanthemum,
Melon, Cucumber, Squash, Carrot, Lettuce,
Tomato, Radish, Spinach

Livestock Exp. Stn, Omok-dong Suwon 170 Grass and pasture crops

Honam Crop Exp. Stn, Songhak-dong, Iri Rice, Nuked barley, Rape
510, Chunnam-do

Youngnam Crop Exp. Sin.  Naei-dong, Milyang-up Rice, Malting barley

Milyang-gun 605
Kyungnam-do

long-term storage. The area of the storage facility is 41.7 m* However, the NIAR genebank
faces a shortage of storage space. A new building and new storage facilites are under
construction and they should be completed by the end of 1987,

Evaluation of IBPGR designated base collections in the region

Five genebanks in East Asia have been designated by IBPGR to hold base collections of
various crops (Table 3). In 1985, the IBPGR Advisory Committee developed standards for
base collections. These standards have been described in detail in the Report of the Third
Meeting of the Committee (IBPGR 1985). IBPGR has begun to evaluate all the designated
base collections against a check list developed from these standards (Table 4),

The NIAR genebank at Tsukuba has recently been evaluated by IBPGR. This gencbank
is very modern and well managed. All data are computerized. The accession retrieval system
is unique. having a robotic mechanism. Seed samples are obtaied at the press of a button,
with no need for any person to enter the cold room. As indicated in Table 5. the designated
base collections at NAIR, Tsukuba meet all the IBPGR standards.

The AVRDC genebank has also been evaluated against the IBPGR standards. This
genebank is well run and well equipped. It should be pointed out that the 1otal cost of the
Genetic Resource Unitin AVRDC., including construction and equipment is only about US$
550 000. However, this genebank meets 7 preferred standards and w! the other acceeptable
standards (Table 5). The floor plan of the AVRDC genebank is presented in Figure |,

Basides the two genebanks discussed above, the genebanks at the Tohoku University and
Kyoto University will be visited and evaluated in November 1987, Since the CNGC atCAAS
will not be in operation until late 1987, this genebank will be evaluated in 1988,
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TABLE 3  IBPGR designated base collections in East Asia.
Genebank Designated crops Geographic responsibility
NIAR, Tsukuba, Japan Barley Asia
Wild wheat Duplicate of Kyoto Univ.
Maize Asian
Rice (japonica) Global
Soyabean Global
Vigna angularis Global
Sweet potato Global
Allium Asia
Crucifers East Asia
Sugarcane Global
Panicum Global
Chloris Global
Tohoku University, Japan Wild relatives of crucifers Global
Kyoto University, Japan Wild species Triticum Global
and Aegilops
CAAS, Beijing, China Brassica oleracea Global
Raphanus spp. Global
Wheat Regional
AVRDC, Taiwan, China Vigna radiata Global
Sweet potato Asia

Aspects needing special attention

The author has visited many genebanks in this region and all over the world. Regarding
physical facilities the following considerations merit special attention. In the interest of
fair: ss, the names of specific genebanks will not be mentioned.

SEED DRYING FACILITIES

Some genebanks use air forced ovens to dry their germplasm collections. Seeds are dried
at a temperature between 35°—45°C. When seeds have a high moisture content, they
deteriorate rapidly at high temiperatures. It should be noted that 40°—45°C has been used in
the accelerated aging vigour test (Tao and McDonald 1983). For example, in the accelerated
aging test for soyabean, seeds are kept at 40°C and about 1009% RH for 64 hours. Low-vigour
soybean seed will be Killed and the seed moisture contentinereased from 10-25% during seed
aging. Therefore, for germplasn conservation, seed aging should obviously be avoided. In
addition, drying polyethylene primed vegetable seeds (such as onion and carrot) at 35°
reduced the percentage of germination, increased mean germination time and percentage of
abnormal seedlings compared with drying at lower termperatures (Gray et al. 1987). In the
case of leeks, drying at 30°C was harmful to the seed. IBPGR strongly recommends drying
seeds at 15°C and 15% RH.

PACKING AND DRYING ROOMS

Construction of a combined seed packing and drying room (15°C and 15% RH) was
proposed in one genebank in this region, and was actually completed in another region.
However, this is very impractical and is not recommended. Personnel working in the drying
room will be dehydrated and feel uncomfortable. Furthermore, the average person releases
200 g of water per hour through breathing and evaporation, which could decrease the
efficiency of seed drying. Therefore, the seed packing room should be separated from the
seed drying room.
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A check list for genebank standards.

. Free availability of material
from core collection

. Back-up generator

. Fire precautions

( Fire fighting equipment .
alarm system . high temp. cut off .
lightening rod .

. Security

- Refrigeration standards and equipment
. Safety of personnel

( instruction . alarm .

door open from inside )
- Construction and insulation standards
. Storage containers

( Sealed can . Laminated bag .

sealed bottle . other )

. Storage temperature ( __ °C.___RH)

19

27.

Equipment for germination test detection A N
ot empty seeds and removing dormancy

- Handling procedures before storage A___ N___
. Seed drying equipment and P___ A___ N__
conditions ¢ ____"C.___%RH)
. Seed cleaning A__ —
. Information about samples P__ A___ N__
{ ___ e passport data,
—__ % partial passport data,
___ % characterization data )
. Seed testing laboratory A__ N__
. Genebank personnel A___ N_
( No. of staff ___ . No. of accessions e
Seed physiologist in staff ___ )
- Agreement for duplicating samples P___ A___ N___
Site of duplication ( If space is not enough, use the back of this paper )

A N )
Crop Site Base or active
10. Temperature monitoring A N
11. Seed moisture content ( ___ %) A N
12. Method and equipment for moisture A N .
content determination 28. Number of accessions of designated crops ( If space is not enough, use back of this paper)
13. Accession sizes A N - Crop Number
14. Regeneration standards ( ___ % ) A N
29. Storage volume ___ m’®
5. Methods of regeneration A N
30. Storage space availabel? Yes ___ No -
16. Initial viability monitoring A N
Date Name of evaluator
17. Viability monitoring pe.iod ( __ yrs ) A N
Genebank
18. Viability monitoring test method A N
(A = Acceptable. P = Preferred. N = Not within standards)
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FIGURE 1 Floor plan of the GSRU Building at AVRDC, Taiwan, China,

TABLE S Summary of evaluation on designated base collections at NIAR and AVRDC against IBPGR

standards.
Standards achieved®
Genebank Preferred Acceptable Not acceptable
NIAR Tsukuba, Japan 10,23 -9, 11-22. None
24,25
AVRDC, Taiwan 5.9.10,13, 14, 6-8, 11 None
21,123,206 12, 14-20, 22
24,25

* Numbers refer to item number on check list in Table 4.

RH CONTROL IN STORAGE ROOM

Several genebanks in this region have problems in maintaining RH at 30%, due to
mechanical or design problems. In addition, operating cost is a burden for genebanks,
particularly in developing countries. However, as the sceds are stored in hermetically sealed
containers, seed moisture contents will not be affected by the RH in the storage room.
Therefore, there is noneed tomaintain RH. at least not as low as 30% RH. in the storage room,
if seeds are stored in hermetically sealed containers that are properly designed to avoid water
condensation damage and rusting.
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TABLE 6 Example of caleulation of stroage space for § 00€ accessions of soyabean and onion.

Volume required

Crop 1000 seeds 4000 seeds S000 acce. Estimated required
cm’) (cm') (m") storage space (m')

Sovabean 175-200 800 4 12

Onion 2-9 36 1.8 54

STORAGE SPACE

There is atendency to build large storage rooms regardless of the number of accessions and
crops 1o be stored, particularly if funding is from a foreign county. Yet an oversize cold
storage room is not encouraged. since the electricity costs will have to be paid for by the
genehank itself. Prior to the construction of any storage facility. the numbers of accessions
and crops should be estimated. Table 6 shows two examples of estimations of storage space
required tor sovabean (relatively large seed)y and onion (small seed) collections of 5 000

acceessions cach,

Conclusions

Many storage tacilities tor genetic resources in East Asia are newly constructed. The
genehanks at NIAR, Tsukuba and AVRDC. Taiwan both meet IBPGR standards. The
completion of the NGC. CAAS genebank in Beijing greatly strengthens the germplasm
conservation program in China and in the region. Although there are no long-term storage
factlities in North Korea and Mongolia. new genebanks in RDA, Suwon, BVRC, Beijing and
Tarwan are either under construction or in the planning stage. The outlook for long-term
storage is very bright. Some of the experience in genebank conztruction in this region as
discussed here could provide usetul guidance for other regions.
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RECOMMENDATIONS

International workshop on crop genetic resources of East Asia

1O P33 NOVEMBER 1987

The first*Symposium on the Genetic Resources of the Far East and the Pacific’ was held from
21-24 October 1980 in Tsukuba, Japan. The current Workshop, which can be considered as
a tollow-up to the 1980 Symposium. comprised 91 participants from ten countries and 8
participants from 3 international organizations. Seven status reports were presented as well
as 25 research papers and 3 discussion papers. The Workshop reviewed organizational
developments incountries of East Asiaand adjacentareas, the utilization of genetic resources
forprodutivity, pestand disease resistance and stress tolerance, the potential of wild relatives,
the collection and evaluation of indigenous germplasm in East Asia and advanced methods
of evaluation and management of genetic resources. Towards the end of the Workshop
reveiews were presented on progress since the 1980 Symposium, in terms of the implemen-
tation of carlier recommendations, collaborative programmes for germplasm collecting and
phystcal conservation facilities in East Asia.

Participants noted the enormous strides forward in plant genetic resources activities in East
Asia. especially with regard to germplasm collecting and exchange, the great expansion of
physical conservation facilities and the increased utilization of germplasm for Crop improve-
ment.

The Workshop, in all its deliberations, reiterated the basic principle of free exhange of
germplasm as the basis for current and future collaboration, both within and outside the East
Asia region,

Germplasm collecting

I. The Workshop reviewed progress made on germplasm collecting and subsequently
revised the exploration priorities. It reccommended the use of the revised priorities as pre-
sented in Table 1 in planning future collecting missions. Special attention was drawn to
the need to collect and conserve medicinal plants, under-utilised crops. and forest tree
species.,

2. The participants stressed the importance of continuing well-prepared collecting mis-
sions, both in East Asia and neighbouring regions. Wherever possible joint missions
involving participants from the host country, the country of origin and other countries
and/or agencies should be encouraged.

3. The Workshop, recognizing the genetic crosion among wild relatives of crops, their often
unknown potential and their frequent use in breeding for disease resistance and other
purposes, recommended that increased emphasis be placed on the collecting of wild
relatives and also requested IBPGR to accumulate information on those cases where wild
species have contributed to plant improvement.

4. Noting the lack of information on collecting missions by various institutions, the
Workshop recommended that cach country and/or agency nominates a coordinator on
genetic resources to act as focal point for information on this and related subjects. The
dissemination of such information could be stimulated through the issue of a regional
newsletter (see recommendation 14).
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TABLE 1. Priorities for Exploration Activities®.

TSUKUBA

Crop Japan China Korea
Wheat 1C IB 1C
Rice 1C 1A IC
Barley 1C 2A IB
Millet (common) 2C - 3C
Millet (Ttalian) 3C 1A 3B
Sorghum 1B 2A 3B
Maize 1B 2C 1B
Brassica (oil) 2B 2A 2C
Sesame (oil) 2B - 1B
Saccharum 3B 2C -
Aroids 3B 2B 3C
Sweet potato 2B 3C 2C
Soyabean IB 1A 1A
Mungbean 3C 2B 2B
Red bean 2C 2B 2B
Chinese cabbage 1C 1A 1C
Cotton iC 2B 3C
Buckwheat 2C 2A 3B
Coconut 3- -
Cassava 3- 3C -
Yain 2B

Eggplant 2C 2B 3C
Tomato I- IC 2C
Leek 2A 2B 2C
Cucuinber 1C 2B 1C
Deciduous fruits 1B 2A 1B
Vitis 1B 1B 2B
Citrus 1B 1A 2C
Tropical fruits 2B 1A 2C
Forage legumes 1B 2C IB
Forage grasses 1B 2C IB
Bananas 3- 2C 3-
Tea 1B 1A 3C
Mulberry 1B 2A 2C
Groundnuts ic 2- 2-
Bamboo

* Priorities in terms of national needs are rated as | (high), 2 (medium) or 3 (low). Indigenous plant genetic
resources for these crops (and forages) are rated as high (A), medium (B) or low (O); () no indigenous diversity.

Conservation
5. Noting that a large number of institutions in East Asia ar

e involved in genetic resources

conservation, the workshop recognized the need for more complete information, and
recommended that national plant genetic resources inventeries be prepared and relevant

catalogues be regularly exchanged.

6. The workshop was informed about the status of those base collections in the East Asia
region, which have accepted the IBPGR request for long-term storage of specific crops.
[treiterated the principle that each of these should be duplicated in at least one other base
collection. The Workshop recognized the need for additional designations for those crops
which are not yet covered, such as Setaria and buckwheat, and recommended that IBPGR
further investigate this in East Asia in consultation with the respective national programs,
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7. The workshop recommended that more attention be paid to the conservation of vegela-
tively propagated crops of importance to East Asia and neigbouring regions, including
taro, yam and coconut. Most of this germplasm is currently being conserved in field
genebanks, and the meeting recommended that collaborative research be initiated on
alternative conservation methods.,

Training

8. In order to be able to assess future training needs, the Workshop recommended that
IBPGR carries outasurvey of past training programs and assesses future needs fortrained
manpower i East Asia and related regions,

9. The Workshop appreciated the role of the short-term technical training courses as
provided by IBPGR.IRRTand JICA, and hoped that these organizations will continue this
effort.

10. The Workshop recommended an expansion of the advanced training program to meet
increasing needs for trained manpower in East Asia and related regions through MSc and
PhD training. The latter inight require special measures such as seeking additional
funding.

Regional collaboration

L Inview of the rapid progress being made by national programs in East Asia, the Workshop
agreed to strengthen collaboration, especially in regard to the exchange, evaluation and
documentation/rationalization of existing collections. For this purpose, the Workshop re-
commended the establishment of Working Groups for crops of high regional importance
(eg. wheat, barley. soybean). Such working groups would meet annually or biennially,
to develop a plan-of-action and to exchange information and discuss progress being
made.

12. The Workshop noted with interest the intention of the CAAS and IBPGR. to establish an
IBPGR Ficld Office in Beijing starting from 1988. The Workshop expressed its desire
that this Field Office should also fulfill a regional function in the East Asia programme,

13. Although the Workshop emphasized closer collaboration among countries in East Asia,
it recommended continued links with other national and regional programs, especially
those in the Pacific and Southeast Asia.

Newsletter
[4. Recognizing the need for better communication, the Workshop recommended that

IBPGR establishes a regional newsletter. This does not need to be restricted to East Asia
alone. but could cover Asia and the Pacific in general.

Next workshop

I5. The participants considered the current workshop of enormous benefit to the geneltic re-
sourees programs in East Asia and recommended that a similar Workshop be organized
in not more than five years from now and to involve every country in the region.

The participants of the Workshop wished to record their appreciation to the Government
ol Japan (Ministry of Foreign Affairs and Ministry of Agriculture, Forestry and Fisheries) for
hosting this Workshop and for their generous financial support, also to the local organizing
committee for their dedicated and untiring efforts and to the IBPGR for its action in the region
and for sponsoring this Workshop.
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