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Inaugural Address 

KEN W(INl HAYASI 

)irectr ( uncral
 
National Institute of+lAprohiohogical Resources
 

)istinguished (;uests and Participants, 
)n beialf 1lit' Workshop Organizing Committee of the National Institute of Agrobiol

of-ical Resources anid other related institutions, I have the honour and privilege to open the 
Inte ational Work-hop o ('rop (;icltic Resources of East Asia. It is also my great pleasure 
to exIcid tile lost sillceC rcctinos andlbest wishes to all the distingzuished guests and 
participatls in this Ihitcrilational Workshop. In parlicular I would like to extend a cordial 
wcolllt It) ile palticipatllt wh) have collie over to Japll from abroad. 

Ilic prcct Workshop has becn spolsorcd by three organizations: the Internlational Board 
for Plant (4crietic Rcs.onrccs, the Ministry ol'forcigin AlfTairs and the Ministry 1)1 Agriculture. 
Forestl and li',hCries of the (ovcrnnment of Japan. 

Iparticnlarly v,ould like to takc this opportnnity to express imy ,decpcst ipprcciation to the 
l)ircctor of thn IlIl'(;R I)r.. T. W illiajis, for his thuotglrfil consideralioll inI sponsoring this 
Iriternationral Workshp. I have to e.xpes sincere thanks also to some imitnlXant members 
of the IIlP(;R, incitndire )r IF.Kiknchi, professor of tUniversity of Tsiktha and a member 
of the Bloald o fr"lrteCLs of the IBIP(;R, l)r J. I.. (reech, Senior IBPGR Advisor and Ir 1). II. 
san Sloen. I liad. II8,FiR Field lrol-ranne, for their colstructivC advice and collaboration 
in draltig and comuiplemlirg tile detailed prgramm of' this Wokshop. It is really a very good 
experience for it, aIId iarticularly for the Symiposium ()ranizing ('lonririllee to have Dr S. 
Surznki. ( ienctic Resonrces ('oordinatorof the NIAR, as ()rganizinm Secretary, to put forward 
all tie necessary arrangenments and activities froril the initial step which was more th1an one 
year ago to this inall stagCe. We arc nlow very happy to shar with all of you the pleasure of 
having the opening ccremoy of this Workshop this morning. 

)espite the presently recorded flood snrlnhs, the ong-tern prospect fOr food production 
uray not be brihi ili viev of the ever-increasing population growth particularly in the 
dCvCloping countries. Evcn in tire developed countries the application of tIe conventional 
agricnltural technohlgies 1ay r1t guaneCC airy further upgrading rIf agricultural produc
tion. The agricuilturl conditions have kerr chariirrg adversely due to marry negative factors 
including nrbaliation and environmntal deterioration. tnder these circuirnistances it is 
quite natural that sociLtV expects agriciltural scienlists to develop new technologies that 
shotill bring it mew brCklhrough ili agrictiltire. 

The National Inistitute ofI Agrobiological Resiources (NIAR) wa; Iuinded ini 1983 with 
objeclives t) develop pioneering and basic researches on preservation, development aid 
utili/atioT if biloIical resoirces in agricullture. Its research areas include geietic resources, 
applied phrysiulogy arid cell ar1d rirolecular biology. In 1986, tie (enetic Resources ('enter, 
coliposed ofl a (6enctic Resonrces ('oordinator, two research I)epart ilcntls and o(re admini
istralive Division was established in NIAR to reorganize and strengthen tlne activities on 
genetic resources. The Center aims irt tire collection, evaluation and preservaliou of plalit, 
microorgaiiism arid animal genetic resources a1n( at promoting related research fields. 
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The collahoration of NIAR throuel' tile activitics of this Cenicr with IBlP(OIR involves 
'0,crila aspects. We areC part of teil internationa I netork of tie IBP( 1 hase collections and 

lake thle responsibility for ln-telln pleservation (I the ICMnetic resC.ourc,, of abolut tell crop 
plkllt', l',i~liald to0 .laph n. ()Oai/irin the internatlional g oup traininL coursc on .cenelic 
resoUl , is auotlilr abpect olfthis co:laborlion. 'his, parti'ulhrtraining course was proposed 
Oiieinalls, b\ IBI IR anld has heeii fUlledd h\ tile JICA (Japan lnteriiational Cooperation 
Ac\, I +ince I 982. toturibiitiiu to obtain basic knowledge and tcchnolooies oii genetic 
resources for niiaii sielti-it> iNAsia. Middle l:aSt. Africa and South Aiicrica. 

Todila\ unlike ,fire. tihe iniportillC of gelltic rel'urce is widel\ and Well understood. 
iIt tIt LCt I I t l'urCe, Ie tecl-arijerofeiis eIuIcodiiIL all Ille ,ceIictraits that have 

been aIIiltIII latttI ove\ aI var,. At tIheI lpIpe..riod ofI several billhI saIIC tinie. cenetic resoLrces 
sulpply hte geI I variat iI c[ e i_[)l'en\ I)reCdiII, including bio'tic ueful r crop inuip'r01 thrIcCh 
tchllog. Ill this lonictlioll. tle plc"Cllt Workshop is very tiiiell, focusing on the use of' 

eneticresourc , il crpl impirlienllt and also ol ilfentiting luture problemCls in L'ast Asia 
and rlliehbotlluili, lC'itll', here tile oiin_'tl eillorts of, scientists arc really leedIeCl. 

I ,ii ccl'l. hope that the fprL',iit Workshop will he stIcSSfIll and useful for further 
pritnlotill acti\ities Oil Ieti IsOLIurcs through ourllrespcti;ve COulntries. I alIsO hope that 
otur friendship alnd cooperation0 \ ill be furIiti' st'engtiincd through our joint effort in 
reaching, this commoni target ol' inlriiense importaricc. Also. please let tie hope that your stay 
dIiFIrig tile Workshop at 'f'sukuba w ill be fruitful and enjoyable. 

Thank \,ou very much. 



Welcome Address I 

RL thFr ( 'OU1i I SCcre Iarial,I )t I) Irc ( iC Fci lt.R.tir C1 MAFF. 

l)isiin'islhCd (;Icsts anid Piarticipants. 
()n behalf of the NI Iitrv.f A rict urc, 'orestrv and Fisheries, I would like to say a few 

\MR]" oittlt tclsioll of tile Ol~)CillL, eciei1ollV of the IBP(GR Internationil Workshop on 
('rop (;cttic ofcsiii List Ait. 

l'irsi of all, it I" ti rcal lsimurc lor ws that the Initerational Workshop is held her,. in 
lIsuktba Stietnce ('it. udrtiler the reat ctfotr of, tle antoloitics concerned, ard I sincerely 
\\etcilic all iarticilM)lt,.iucludiig Cctets I I lIricirtnmi coulltric', and three international 
0 r n1/1/atiolls., ande t1reltted tC i,,tiltttc,,tli, t'sit '-pt'CrtsI ItCt '-Cs;ii anlld inthi,,country. 

Tis \o)rkshtop is dcincd to strcietlhci \arious c,,arClh activities, ill the eildofIthe 
ittiliitioii of cenetic resourt.es inl Fas"t relctli , svriposinl\,,ia. tlte rCsults olthe IlG;IB 

Ms hich \. to 
iiini,,tr decided to cooperate b,prorilotii the farticilatlioti lf the reatetd rtscarcihers in the 
Mini,,tr-N. Iatsho hope that regioial c r)o ill be ltr 

in I )'f( as also held ill rTLkuba. Since it ,CCmtt,be- iamost timely Workslhop. Onr 

i,.ec act ivitic, \k, the 
snceCV",s
of this Workshop.
 

On this occasion I wonld like to c plin somec rsa a-ictivities,ill this liclt.
'lic Ministryis int+he process ofleveliipiin e,,,atlvaiced t.ethnolhti,, snuci as bioilciioloevy in order to 

make rapitl pr'igres,. in the arienu re._lisesrv aid fishcrics, and food i(lustries. In the
 
cmrse of this developrt ent. 
wc arC plaIcing cmphasis on s'curii clietic rc-,onCCs, aiid 
Celablished in I985 a Corihprrc sxstcisivc ulr genetic rcsoniccs cal led the Agri'clture,
 
lt'cstrv and lisherice(,cebank'. ,shich involves a reallv estensive network for tollecting.
 
pI'C.sCr'Vig alld cvaltlilng g tCIlCic its
IreS.LIrtSUCslu -grictlttnualplantis and altnirmals, rlicio-
Otrltisnils. f(r'est trees and marine or'anisris for more And front thisl'icient utili.aliin. 
\cir. wee initiated a project oi the hreedintg of new, epoch-laking varieties using that 
gcnbank together with the advartced biotcehnologics. The Ministry ilitc!is to coutribule to 
international cooperation oil plallt gCrlctic resourCes liroellh tihe abovc 1t'Cartch activity. 

We f'nlly understand that it is important f'or nany countries and international organizations 
to Isork tocether and exchange inlfrirmatior in or(rler to deepen nmnuntal understanding of the 
sulijecl. We hope that the Workshop Will get fritlfl 1,,stsl,through active (iscUssiOns by the 
participants and that further coopCratiol between countrie,: and international organnizatiolls


Illlbe developed inthe field of trainirg and the development of related technologies on crop
 
celtic resotrces.
 

Thank yoL. 

http:resourt.es


Welcome Address 2 

TAI)ASI t ll..\
IDifeclol. M,1lult;IL-1.'al lii,m(U t~pcralioll 
1'1.1)l1k'1iiit l~ l .
C' 14 1,111R'l ~lU'JlI.NI()I-A 

ladien ilud (;cutlle,n 

()ii tile .csinil the InutenatiJonal Workshop on Crop Genetic Resources of East Asia. 
I wouI(Id like t)e\p,,s i.\harty \welcome to tIledistinguished representatives of tie Asian 
Re'jitm ant Ilitcrii;ltio!mil :'\e'i.iullil Research Centers, aiid e\tenld m sincere respects to 
Dr .I.T.Williils. l)iichor ol III(IR allhdh ineinhcrs oldhe .apan ()rgani/inw' Comnilltee. 
\ ho hl\ L'IllcIeC effot 1I"CIlilll'. n oftC"\ el Chis to rali/e lil I 


0lIilll. illM m1 10 eise il an 
 111 t'h 

(flapaill ie, is supportt 1 inl o nifie Cteffor s1, 


)utlilC Of('(.I ,and (;I:,..(lToVCnitent 
the C( l\iR %e ()i' - to inlrcatsc food 

prhodictioii aiid treigtlicil Iliterntiioial ,-ricultitiil Rscaulich ('cducs in the .i\elopilid
coutrlll'ics. IIIPGR. estal-lished 1)\( (i\l:,\ in11974, plays an ilportant rolc in ponlioti .rid 
cOOtldilaltii an iitcrnlimiii nct\\)k of uc'itic resollccs ccnllC t furthc Ihc collection. 
t iIlsr utiolI.(docuiiiiiitlitio)ii, C\ .llilitiI alld ise ofplant gerIitiiplasill and thICC \Coilllites 

to raisiaig the sthildiard of liviiig aid \sClfa+lr.of people lirontghoult tIlessold. 
In this coutellc\t tile(l,\ eniieiit )filpaj Hia.: heen cittRibutin to IIl(;R fiiiancially and 

lechnically. 
Let me recall the Icollilliiidatiou 1v tileAiCA Seiinar held illNovetier, 1985, which 

Slates: 
"Foralge.,pas, iliaiikind has pro'Ound relationships with so main plait species on ile earth 

f)r the necCsilies of life. ic. 1T'0d, clothing, houshn fuel. Inudicinuc and so on. 'The rapid 
pIeroS, ill life sciences recent has., li\in years opCened hiouiouis lor eXploitalion andutiliation of plant gcnetc resources illourl"soCio-cCounlic activities. including health and 
w\elfale, mledicinIe. agiiculture. Iorestry, fisheies,. mah cuig vand ,.in'ironniental 
COlesIal ioll." 

It is significant in Illiscontext that this Worksho0p is beihluhel Wilh so iany1 (IiIiluihcd 
participants trollltile
region and the llernalioual A\gricultural Research (nlters.

I sincerely hope that fruitful re.ults, will he produced through the flit-y dis.uSsions by
the distinguished participanls, and tlat the collaborative research network of the IIPGR in 
tilefields of crop genetic Iesourccs will he Ifuther promoted both regionally and globally. 

Thank you,. 



KFYNOTF ADDRESS 

Recent changes in emphasis in international genetic resources 
work 

1. 1 ,\\ I \ S 

I )ITc . , I It'( R 

IBP(1 R ss, established hy tile n.11lternational Agricultural Researchl, ('onsultative (roup n 
('( I..\R ) Ii 197-1. Its initial task was to prloote a global network of genetic resources centres 

to ensure thal [lite,L'elctic diversity of ilportillat food crops and other ecollolliC species was 
adeqnile, \ collected and satisflactoril\ coliservedl evalnated and doctinented. This material 
S;a,, e ie \tilalle to all /)I)//(/ /il' scientists.to hC ii(c 
SillncI t ltie lutfntl ot our dollors. the inidaleIhas been interpreted sonewlhat 

di fleeitCNlv to include reseachli and this as necessitated a totaI restrlocturin of the IIPGR 
Orcaniloill. 'li chanceus howvcwr. have been cradllial and m1altv represent chan-ces in 
eillphasis in lractic'al ,%ork. li the earlier \cars IBPGIR Cstablished ,tlist ofplriority crops and 
il lie first ten \ears of it' opCratho, IIP(;IRmade significai progress inestablishillng major 
.Crinplasi col,ctiols. It had stniulated the eslalishiient of illerlltional, reiolal and 
nattional actilics and pro'ranis, and conitinilcs to place hih pri)ority Oin lilding and 
strenetherninr, a ret\,ork o" celires ilall parts oitf world.tine 

ne ','icifica..it11 chlange lios, gldnal nriive away fronl tn ajoreiph'asis onilare ioaltbeenl al 
applroach. IIBiI(R las conc to eiplisic s\ork On crops over the developmient of' regional
 
inlrntnrs+,, on.e a certain level of support has been reachned. IIB R recogni/es tlierefore
 
H it rst l look priularily to international ald national prograis as the essential operational
 
lits, v,ili the ec,,eption of a levteioial cenltres set up With tiore assnred finacing by
e\ 
dOIl",.
 

lRgional Coolperation is stiliurlated arld beconies especially uselul in, for instance,
 
obtilriic treerienll oniarrari ellile1is for regi(orlal long-rii storiloce ofcollecliolis of soie 

crops, innorgatri/irig regional training courses and in proniolm cooperationll mong tlhe 
Hoimnal scierIt ists Of a particular ri'o. 
IIBI's task has always heen to initiate tine unret action rn'eded to develop a viahle 

ltobal netm ork ofactivities, but 11oti act as a technical assislmarc- aoenc\y cr L. 13y working 
iltll,wily IIl31>GR has been able to initiate aid catali/e crop eletic resouirces work in 
several scores ofcoumtries arid. lone x\av or alother,has liaisoll with about I 10 coulntries. 

If th~ee abont 5(1nalrial programs have enierged inrecent years. le eTipliasis oi IFBPGR 
is to help developine countries intecrate their activities on a scientific level arid readily 
transfer to thnem techllology oilally aspect of collecting. COtselvaltiOll. dOctlilneItation,. lild 
dlescription and use of priminitive foris of gertrinplasmn. 1ina inunbler of high priority staple 
crops. the other international centrcs of the CGIAR play an illportant role inlthe Overall 
niet ,ork. 

Let ts recall that, when IBIPGR was founded, the Ila orcoicerrn about the loss of primitive 
lmrniis was for the cereals sutci as rice, wheat, rnai/e, sorglluni and mlillets, and barley becautse 
ft lhe recent successes ill breeding and the riodertnization (ofagriculture which were causing2 

\k idespread genelic erosion. In less than a decade such eroiiori was t0 be founMd i ll I Other 
crop groupings, whether food legumes, fruits, vegetables or forages. I fence the irorities for 
action onicrops were expanded rapidly and IIIPGR had to initiate work on a very wide range 
of materials. 
The first task was a wide-rangirlg collecting program tonconserve hardraces from areas of 

traditional agriculture arid more recently t1inchde related wild species so that the represen
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ration in collect ion skas from the wider genepool ot the individual crop. This aspect alone led 
to the need Io chart a new course of action and to initliale much-needed back-up research. 

I am delighted to address this workshop and to listen to the progress that has been made 
since the ri.tl,Il( ;1R %korkshop charted itcourse fOrcollahorative action 7 ,ears ago for lEast 
Asia and tlhe Pacific. \VC shall also hear of tle !proressiladle since live nations oI SoulthCast 
Asia a,kcd lI(,P(R for help ii illitiatine i cooperative progranl. We shall all he involved in 
lookinr, to the futurc to see ho\. \icr coopCrition might he susttinCd. 

'[his isan oppOrtLuit\ to review progress and identify gaps in ongoing work. It is Also an 
ppol'tuit,, fotr scicntists to exchaige infaOnatioM and I can aXssur yoa1of' th dClication o 

II1,I(iPR to assist in wi:tcvr aN possible. Inl order for oyoto see the multi-dimensional 
ilspCtIs of the IBI'( iR neti (rk I \wish 1o outline the structure of'otur glhbal pltOglam. 

I P( R program frameNwork 

IBI(;R's lorgralil structure has a number of major functional program elements. These 
include: 

(lohd (;cnetic Resources Network 
Germnplasm Acquisi lion 
(Germ plasi ('h aracteri /at iol aind Evaluation 
Training 
In iitro Culture Rescach 
Genetic Diversity Research 
Seed Conservation Rescarch. 

This structure has developed because ot a series of shifts inactivities. For instance there 
has been a change ofenpcliasis from widespread generalized collecting to selective purposive 
collecting to fill gaps il existing collections. More attention is now being given to ecogeo
graphical surveys and species mlappiig and the collection of wild relatives of crops. 

113P(GR is aclively promoting gcrinplisin characterization of previously collected 
germplasi and hence the betier use (f eiietic rCSOlrces. It is also placing gretleremllphasis 
oil bringilg internationally agiced scientific standards into the conservation ol'germiplasm to 
enlsurC its safety il the base collections. Another cliangoe is that mutch nlore attention is being 
given to(active collections linked functionally to base cOIllectiol1s and this presents a inumher 
of( ciliceptual problems which have not been fully addressed hitherto. 

There are also Ilunlihcr of research challenges that IBPGR has identified and it is waking 
efforts to meet these, as well as to lay a basis If.Or accommolln0dating any developments that will 
Occur in the immediate fluture. For instance, IBPGR is actively supporting research into 
ccthli(qies olin vit(iro conservation and oin tle maintenance o geiietic integrity du rinhg storage 

and rcgeneration ol'seed or cultures. Disease indexing to 'acilitate quarantIine a1(1 gerniplasm 
excliange needs further consideratioln. and research will include ilivCstiiations intO ni
destructive disease indexillg ulethlods. Ili the fast-moving area oIf molecular biology, IBLPGR 
is closely monitoring developmCnls and incorporating view teci iqies into its research. 

To achieve its strategic research objectives I BPGR provides I'tids for contract research 
largel' on t competilive basis, organizes workshops of specialists and produces publications 
so that a pproprriate research resuIts are eflectively tra nsferred to he gcrlIplasil community. 

The I, IPGR programn is organized ill two sections, the Field Programme and lhe Research 
Programme, both serviced by headquarters alld a number ot' staf l'ocated in various parts of 
[he world. By' far tlhe largest IiMher 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 ire willing to carry out. 
collecting, conservation, documentation, training or other activities which IB PGR considers 
o a priority character. 
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I II'\ trkit..\ %R\. itlI reg itIr to ,upport to n tiolal Irogi, In f dCveloping Countries is 
[op r1 \ MictIapickaee I a.I pr.I)riaItC aldVice arid I,,i [tiiCC. N1oreover. the asiti,stance is tailored 
to (le recilicinielr-, of cach conlltr deplnding oii the str'eii tli o' the national programs and 
the ]p1h)sicll Iacililics arid ,\p rtis atvailahlc. The priorities of' llB ( iR play a Iajor role ill 
uti(lii th li Il lro,-raialI .W ith alI riIed (iiCIlCt II'(IR e larnot resp)nd Itoall individual 

and ltrciliiCe l lie&',. iiar'' noust hC national or bilateral rlesponsibilities. 

(;ll"NI: I I( I ') )I R<( I ,N \I IKG ( M \1 I l Rt > I \kt 

'lh pirinluiai aiim of II'(;R his been to est llish and develop i network. This global 
nctrk ha thircad+ of* ilfluence cxtciding to plall hirceding organiztions, geiehanks and 
tmii\ er.it\ dpirtiniei,. A tIhe niotilerit there is a network of I3PGR-designated base 
coll cti ls oIf specil'ied riaterial. linked touetlher by the actual or planned duplication ol' the 
gcri,plamir, as air illuralit a"aillsl lo's. Interloeki. institutionlt arraingernents arind opera-
Iiolirl ,tittceie_ fieUtioi toeethler to coriserve ald make available gernplasni. 

1B U' ('//I( lions 

I5\ die end of' 19X7, I ll(R-designated base collection of seeds will have been expanded 
it) inidc lrm opical aid sultropi cal priority I'orage legunes and grasses. As many as 37 
institutcs in 2') countries Ire now involved, at least half'of then in developing countries. All 
lie rilajor cereals, fuood lCguirnes, ioot crops aid vegetables are covered. For example, 

de.siated Asianr colleetions of barley, inaiie, japoni'a rice and soyaibean are held here in 
Tsiuh iiha.and therCe are otlC LCsignated collections, in among other places, Japan, Thailand, 
the I'hiliplin ,sand ('hina. 

,A /l+ieco'oU/c '/iol .\ 

Active collections hold seed or vegetative materials under medium-term storage condi
tions for current use. These collections uderfake regeneration and evaluate, niitiply and 
distribute the material. Where the iase collection is held separately from any active 
collection, 1lPG R's strategy is for the designated centre to hold tile base collection and to 
enter into collahorative arrangements wilh one or more centres holding active colletions of 
tlhe crops and which undertake f'unct ils o 1eiurn-terni storage. In the case of'nlany cropsnf' 
these essential links reiaiin to lie established or to be fully worked out. 

I)aalamnau mqn't and 1I't11/'1'1" 

II3PGR is providing advice, operating standards, hardware and soltware to national 
prograrlis f'or documentation activities, especially oil specific crops. A major effort will be 
directed towards the development and/or strengthening of the systems of' management of 
cOlIctioris, in addition to establishing data bases for passport and characterization informa
tion aid the merging of data froni national programs into central crop data bases. 

(0 :l,1't ASM A('l)IiIsHOIIN 

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

Iowever, for many wild species we lack infornation ol distribution, filies 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 Allitmt and some 



I() J.AT'.WIt.IAMS 

erOlpS of the Trit 'wt'. A sit [dv on V,4lI-a'r(, Species \v'is f'inished in I)85. and is now being 
translated into field work in Kalinantar. SInatrl ind Silla. 

lli patrallel ,ith such rCsCarch. IBP( ; statare developing brieling lists or lit'il, , orkers, 
incIt din practiicable antd comI)rcIhtel,,i\ c kcs |titr i hCntilIifotioI. 

All olecte rliterials arc ditrib+utcd to -enhariks fOr cotservatioir. IIBI( R haIS found it 
Irecesarv to Inrid tSrmall ( ierrplasru, )itribntiorr Unitut Kt\. tIK. which cleans andtdries 
rIraterial frorri Alrica antl adacent are, test, vialility and sends scaled sunples ready for 
deposition In ceink ,, of national and international cetires. This work %%ill Cultinrue Until 
national centre'si h\c adequate facilities. IBPGR is lso estalishnirIg it sinrlil Uit ill tile 
Siri,,ersit+ of Siritapor ill I988 to perfori similar tasks for Asian contis. 

( i ss'iii,,", I \(llIiI/\ N" NI) I.\t .I\ I() 

IIB l(;has for many y'ears de' elorped descriptor lists for most of' tie major crops fant a 
lnnIber of llirnor crops.. Ill para-llel. IBP(IR provides technical advice ald help) to genetic 
esrcIleVs cetclitc,. I'for tIe orearni/.ation of their data on collections. I lowever, tris is slow 

hecause oirl\ a Small portion of, the geririplasinl collected so fir has been characteried arid 
eIvalnatd. It ilvolveCS the eri in. out and data capttnre of satmples, and \C haIve found the 
need to establih Cellrtali/Cd Crop data a.ses as essential to the wide cotmnnith' ol+u'.,.rs. 

llBi( ;R 'Ssntpport for dala bascs co\crs I wkide front. Apart I'loi continhring to spi",:rt the 
aisseriblin arrd ordcring of passport and descriptive inhrration oil existing collectionis, 
there isthe niecd to fill glps in data for oltler signilficant Collections and cross- releenciig to 
Leograplical arid climatic data bases. Such work will facilitate tile value ol inforanition to 
scientists. breeders aind other gcrinplasni centres. 

I R I NIMS 

IBPGR has always supported training activities. It is essential to ensure tire availability of 
technically skilled personnel to carry out genetic resources work effectively iii the global 
network. The Boa rd's training prograin has gone a long way in providing manpower fIor 
national, rcriorial and international organizations. I lowever, there is still a shortage In llost 
of, the dev eloping Countries aid continfued emphasis on training is required. 

lhere are four sUbprogralls: poigradtluate courses, specialized short training courses. 
individual tralining progarilis, and iritern fello\ships. 

IBP(R support to irairring hadia rirajor irmpact on tie rate ol developmnent ol'prograns in 
Sonthieast antd last Asia. '[he more generalized training will eventually le phased out. We 
shal cntinue to work With colleagues ill tile regions to foster the iritroductionr of genetic 
resource into related tie eree strtctures.This has already liappened ii Indonesia. Thailand aid 
tire Philippines. At file !ieic time, training activities of hliiterratiional Centers such as IRRI and 
iii Japan suprplemrent our efforts. 

I I111RI (I 1l 1 Rt IiESli,,\RCII 

IBP(R has taken aelead in initialing in t'itro)research as it is an area full of potential. for 
tire ntinterrance of clones of interest to breeders and for wider vegetatively propagated 
irraterials of crops like sweet potato, cassava, aroids, together with cocoat, coconut, barana 
and other fruits. 

In lit/u) active genebairks will contail cultures inder coi(itiois of'slow growth and ini vitro 
base gereb+anks will contain cultures under cryopreservatiorn. Both systeris must be linked 
through rrultiplicition cycles which involve subCulturing and mrnitoring for genetic 
stability. 
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II tile pIsj 2 3 ea s IlP(.;k h,, de\heloped tleh Li(princilehs l0tfhc decsien dand 
op'lration ofi !II gcetl I di Iitevimrl hanks. aLl I a'l st viii/ 0 'i hiik is L'HIrIeIIN tlsl(It.I SI.
 
\laite-iafl,,CuLIut.d It0 11l11"1 I lli-, l s11,i i. eu't, \.idcl a I I ¢o pItit as possilIc id most ,
C'IIIIHILI1m0toCOl:+(lc0C.'hIpsd fo"lU lt,, I IWI I Wedh.rlll;C 'tCll"C,'l' ll t o be tu-+,Caricled.
 

lhtIe has been oic practical spili-olf In III IIIIIl l,. lele', e e n iethis ofthe ; iV ( '( ,.is 
't IIjll;slill ctIltCtii ill Il e ltLI 01 o icollh- ',oihll i C',itl.s,iiieel //ti(LI M e ,. t I i 


tee hinitluCS \ ere hi'Ii,uch ttcei](tluC ill IusiuII,i ,,. simple. rather
usCd. II'IN(;R d d 

thIll~n 0 SOu his h sl t
StOI)li'its'ttl ttU'h.itihties tetd hlic cao . htIltcotl anld cassava
 
ind is heiiie devCloped ill other speCies "uch as trlopicaa Airotiei,,,el.h i(Itic
has b)el 

L\IHutaetial, occesseld ni\ il he1,i hlh.titCIi neIed tlblei \el nIidcllt d l pes ti 

the splread I diease. lhis 1,tb itiUtSl\ ilptut.t il IldjI ( iIN\\ ill be in,..,iIne tile and
 
resourees ill sponlsoingI r.search. (\lie ,,uch un) cr hiCA,;Ilreads Strted. .\\VRI)( is at the
 
ioiiteIit CLturile the Ilieristen tips ol1'',\\CC[ I)iitit collectetd inl Asi Mid the P'ci'iC Mid
 
illdt\iil, them fortviruses.
 

There ale Vi'tual lnio glOod scienttiliC dat Oi)eCuetiC statbilitV olIl VINO cultur.1s. hI 19X6.
 
the.C BoMrd inititted pro jects to examine the stuhilit,, o1' cultures ilsttoraIe Under both slow
 

rFo\\th and cr'-opreservation. It is expected that these will he completed il I9XX-X9. but
 
Iurlther research is expected to be necessary. 

R)I\15 RSI.I(;t I\ I1 I IMFA(II 

Mail\ oftlle past projects of I I'IPG R have led to further research onl materials collected aend
 
to the Clarification oh species relationships and evolutionary pathways. 11-PGR recognizes an
 
ur-C'i! itcd to increase its role in this area because of' its emphasis on hroadening tile 
enlcpool , i collections wkith representative samples of related wild species. I lowever, the 

scientiic knoleede hase is still sleiclder ilimly groups ol'crops ol priority to IIHPlGR and 
to bre-Cders. [gor a Ilar,number ol priority wild species. the limits ofdistrihutioal areas are
 
uncertainit and Ilok\ eriti eand seedin 
 times are unknowi. Inorder to protit ite efflectivel Ield
 
\Ntork research ieeds to be carried out.
 

Ilt relatlion to wild species and forages in particular. ecological data are needed in the
 
pas,,ntt data Iiles.
 

latterns of genetic diversity can be analyzed by isozyme analytical studies in restriction
 
flragtent len th pol,'niorphisI analysis and correlations with ecogcographic distribution
 
patterns songlit with morpliological and genetic character combinations. 

Si I I ( N li\RVA I1IN REtSli IA(tI 

I)urino the past decade the Board's research on seed conservation is f'ocused on basic 
iin vestigationtis on seed physi ology and practical methods oI hiandlihi g seed inl genebanks. '[lhe
research supported has resulted in both conceptutal and technical retonmetndations for seed 
ctillsei vttiill.Some of the techniques developecl iticltcle a new concept of seed drying: tlhe 
useCof extra-lowN moistuJre contetits atId alIbienit temperattuIICr]ts for long-term storage, tle 
I(iodif'iCa.tOllI (it' the eCILtatioll quamntifyineIh seed deterioration: andtlhe secietitial testing
method fotr nionitorin seed iabi lity. [leiti d \ woirk hias resIlted in tlie pubIi cation of'two 
hVnhiiiark matials for seed cotservation aunl handling. 

Research oil seed cotservation will be expanded ott seed dormancy. regetneration tech
lliLe',. iiielhods for diseaIse itdlexin aidl alatit health 'ir seed cxcha nge.

It hit, uo ilerged fromi research that l'Or seeded species embryo storage willrecalcitrat 



12 J.TWII.I JAMS 

Irohah l he the prete'rrc iconservation nict iod hut more hasic rcsearc h stillI needs to he donc. 
IurlhCrIore, in r liaion to seedtoriCe changCs at thC suheCullular evel which lead to genctic 
dtclerioralion in stored eed., especiailly during low-teniperallre storage, are imperfectly 
undcrstood andIresearch is nCded in Ihis arC also. IBPGR will he stinulatin such research. 

I0orumam Y 
Secd dormancy isa prohlenl in gcenchanks as it interleres with germination tests. Dor

in;tiliC
Smoe cinommon in wild materials, in particular aliongst the [Orn2ges. IIBPGR will be
sl pportin g research on seed dl IrnIraincly tIeveh)p inriproVed ItcIiIties or olever.olilrg these 
problemis.

Maintaining gcrelic inlegrity is essential durirr rcgeneratioll of gcrnirplasm samples, 
especially in cross-pollination Crops. The process involvCs an niLdC'slandiri, of hreeding 
s'Sterlis and pollination rireclhanismus of the crop species inid their wild relatives. IBP(R
intends to carry otluiivestigations which will !ead to pragiatic gtiidelines f0r isolation and 
po(llinaition control. 

(onclu sions 
IBP(IR operates on ;Iglohal scale. Ilowever, Asia and the Pacific contain some of the 

%orld's most important crop genetic diversity. (iollecting and conserving these resources 
remains critical. and IBPGR is cormnmnitted to accotmplishing these tasks. To hack these 
activi t ies, ins Ihave said, IBP(GR is Ultirne niore dLIV"inrcl ireas of stralitCic riesCach. Much 
oflthis research will he directly relevant to tie particular prohlcrnis of Asia and the IPacific, 
ind I3PGR isdeternined to sc solutions that ar applroriatc to local conrditions colin out 
oflthe projects. Ihope thiat this outline (if our internaitiornal interests and activities hals given 
yoIlsoie idea of Ire current direction ofll 3P(R "sprorinils anrd updtslils what we prcscnltcd 
7 years ago. This confererce will hle reportOili inch i( gO1rCss Selltine ailanti will he pre 
CenotinrollS a111i0ItI of inW arid valuail infornation. t isucontinute to work togeltler, 
devclop new utliderstarldirngs arnd devise fresh approaches to rilucl-iceded planl genetic 
resoiurces work. 
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Recent development of research oi crop germplasm
 
resources in China
 
ID )N( YI SI IN 

h iswell-knoIwn thal CIhina isvery rich in crop germplasmn resources. In the recent years, due 
to tile grca importance attached by government to crop germplasin, great progress has been 
made in the studies of crop germplasrn resources in China. 

I I978. the Institute (,f Crop (eruplasm Resources (ICG(R) of tle Chinese Academy of 
Agricultural Sciences (CAAS) was established. From I979 to 1985. several research pro
grats f0r the exploration and collection of niationwide crop gernipla il rcsources were 
fulfilled, and a national genehank for lon-ternll storae is \%,el as other provincial cenehanks 
for the inedilil-ern storaCe were foundeld at same tlie. Research works on idenlificalion 
and evaluation of certain crops have bee started. And aiprelirinary natliomvide network for 
cooperative research of crop gerrnplasn resonrces has been established. 

The system of crop germplasm resources studies in ('hina
 
In China, 
 tle research \works ott collection, conservation and identification of crop 

gennplasnl resources are rnainl\ carried out h the National Academ ((AAS) and other 
provircial acidemies of agricultualI sciences. IC(GR is in charge ol unified coordination ofnationwvide crop gernllasii research prongranis. Research departnients oflgerritlasti iin other 

institiltes oI'(A/\S beia. the responsibility for perforrirg national progratis for ielated crop 
research. The acadeIties of aericuluraf sciences in each province, city and autLitinotnoIs 
recion have their own institutes (or departments) of crop gernipasii resources, which are 
responsible for ierl'Oming lheir own provincial research projects. The main tasks of each 
research unit are listed below. 

1 I 	 IItri: (): Crop, (0 :wwi..\s,% Risot ircims (CAAS) 

This Institute is responsible for 
I) Organization and perforniance of nationwide key research programs: 

(2) 	 Exchange of crop s-ennplasin resources with foreign countries: 
(3) 	 Long-term storage of crop (propagated from seed) germplasm for the whole country; 
(4) 	 Collection. identification and evaluation of grain crops and grain legume gennplasm, 

medium-term storage of this crop germplasm from some provinces and abroad. 

I)t'ARTI- NTS OF (ER MIPtASNI Rt[SOt R('FS OF OTtHER INStlF'ltS IN CA AS 

I I) 	 Organization and supervision of important research programs on related crop 
gerpltasm resources; 

(2) 	 Medium-ternr storage of related crop germplasm from some provinces and abroad. 
(3) 	 Collection. identif'ication and evaluation of' related crop germplasim. 

INStITIr1Tms (O t)Ft'ARTMINTS) OF ('ROt {ERMt'.ASNI RESOURCES IN PROVINCIA. ACADEMY OF 
A(;I t RAt S('II-NC-S (PAAS) 

I) Collection and medium-term storage of local crop germplasm resources; 
(2) 	 Fulfihnient on research. identification and evaluation assigned by ICGR and other pro

f'essional institutes in CAAS; 

w 
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(3) ulfihlnent on provincial progranis. 

NA i NO\NII irsi \Rt ii NFl \\()RK 

IC(R ik linked wi dcpariments of gerniplasm resources of other institutes in CAAS by 
providin guidance and 'upervising the programs assigned. ICGR also provides guidance to 
provincial gerllnplasin research units. 

A ral ionss idc coolpcrat c research network in respect to crops isorganized. There is a unit 
responsible for each cropi as follow". 

Rice 	 IW'( R and ('hinese National Rice Research Institute, CAAS. 
Wheat. Maize I'GR.
 
Millet I('(R.
 
(Grain lennies I(;!p
 
Sorhnllil IC(R ai d Liaoning AAS.
 
Barley. Broad hean Qiig',,,ia: AAS and Zhejiang AAS.
 
Oat. Buckwheat Inni Mongolia AAS.
 
BIruocorn millet Shanxi AAS and I-kzhao League Institute of Agricultural Sciences,
 

Inner Mongolia Autontonic Region. 
Sweet potato Xuzhou PIrCfeclural Insiltuite of Agricultuial Sciences, Jiangsu 

Province. 
Potato Keshan lrecCtuRial institute of Agricultural Sciences, Heilongliang 

Province.
 
Cotton hIsitutc of Cotlton, CAAS.
 
Oil crops Institute of Oil Crops, CAAS.
 
Ilast-fibre Institute of Bast-fibre, CAAS.
 
Sugar beet !nstiule of lSugar Beet, CAAS.
 
Vegetable crops Institute of Vegetable Crops, CAAS.
 
Fruits 	 Institute (If" Poriology, CAAS; Zhengzhou
 

Institute (If Poniology, CAAS and
 
Institute of Citrus. CAAS.
 

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

Institute of Animal Sciences, CAAS. 

The units responsible accept research iptJects fron ICGR and fulfil them cooperatively 
with related provincial units. 

Collection of crop gernplasln resources ill China 
In the past years, two ways of collecting crop gerniplastn resources were adopted in China. 

One was to rely on administrative forces 1o mobilize the masses to help with the collection. 
The other was to organize exploration leans fromn research institutes. 

From 1979 to 1984. according to the instrucLti(Iis both fromn the Ministry of Agriculture, 
Animal I usbandry and Fishery and State Science and Teclinology Cornniission, apopular
ized and extensive collection of crop g trnplasrt was performed throughout each province 
of' China. It was called supplnementary recollection, since there had been asimilar collectionr 
activity in the 1950s. About I(10 0(10 accessions of geriniplasr- from more than 50 kinds of' 
crops (including Sollle duplications) were collected. And f'or recording agroliolnic characters 
and multiplication, all the materials collected were pilaited in the fields of provihcial 
academies of agricultural sciences. 

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



irfoillied, -scha, c\jlorito01 dll"'d collectionl ofl-ro ermllplasm resourccs Ill Ytinllain alldFi 

lihcl. in lion1' idCl\pIor-tlionl and collc.tion ofwild rice. wild y .berry
 
(1 fl/Il/ill/i ,101CI )anld lorac Lra s.s, as \%ell as colleclion of applc and lear gcrillplasiit in 
niolhi\ -les.,oullm\ .'t l d easterin ('hima arid of peach 'eri-llpla sil filor northwest (hilt.
I hici \\' e also ses- ral L.(Ilcction pro' raiiils iil prlu\ inncual level such as collection of Wild 

kinldri,.d pdnil ill XinjiiaLc ,\nonmoinu,, r,_cions. ]TolallN. ahout 50(00) accessions of ciop
"Ciiplhlin \ en collcctcd. In the recent \cars. cxphnrntions and collections ill Shclnonelia 
Nhnllntinl, ItI lai~i lhalnd hccn nudl,'rlaken. Mclan\\hile. prograiis fiallmccd hy
IIi3I'( IRfor the Lollctioni of so ahcaliia Tri ic'n' have ao beceIn carried oul. 

I 'halil I i) .i. ci\ c liei od liIn olxofexplotatioll ii libel. hllis progra nI%%s performed 
h\ IC', ; inod tIhe ,.\cldncivol \ -ricullur.l Sciennce of Xiian. l(ilhet) Autonomous ReCiion.It hour seats,+ IIhe totall nis.tutvce t'splhntr notn was. 248 (1(11) kilonuetres (accttunilative). About 
7 ()()) 'icc.ssi imusof sted ,it 1samnples'and 14 ()()) off', cirriers of Craii Crops, oil Crops, hast-fibre 
pllnits. ,c.tablc crops, fruit trees. f'orage+ gras,. etc. ,weure collected, many of which are 
slahiatble, for exarnple: 

BareYistedyaidhdrativ 
Iarley is tile main crop in Tibet: it was grown widely and had great diversity. According 

I) the collection of' more than 3 00() accessions of cutivated varieties, three types viz. 
Ilorde'rn+Iu/llNar' L.. II. disl'ho L.. and I. ilicrnedilin,Carlet. were found. Of which more 
than 21(0 varieties were classified according- to the traditional taxonomy. Most of the acces
sions in the collection were naked barley, While the rest hully harley. Wild harley iswere 
disIribied in a broad area which was classified inrIto tWO grou ps ia mel y . II.plnitant,1w C. 
Koch. arid II. a,,riocruhur Aberg. Wild barley could also he suldivided into two groups
accorling to the length of rachilla. Several types of barley collected have not been seen ill 
other parts of the world. 

If heat 
Wheat takes second place in Tibet. About 2 500 accessions of cultivaled varieties were 

collected. Most of ltheml were "I'iticunaesti'uIou L., the rest were Tr. colpJacturn I-lost., "T'. 
turgidum I ... Tr. durumn Desf., T. polonhiuum L., and '. turanic,,t Jakubz. There was a 
hexaploid wheat, with spikelets freely separated, which was narned 'T. aestivun. ssp. 
,i/ticiurn ly Professor Qiquan Shao. 

Bi w.'heal
 

Buckwheat was distributed in abroad area, with great morphological and genetic diversity.
More tlan 200 accessions were collected, including Igagolv'rum escidhntm and F. tatu
riU ., as Well as annual and perennial habitats ol' its wild species. It seems hat Tibet was one 
of the centres of origin of buckwheat. 

Rap' 

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

Bl'st-/i'eplants 

Cultivated species Cannabis sati'a L., Linum usitatissinun L. and Boehnieria niveia (L.) 
Gaudich were collected. Wild hemp could be seen everywhere. Wild perennial flax was 
distributed at an altitude of 3 500 rn above sea level in Changdou. 
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Frtit treLtts
 

Fruit trees inTihet were characteri/ed by Iheir great diversity, aged trees and wil (Iabitats. 

Speciuetn, collected included I81 species in37 genera of' 22 families. 
The mlainl cultivated frLit treCs were w\alnult, peach. apple. peari rape and poieraliate. 
IiZl.elon COtLIlt'. tSp)ecial S11tootlh ',hell pcitCh tree was found. which 1ad a,irctlnIelr

ence of It)metets and \\as I 15) \ears oltd. Several grap)e and poltiegranate trees more than 
2l10y'ears old \wCre also tould if] the sneuI <Cetit\. 

II a word. there are great \arieties of crops iII lihet. and almost all cultivated crols planted 
ill other places of'Chlit canle foItlnd ill At pres'it., tlaterials collected from TihelTibe. tile 
are beine studied inl sevralinstiltiolil. 

(onservation of crop gerrnplasn resonrees in (China 

conservationiof 
crop ge'Mr1+lasm re.oIres,. With SLIpprt frot1 tileMilistry of Agricutlture. Animal I lsahn
dr and Fishery. the Natiotnal ( ienie Bank at I('( iR waiis put int use illI9 5,ili which a storag 
of, nitore than 4f (1001) ac,. ssiots has been presere, at present. Another larger ne\\, National 
Ge'e Bank, wlich was partly financed 1W tileRockefeller l[onridatioi%wais bCun to0 lbebuilt 
inl 1984 arid Will be near future. More detailed irllorruatiOtli coticertlrrie ct Ser\t-

Since 198(s. a batch ol,iiolern gcnelanks has been established Ior ifet 

sed in thlc 
tiot carl be obtained front Professor ('hao-Yu,hiani ,'cha1ler. 

We plan to pitt 2(0)0)t)) accessions into our National ( ;ee Bank belore 1990. Sortie5() ))D)0 
aic'essons are rCltiired each year. Where does this large nuitber l'seeds Coltlie f'roir? As 
ntioed beflre, we have a riatitrtwide co-research group fit each crop which is itt charge 

olcolripiling a seed catalogue aid providiig a national accessriOI n1Ul1ibiher afLer tIe1etingIlthe 
duplicatiots. Then. accordirrg to tile ,eed recerreratior schedule, each medium-terri storage 
prmnvides seeds to the National ietie Bank. 

Identif'ication and e,,aluation 

Il (tina. most of, the airorionic and morphological characters of crop germplasi 
Collected liaxe Iben oberved. and extensive evaluation of characters has being started. Ill 
recenl years. evaluatiot of resistance to diseases, insects and stress conditions arid quality 
tial\ sis have also been made. Now. I shall cite sone oflite related projects Sponsored by otr 
Ilst it ute. 

VARIFTHIS OF RUtlRI sis I \\('l Ii 1Ttti I).SEASSl- AND TWO INSECTS F(-ORFORIt(iN tt 

I rom 1978 to 1984,evalltuatitmo'resistance to diseases vi x, bacteria leafblight. rice blast and 
xellow dwarl, as well as to two insects namely, rice leaf-roller anid brown plant Ihopper for 
3 5 It)accessions (if foreigrt varieties was carriCd out cooperatively by 15 research units itt 12 
provinrices, cities and auitt ittoiotius reg io s. It was fourid that there were 186 varieties lI rice 
resistant to[blast, 161 varieties resistant to bacteria leal blight. 39 accessions resistant to 
yel low dwarf, 142 accessions resistarlt to brown plant hopper and6 accessions resistarIt to rice 
leatf-roller. AbouIt 130 (0)( records incIUdirig all tile above- menti oioed data and 37 itents of 
a rntomic character descriptions have been printed, aid are available i(ow. 

0 1 1It .\NoF OF uRICEI )lilt 


Froim 1979 to 1985. about 2 700 accessions of rice were screened for cold tolerance at six 
growth stages i.e. seed germination, seedling, tillering stage, meiosis stage, flowering stage 
aI'd milky stage. Results arid Methods employed are listed ii tile following table: 
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Iu',I ,,a~uNtknW,,,.1 (If C.old- Temperalure ("C') 

lolerani' ri c 
loll111 IC11ia 79 Uil~ 

ourmlin 7') I I 

,oc'IntI 168 12 and 8 
i Im'iiw 146 17 

I-hv.CI ill" 
116 
2011 

12 
15 

159 

I atc mm ingial different experiment stations 

The tollowing are elite cold tolerant varieties: Zhongxin 134 from Japan was cold tolerant 
at five growth stages. I loixuan 5 from Yunnan could flower normally below 15 'C and Cer 
21 l'm Zihej iang has high heritabilitv of cold tolerance. 

Nih!!!I l ISI! m'\'m..IlISI 

Fromii 198) to I1987. with the participation mf !3 research units from 7 provinces, a total of 
17 9,2 accessions of' nillet was evalhateo. The :sultI showed thi 345 accessions of rillet 
v, rc resistall to blast, which wkas 1.9/,r of the total ,valuated accessiolls. [he varieties highly
rcsistalt to blast and with excellnlt coltprehem:Ive tlraits were Ming1chuan Qinggu (from
Ilcall IProv'ince). Zhao nong I ftrom Innr Motngolia AnutornomI ous Region) and Gonggu 6 
(lO Jilin Province). 

I \ lI \ 0lI\ (it \%VI AT IRI[SISTAN('iTO RI'S;. I'\'I)W RY MII.D!W ,.\NI) YI!LO W I)VARF 

Thi,is pro jct is responsible to the Iinstiute of Crop Plant Protection of CAAS. From 1983 
to 1987. about 3 529 accessions of'domestic wheat varieties and 5 243 accessions of I'oreign
varieties as well as 7 17 accessions o' wild kindred plants have been evaluated Bly iUsiig
Chinese physiological races of pathoi'en. 5 nurseries with respect to strip rust, leaflIst. stem 
rust, pow\dery mildew and yellow dw .i-f were set up. Several varicties resistant 1 rtS were 
isolated. Most of the A iheg)loS aceCsY'iois Were['fo1und to he reSistanl to powdcry mildvew,
whifle accessions from ,,Agroly roTand Leluls weef 1t'1und to be iesistaic t ye 11ow dwarl'. 

In the near' future, research works on CvaltLion ol resistance to diseases .ind pesIs as well 
as tolerance to adverse conditions will be cottin ucd. Cytogenctic and biochmical studies 
will be also mdertaken. We appreciate cooperation with niany experts and scicntists from 
all over the world in the field of research and evaluation of crop germplasm. 



CII1APTER 2 

Recent activities on genetic resources in Japan 

S. S(KI Nl) S. WAI'ANAIIh 

The importance of genetic resources for the increase of agricultural production, and finally
for promoting human well'are, has been etphalsi'ed ill .apan in recent years. Althottgh it is 
lnl _as t( colceill'lt.t the 'Lunds and Illlnal o\\ ,er needed to raise activities concerning
genetic resources in ashort time, soie progrcss has been made in several aspects pertaining 
to this subject ill these ,ears. A collbitlcd Cff€tt has beel nulade lo collect, preserve and 
cvalualte genet ic resources hv t ei or Inll paI agenicis priv'ale seclorsitics, prefcctutral l 
ts well its by MAF" institutions. ,\n incrcase ill public understandill" adl interest onl the 
,,bjects has bcetu helpilg greatlv the rcCIt mo\C to stinlltlre tis treld. 

The MAFF syslein 
In I)ecember 1986 the Genetic R'{esorcCs ('Cltrc of MA ,I:.composed ol I( laboratories 

ill 2 departments, was estialishcd ill NIAR, 'lstktla. The fIonuer Departmentl of Genetic 
Resources was reorgali/ed alnd strentgthelled by it siglificant incrcase ill salfting. l)epart
llelt I takes charge of, research problems oin intrltlttlion, evaltlitioll 111( iifollrationll 
m11anagement. Department II is tot pr-eseIvOtio and its research problcmIIs. Snbjects covered 
include not only planI llatrials tI also Illicr aisrntIs ,rad andimal gCriplasiln. 

A I(U-year plan ol'the MAIee(;eic Bank Project started in 1983 to Ieet urgent deinard for 
itro.lfuctiort, prese r'tllion, evalua tion and dcuicmuentatliol ofgenelic resources among MAFF 
research instiutions. It includes platl, nicroorganistn, aninal, tree and fisheries organissris 
as included in Table I. 

IAItLtE I The NAFI (Genetbank System. 

Board for Council for genetic 

MAFF genebank resources 

To be covered by new facilities 1 

T i Center Bank. . ....... ..... ... 

Plant genetic 
resources (NIAR) i 

Microorganism 
genetic 

resources (NIAR) 

Aninat genetic 
resources (NIAI) 

Tree genetic resources 
Kanto Tree Breeding Sin 

(Forestry & Forest 

Fisheries 
organisms genetic 

resources 
I Products Res. Inst.) (Nat. Res. Insi. 

- I of Aquaculture) 

Sub-kinks Sub-banks Sul) Sub-banks Sub-banks 

Ri.'Sarch institutes Research Researcht Research Research 
Seed Producting tarlns irstintures institutes institutes institutes 
is c ,t ck Breeding Sils Livestock Tree Breeding 

Breeding Stls Sins (except 
Kanto Tree Br. St.) 

SI.\:R Niml l Institute of* Agrotiological Rets'oures 
\1 \1 \,iio l tifirii, o imalditIntsirv 

0 I;~~ 
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Cotliinile lile
"bellc..l nlv to plants. Nli\R', Gentic Resource,, ('enter s Ito s.rve as I

('Centcr Bank. and. i" espctctl topla\ it in elltill
alliilg role Coot)er'ation Ilroillile reladt
ort:allli/atittlls sl"h\,n in lable 2.A" loi' reccarch instilntiotn,. ilew National ,\eiricnltnral

RC'arch ('enter. 5 R1,0inal A'riCtlthlral Ixpcrimm Sttzi, Natioi al Institit of;' aiss-

Ilnd Rc'-,eaii. ,ee[lul I cRscairch Stalion. Natiliail Re earch Intilte of Vegetables,.
(0)ialliclitin l l'l~tili arlufI Ica. tI'i'IiltIral l\pr'riillli Stationi alt l'ropical A riCUnlturC
 
ReserchC ( 'tI r c't tpci';Iili SuIb-iik, cms cri it 1lIe'
it' a,,SII -claiti~m I}u ,;l~t{ll 	 speci ic clrtIo r i'o}lilal levelstiIIlI0I'II ,,.,, lti' tIl-,.,utilli- ,.',iltuIC (tIc'l01Cl Illilicri.'lsl "+ce 1]1u1tipli
Ca';li{loniull ll ail lil}/m~ prcu,,ur; l l] I[I } ,, ioutlicLmu,. 	 lotrTlhe National (Cillcr 

SCutt, d ldStcC(Illm--, \,\it ISIilliollII .lll}tlI :I
h ItI, 13 1II~ I 1 oh{t1i,2h0II( 3 Naiti{ona I, ,,Iol{{.k 
Ir''titlu S tilItNI, JIt' ilso11-,aricl~ I illPilllteN1A I ( i: t' In ii k Irojectt illtilt c\Aiimtoi.,


',eCd riIlti}j'iCaIioii arid /()-Cr
pr Mi'rvtti tilt1 i ltipli ,Ctti of \,i cti.lIkc' plit ,.I rlursit..ts, andIl eees an I tlolil' l11ri'c scori a ltCtt ll \\ih MAll' toefficientlll t'coll'ct, prescrve arid itutili/.Jl reuci 't t'ictut' YiC tic.U for tle bIC it of1Iitttioial 
als	xcll as initernatioial wlfkir.
 

Practical aspects of' this irjot.l ar' oriilt 
tt tts,,;irl, 12 sIblid i ioils, of'cc p spc,it.s or
 gr'tlpS, nam ely, rice. ,wclt/ 
 il 	e\y'. tatoit ,lil,,..,,c ',trill irail,.. il allhuttoii /iiltnstiial

c'rt ,,0) e crops. Irees. \ee nhil
.'i.f fruit iles. m i-;iiiierit~tl ts.i c';i. iiluhrr'v antI tntdlpicill 
crops. 

Tvelve curator's telolring to \arittns research iiistittitjtrn, have It' aplont for caclhbCi illiii 

of' these crop species Or 2r0uIip 
 in order ito prepare priposils f'r exploratii al+d collection.

long-terni inteig.rated evallation alld I.OhtirIIlltatiotri schCme anl fr nov,,el bntalal sLgges
lioIIS r 10 reviCes, 1t11StaIs of' preservation f'or tilealllla report. 

'ollection 
introthurtion and collection of"genetie resources isa very important issne iied for islaind

coiUntries especially for those with small and intensively leveloped land areas like Japan.
I lntil recently introduction of' gentlic resources Japall
ill his bCn tildCr SpOiitnCOlnS
movements starting fronl initiatives Of inuividual scieintists. For example, collections of' 
ssheal llndits relatives at Kyoto University and] that of" Iriley at ()kayama I Jniversity are
wrld filmou1tls and illporlalll onles, but noim Jor systematic tliple crop collectiis inenll 


been reported. 
Research has been goning oon to hielpcenilectionl strategy'. ClassIication anld genetiCanaly'sis
of' various characteristics oilphysiological and ecological levels is opeiir 
 a new ioriion.
 

Lxaimples are givenelsewhere in this book.
 
inphas is has beci placed oil tile inportanlice of'o{collect iol in reeitCars. arid,a llowed


by the initialtive ol'th Resonres Surveyine,Commie
i flhe Science a dTeclinics Agency,,
Priime Minister's Office, a report oil the availabhtle means f{br the aC.(ltiisitit oil olrganiisnIIIS fo'r 
gene resources was a111i0LIIicCCI inl 1984. 

The vorldwide trend o' geneltic .losion, illwhiclh biological lesonres are being lost by
social as weil iseivirnilental reasons, has been str'essel and the t.roviig iiportince aind 
sigiificant improvemniit in biological potenlialily of' reSoLrcs haveInew ICi SlrVCyed.
Priorities iii clle t o } ,t'l.sou'cs fir thte coilill. years have been discLiSsCd (see 'able 3).


F'rom the standpoint uifrescar.h and utilizationi 
 value, plants aiid their wild relative. which
have potentialities to slIii charaiteristic,'s corresponding to variott s research or iritStriil 
purposes should ie considered. While. fronr the standpoiit of' securiig latent giTletic 
resources, plants thti hiave high poniiliOr 'ultre utilization are to be cxamiii ned.

Considhering the above two points., the fOllOuwiig Stanidards Must bo kept ill iiid whl
collecting: I ) plants which are compiletely endangetLiari llld,Ilelost 'orever, 2) plants
whichire distributed llainly in th leareas di flicult to reach, 3)indigenous plants or those that 
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TAIIE 2 Plant genetic resources systemn in N1AFF. 

Su i BAr',;K.s
 

Research tinon 

Collection Evaluation of Ne\s Materials 
* Ikcscrs':itionPi.'sllvtin of Seeds ... ...... . • Detenrnination of Breeding 
* Preservition of Tissues Materials 
andlt(Cell, . . . . •Seed Milltiplicat ionlMianagement of (;enetic Resources " Preservation & Multiplication 

and theii of'Vegetative PlanitsInfornation 

NationalCenterforSeeds & Scedlings 

National Livestock Ireeding Siations 

Evaluation of Specified Materials
I Seed Multiplication
I Preservation & Multiplication 

of Vegetative Plants 

Universities & Colleges 
tDomestic Private Companies 

- National & Public 
Institutions 

International Institutions 
-------------. Overseas Universities & Colleges 

Public & Private Res. Institutions 

indicates flow of genetic resources 

indicates flow of information on genetic resources 
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TABLE 3 Priorities for Crop Introduction of Japan. 

Standards I
 

Research antd uliiia;tott value
 
a. ()rganiNins valurble for research and tilizCd very frequently
h. Oruanit ,s suitable for utiliiation by agricultural. forestry, fisheries, manufacturing ,mining and other 

itidutri s 
c. ()reattisrtts ,uithblC for uiliatiotn for etlvironmlenttt conservation and other public welfare purposes.


Secuiitri ng latent gcnetlic rt itltriee
 
a. ()rganismN hasin high potettial forfuture titili/ation 

Stantrt ,,I 

to becotil ear 

()rganitrns maldistrihuted. dillicult to collect
 
()rcanisms inidigCetot to Jatpart 


)Oreat illtliahlc etlinct int futire 

or which have been developed domestically
)rgantist notbeite titili/idtodayv bitt 'ljict%crc w idely-useds before 

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

lireeding laboratories have been collecting materials for many years of course. We can cite 
two exatmples of' stematic internal collection: tile local rice strain collection 1962-1965 
througehout Japati, iC.fron 23 prefctures, and filelocal corn strain collection 1953-1968 also
coveritg major parts of Japalt CxcIltline I lokkaido Island. Over I 300 and 67(1 accessions 
collected by both proticts, respectively, have been classified and analyzed firotn the eco
gCOgralthical standppoinl and have been tised as itmportant breeding materials. Internal 
collection lIlocal +straisand related wild types is aai (if interest tnore lccentlland efforls 
have hken placed bv many group of universitiesc as well as by MAFF. 

International expeditionls are only p ,s;ibleby research cooperation with local scientists. 
I lclped hy this ctooperation. we have received over 6 (1(1( precious genetic reso1i rces frotri
various, parts of the World fnr these 6 years, relating only to MAFF activities, as shown in 
Table 4. We cxiend thanks here again for their generous cooperation. Japanese scientists are 
also taking part iti II)GR international expedition groups recently in various areas. 
supporting IBl(PGR activities as stated in its Annual Reports.

The exclnarnge of already collected resources ill quantity with established genebanks is very

important inassuring a safeguard against unforeseen accidents and also in widening the
 
availability ofl resources fktr potential 
use. Contact has been launched with CIMMYT,
 
AVRI)C, INTSOY. 
 IITA and CIAT itoextend this program. 

Preservation 
Preservation (l'standard (orthodox) seeds seems to have been well standardized fora long

time, while, with sotme co promise, teniperature and humidity of many seed storages are
oftln managed at economic, hut hardly sufticient levels. Recently a proposal on the use of 
liquid n itogcn has been Itigll ighted for the sake of long-range economy and possible genetic
stability during storage. A small experiment has been initiated inNIAR to test its potentiality.

Preservation of vegetative plants is perhalps facing a revolit ion now. Space and labour
sa ving dwarfing techniques ftOr iel preservation, by special root stocks and/or growth
regulating chemicals, lias been drawing attention. Still more intensive econonization of in 
vilro preservation may iced soiic Io re time to be standardized in teris of'growth regulation,
cointrolled regeneration and also of geil'tic stability. Several research projects in Japatn have 
been reported to be working. 

Universities and institutions in thte Ministry (if Education hold soime ittportant plant
collections as seen in Table 5. lhe wheat aind Acg'iisocollection at Kyoto University is 
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IAItIiF 4 Plant introduction from a)road in recent years.
 

Year Area Target plants Numher of accessions 
981 Iv r ('oast. Inlia. Rice (wild), Sorghum, 930 

lP.Jha Nc%%(;uineai Taro. Yarn. etc. 
Solomon Is.. Fiji 

1982 lu. Iram.ic Ryegrasse,. Alaldia. 130 
1)83 Ilailamnd. Il.ao . turkcy. Egypt. Citrus. Soyallhe. Peanuts, I 240 

lIgIladc',h. Indonesia, Mexico,
('qi,ta ia. 11eri. Bo~livia. P'hilippinles 

Vigna. Wheat(wild . Ricc(wild),
TIomallto. lhinewo. Pumpkin. 

I)evil's tongue 
I984 India. I'lhiland. Idmnesia. Tea, Grapes, Beans. 1 770 

North .m\ruerica. Korea. New Zealand torage plants. Rush 
1985 F'ast Asia. Soutlh Iuope. Wheat. Barley, Heans, 980 

A\lgentijim Root crops 
198, 1tMrocco. Iortuigal. Spain. Rice, Forage plants. I 090 

Thailand. I'eru. Tanania Vegetables, Root crops 

Total 6 140 

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

Trce.s and wild plants mainly in vegetative form are preserved in botanical gardens 
aTiliaCd with tniVcrsitiCs or the Ministry ol'ldLcation|. Forexample, Koishikawa Botanical 
(Gardenof Tokyo University is noted for preserving more than 6 000 species besides its 1.4 
million herbaritiml specimens. 

The Medicinal Plant Research Station inlTsuktla affiliated with thc Ministry ol Health and 
Welfare holds over 2(0(( medicinal plants in secd and/or vegetative forms. 

TABI,.5 Major crop collections in tlniversilies of' Ministry of Education. 

Kylo Iniv. 	 Wheat & its relatives 6800 
Maize & its relative 800 
Other cereals 1200 
Vegetables 595 

()kayama Univ. 	 Cultivated barley 4538 
Wild relatives 	 271 

Tohoku Univ. 	 Brassica spp. 315 
(total) 	 652 

('hiba Univ. 	 Ornamental plants 
from Latin America 300 

Nat. Inst. Genetics 	 Or :a saliva 3974 
OPre'nnis. Asian 203 
O.glaherrinla 279 

Toyatna Univ. 	 Sesame 389 

Kagawa Univ. 	 Vetch 152 
Vicia spp. 220 
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MAF[ institutions isreported as 121 60(0 at March 1987 (see Table 6). 0t1 or 95 70samples, rice. seedcheat 
\'ectal les aid beas 

and barlev ad forage Crops all have similar frequencies over 20(00.are ahout h orall.eeoll 
 25 90) vegetative plants preserved, forageCro)ps aid frlil Irees are more importanrt, followed hy roBecanse rsource and tuber crops and tea planls.a,1e heei preserved not only i) tihe ('enter Bank bul also if)Various SulbBailk, arounl Japan, reduidancy in the accessitn was observed rather frequently at first. But[hI', redunldancy haM,[ccCi reduced so we think that this total nurruber of 121 60 is now veryclose to heire related to unique accessioiis oiily. 

I .AIt ., I PresenI stat us i)reserti nIof' lant enleticcl' resources in Japan (1986). 

1.,
pe oi Crop species No. of accessions
hcL'servation 

preserved (xIt-)
Seed Rice 
 211 

Wheat & barley
Beans 234 

Vegetables 100 
123Forage crops 
229Others 
60 

Sub total 
957 

Vegetative 
 Fruit 

crop 61
Tea 

40
Root and tuber crops 45

Forage crops 


62
Others 

51
 

Sub total 

259
 

Total 

I216
 

Seed samples stored at the Center Bank, NIAR now amount to about 50 000 (see Table 7).Duplicate storage of base collection like wheat and Aegilops registered at Kyoto University(6 433) is include here. Rice. wheat and barley are most important, fIollowed by beans, foragecrops and vegetables. The niechanized seed store built in 1978 with a robotic handling systemwas designed to house about 50 000 accessions. Faced with nearly fulfilled capacity, a newgenebank with a ro(om for about 150 ()((0 accessions is trider constritction on the NIARcampus. The robotic system isstill being improve(l to save storage room and cost. Advanced
researchi facilities and storage for DNA frag inents, microorganism or animal germ plasin are
also install.,ed in the new genebank. This will be completed in December 1987.On accepting seed samples from outside. seed gerininability istested by the ISTA standard
l'ollowing the routine of the (ermnplasn Storage Center of our Center Bank. Alter adrying
process (25'C, 15C1 relative huinidity) for about 10 days. seed moisture isreduced to about
7-817. Then the sample is divided ittwo. That for long-term storage. taken ott only fiorregeneration purpose. contains seeds that are vacuumn sealed in one or two 180 ml hernieticcan(s) and stored under - I10 C. 301r RI. The other part is stored inspecially prepared vinylbottles, transparent ard square, under OC. 301()RHI for (listribution purposes. Gcminabiililyis checked every 5 years by a stratified sampling technique to assure viability. Decline ofgerminability to under 5()/ or decrease ofquantily by' distribution will initiate fhe rejuvenalion process starting fromn the original seed lot, selecting appropriate Sub Banks as for cropspeciality and environmental adaptability of the accession. Initial genninability is veryimportant for the longevity of seed, so, we are concerned to get good quality seed fior
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prcscrtvation. Atlition s paid to the initial seed gerninabilitv of accepted seed samples. 
Distribution Of Lcnletic reourl.cS has lon hen limited to natiolal public researchor 

tranlJ/a.tl~ol but it \ as Iadc to opeito anb)o(d including private companies Or research
uSC (,ihm r,10(.\C no\, pubif ish the list of available genetic resoturces, the lteust edilton 

of which pnlishd on JlyiI"v987iniclndes 42 125 acccs'ions of 230 plants species. l)istribu
tin 'i/C is ti\Cd [or each Slecics at ahot 50 Irains for soybean or maie to 200 fOr small 
seeds. 

rA.LE 7 Present status if' prseresation of plant genetic resources as seed at NAR 11986). 

,pccces('rop No of accessions preserved Ixt1:) 
Rice 123 
Wheal & harley 185 
Ieais 62 
V.getlahles 35 
I oraie crops 55 
Others 39 

Tutal 
 499 

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

IAI.t; 8 Number of seed accessions accepted or distributed at NIAR in recent years. 

("aCtldal Presr\ ed Acceplted Distributed 
\Call accessiOns accessions accessions 

IQ83 340125 2777 4 167 
l194 35 793 t 768 6933 
1985 3891 2 298 6510 
Ill(' 42 125 4(034 7 141 

TAIE 9 Accessions distributed as seeds of genetic resources at NIAR (1986). 

No. % 
Rice 1 483 18 
Wheat & harley 2 731 33 
Bean,, 3 2(5 38 
Vegetable crops 6(01 7 
Forage crops 212 3 
Others 1410 2 

Altaccessions 8 372 I00 

Evaluation and documentation 
Evaluation of genetic resources isof prime importance in making a large collection available 
for wide use. Specialists of somc crop might know the potentiality ofa certain accession only 
by tihe namc or by place of'originm, but when a result of primary evaluation is recorded, anyone 

http:reourl.cS
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caln select the i'git material for breeding. Recent advancenments iii biotechllology ha.Ive 
broadened the potential users of' genetic resotrces for various unexpected purposes, so 
evaluation data callpractically help develop hidden availability of resources. In tile MAFF 
(;encbank Systero. the manual for primary evaluation of iIptlanl crop spCciCs has tneen 
conpiled and (listriblled to reliled research institutions and farms lor practical use. Itere 
primary evlUatlion6 nireils r mainly imorphological or physiologicaliueaSUrellelit or ratinig oil 
Irailts
cas, to evaluiate and also stable for.places and fItV'ears. [or iltore comn plicated but 
important characters which need care or expertise to llcrasnre. such as siress tolerances,
productive or adaptive characters or chemical contents ,1nd others, cropwisC 1iiluils for 
standard evaluatioln llethoIds are finder prepalrallioni. 
Iowever. it is not an easv task towro v a large number ofaccessions at one lile for primary

evaluation, so dala fron separate evaluation trials fkllowingr some standards are being
assembled to ict ,, in:gr:,te, tls,,:in a lommrang,,- plan. Table I()shovs an 
outline oh' tie evaihlatiion a.id doCinlenlaltion process in ileMAFF lGenrbank Pro,,icct. There 
have [)eell several separate data bases Cf various chiaracteristics before 1984, but data 
following the standard manual have been cormpiled since 1985. Some of the data taken for 
I)85 and I still need standardization to be created into the integrated databases. All these196 

databases are low open to related scientists through the MAFF Computer Network for on
line retrieval. 

TIALE+I I0 Evaluaiion and documentatlion of collected genetic resotlres. 

('rop riflrore No. of accssiorls t)a bases created in 1985-86 Total No. of 
indalabases evaluated accessions 
(until No. of accessions No. of'databases1984) 


Rice 9 178 31135 I 12213
 
Wheat& harley 9(623 3449 
 3 13072
icains 437 482 I 919 

Poil:io 368 845 I 1213 
Foragces 3 876 654 9 4 530
Frlit iree 797 492 It I 289 
Vegrahle t 090 167 3 1257 
1towers 184 50 I 234 
"1'¢ I 730 0 0 t 730 
Mulherry 91 195 I 286
Micellan.ous 429 0 0 429 

Ilotal 27803 9369 31 37 192 

Specific characters like stress tolerance, electrophoretic zymogram patterns, enzylatic
activities, or ainino-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 
mainlv in the f'orrm of ficld notes or in minieographs, so a move is now being taken to compile 
thesc aid attach lhem to the integrated databases. 

Plassport data have been processed to construct the inventory database and those of 
accessions throlglhout di flerent Sub Baniks of the MAFF Genebank Systern were reported to 
the Centerl-Bank. 'h'hese are now uder careful check and will be ready to be iierged with those 
of' accessions in tile Center iBank in a while to establish the integrated inventory database 
throughout MI A FF institutions. Tihe Science andTechnics Agency of Prime Minister's Office 
has been plainirg to establish a nationwide database of plant inventory through institutiotis 
of MAFF.universitics, botanical gardens and even of private companies inorder to help 



G(INi'IT'I R&M(LTR(,S A(TIVITIE*S IN JAPAN 2) 

efficient utiliZation of precious resourcCs 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 

So1c of the collected resotirces have beell LitiliZed very effectively in plant breeding in 
recent ,ears in this country. Inlroductiol. collection and preservation of large amounts of 
.encel ic re sonurces need i great deal of iiman power, investment and funding. These can only
he raliOalii/ed by tihe successful LtiliZialtion of resources in plant breeding for the welfare of 
whole mankind. 

Traditionally. transfer of genes between organinsM Ws only limited to .,exualcrossing and 
chlolosoine pairing. Useful genes in collected resources could only be transferred by
crossing. But remarkable progress of biolechnology in recent years has opened new 
possibilities of gene introductiol through asexual f'usion of cells or even direct gene 
e gileerinig. Utilization of useful genes ingenetic resources is low not limited to the range
of inlerc'rossing groups bilt extended to aly orgaiislls in life. 

Utilization of exotic genetic resources in plant breeding has become still more active 
recelitly. Yieldi ng abilit issometimes nLch improved caused by leteiosis effect using wiild 
relatives in several crop species. Specific qualify character like starch content or carotene 
content in exotic gerniplasnil was efficienily used in sweet-potato breeding. Protein and 
aiiniiro-acid conlent in SO(yabean were tIhoroughly screened in doiestic as well as exotic 
collect iOns aiid isolated variants have beell successfully utilized in breed iig. Soei enzyme
defticient nutanl strains screened out of very iiiany accessions oi soyalean are expected to 
yield new cultivars without an inpleasant simell in cooking aid to revontiionalize soyabean 
conslltiol in the diet. 

Tolerance to excess hunllidity or wilting by some virus disease has been transferred to flew 
cenlivars from exotic gernplasn located af.terscreening ainliong a large collection. 

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

Because it is proposed to discuss nainly the successful Litilization of'precious and in sonie 
sense very expensive genetic resoLrces, several presenltations on this topic will be thoroughly 
reviewed and examined in later chapters. 

International cooperation 
Genetic erosion has been going oil rapidly in the developing areas inportant for genetic

diversity. Need for genetic variability in view of' research and industrial Litilizatioin is also 
clainled 1o be urgent. DistribuLtion of these resources does not always overlap with that of 
availability of advanced techilogy to develop these resources. International cooperation 
guiided 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 I I). Some Japanese specialists have been participating in the 
IBPG R missions for expedition in recent years. Japan iscontiniiously cooperating with all 
supporting IIBPGR activities. 

NIAR and cooperating iilslitutions have been holding a training course (il genetic 
resources sponsored by JICA since 1982. A general outline of the course isshown in Table 
12. Unti I the 61h 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 sone Asian countries and also planning to extend its activity to help 
related research cooperation aniong these countries. 
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'AII1E I I Genetic resources designated by Il(P(; R for preservation. 

I,situtions Plant genetic resources
 

N 1A R 
 Maize. Whet, 
Banrey. SNscet potalo, 
('rci.,rous crop , 
A liUi sp., Sugarcane, 

'igna, /*.%( il. 
Panliilm Cn.(hh,'i+
 

I-TRS Auantiodeae
 
University of Kyoto ritiuh 	 m and Aegihips
"'ohoku University 	 Cruciferous crops and wild species 

TAtBLE 12 Current plan of the curriculum. 

I j;eneral Orientation at lokxo Ilnternatioial ('enter, JICA (one week). Introduction of Japanese culture, 
history. geography, etc. 

(2) 	 Lectures of researchers f NI AR and other institultion of Ministry of Agriculture, Forestry and Fisheries 
and from un iversites (thr ee .ceks)
 
I) (enetic resources iii the Nlorld and Jnlternalional cooperation
 

(ii) Principles of gL'rmpasm exploration and collection 
(iii) Test of seed gcrllnillahiiity
 
(i5) long-tcrm stforlige of' v tatti\¢la, propagated crops
 
(V) Mangllcent.lt of illl'ltllatioton I elnetic resources 
(vi) )iagnosis atntl trcatlmlellt of %iral diseases 
(vii) Productitt of vilis free stocks 
(viii) Maintenance of germpllaslls by tissuec.ec. 

(3 	 Tcchnical practices gouidcd h%instructors from inslitttions affiliated to the Ministry of Agriculture,
 
Forcsry attd Fisherics (Iwo wceks)
 
(i) Seed testing 
(ii) Information processing in conputers 
(iii) Plant tissue culture
 
(i%) Productlion of virus free scions, etc.
 

(4) 	 Individual training and report making (two 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: meastres to monitor genetic stability will be one of the important
research items in the near future. We plan to increase our field activities through cooperation
with local scientists to collect endangered resources in Asian countries. Lxchange of stored 
resources for evaltation and utilizatIion is to be promoted more extensively utnder mutua 
understanding. 

hIformation if good quality should be aimed at through easier and more convenient lorms.
The list of available accessions is to be revised to incorporate more in'o-ination useful to 
user;. Information exchange on the availability of resQurces as well as evatluated dala shtotld
become more accessible through floppy disks or data comnunication lines. In the near futu're 
we may start distributing useful genes in the form of DNA fragments in vitro instead ofin seed 
or live plant Forms. We need to be well pre pared technically as well as on the infirmational 
aspects to neet these circumstances. Small but f'requennt meetings to exchange technical 
progress in East Asia are earnestly recommended under the regional activities ol IBPGR. 

http:tissuec.ec
http:Mangllcent.lt
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TABLE 13 (roup training course in plant genetic 

('oMtr\ 1982 1983 1984 
I1ingIadch I 
hia 2 1 1 

India I 
Ihnd c'ia 2 1 1 
KIica I I 1 
Mala,,,,ia 2 I I 
Pakian 
Philippiiics 2 
Sri I.aika I 
Shailard 1 2 I 

hall 
ArgcniaW1I I I 
Ilrh'il 1 I 
Chile II 
Peru I 1 
FIji I 
lBurma 
Nepal 
Panama 

Total 13 12 9 

resources. 

1985 

1 
I 

1 

I 

I 

II 

1986 

1 

I 
1 


1 

I 

1 
1 


2 

11 


31 

1987 

I 
2 
I 

I 

I 

2 

I 
1 
i 

11 

Total 

3 
8 
4 
5 
5 
4 
2 
5 
3 
7 
I 
5 
7 

2 
2 
I 

I 

67 



CHAPTER 3 

Recent development of plant genetic resources in Republic of Korea 

WAN SIK AtIN 

It is well known Ihat Korea has remained a typical agricuLI tura I soc lety for several I housald s 
ol' years up to the present. Accordingly. many valnable crop genetic resources are being 
maintained ill nature. 

More than 3 00(tenlpcate plant SlVpCiCs out 0f')() lbmilies arC found in Korea. Fmrill these 
Imore Ihan I I(<0 pliuit species at_ised for various Ipurposes includling 150 species of food 
crops or fruit trec,, 7 1 1specie,, of i edicinal paiits. 250 spvcics ol vegelahles. and other 
ornaimental plaii,,, IlKorea, h1is advisahle to collect and plrcscrve the land race of lood crops 
Much as traill leglulle". cercal,, and especially ilelllncdicinal and allied plant species. 

l)uC to sullall land area and ti pref ereice ofI'arIlers for tile lievly dev eloped crop varieties. 
flost of th"il i Croti crll spCcics except for a fCw nlinor crops \,crc \cry ra)pidly replaced
b the ne\ varii.lici, llmh illucli efort has been civen to col lecti'C. pltsrvinll0. uiltltilvy
11g. and propagatilg the crop geletic rCsoutlces ro111the Carlv daVs of' 'il_ihullpr\'Cnllent. 
illail ildi'elwlis crop species have ahlrady diSaplpeared Or arC nCar Cxillctioil. 

Ilueerated aild systellatic conservation olfcrop gCeletic resources \\as startcd ill IWO ,)7heul 
tIle Seed Manag'nlient Function was established ulder tlhe Rural Developmeicnt Admillistra
tion (R A. formerly tie Ofice oh Rura',l l)eveluCil1t). Blut the 0riaili/tiol and tile 
tlperalioll of the Seed Manam'elllit Division alrC still ill their ilallcy ill respect of, miodern 
Inailagelclelt.'l(11plant gelCleic resotirces. 

In Korea., llore efforts are being civel ItoIle collection and preservatioln (lland races fIro1lli 
tile wide ral g olcrop species. At tile SaillC tnlC, tile utilization C'fficiencV (11pulalt geletic 
IesOurtc's is beillg intilded tllntilh Cxtelnsive Cev1llti for'Ml tile reSOltces preserved and 
coilnlUteri/.ltioll (f detailed inlforllatiol oblained. 

Organization 

Gernlplasnl Management Division (GMD)is being organizedtas one oflthe four tlivisions 
If the Research Bulreau under Rural Developmnent Administration. There are l'otlrlten 
iffilialed research iniistitutiles and exlperimlnl stations which are directly coniltrolled by tihe 
Research113i reati. Nine Provincial Rural Development Administrations Ihiave also indirect 
:oilitection with (IMDItlrugh ile Research Bureau of'RI)A. 

As slliown il[igure I,G MD plays tlhe cenltral role fOr any researches related tohplaint genetic 
*esources. With a consultation lIirol the Crop Advisory Conlmmittee. it sets ipibasic plan or 
lie related researches or plant genetic resources and undertakes its respoisibhility fIr bmLaseand 
ictive collection. 

At the saile time. it carries out some basic research on plail genel!ic re.sources. MI) is also 
'esP(lnsible for c1onmputerization of the dala obained at the alliiatede rescaich insittiiles and 
'xperilment stations and atllords a gateway for international coope rat ion between RI)A aid 
itlier 'oreign counltries. Aftler collection, iulltiplicationl and rejuvenationlthe plant genetic 
'eStLirces ate e x'ahIl pePCrinic ill oIllsated at related research iltilles andt atl tLIcl as tle Crop 
xperiillilt Station. tile I lorticiltlure Experiment Stati)n., and the Wheat and Barley Re
earcil nmlSiltlte. The seedls ilultiplied itthe affiliates are sent 1t1GMI) Ior storage. 

Colle'g's and private seed coipanies have ilo direct relationship with RI)A. but they are 
itvisedlto stIoire the crop seed ilRI)A with the exceptio il If'solle geriiiplasi they keep. 

.4x: JT-W 
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FIGURE 1. Major working components for national crop genetic resources in Korea. 
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Facilities ol'seed storage at (GMI) 
I t', r(wilu area oI currnlCt ,eed si rage at (MI) is 103 i12 of which 34 111 isfor tilehase 

cllcction (-Itt ('. 301 1 RII) and 6) in for active collection (-I'C' 30' RII). 
Nc\ la+ilitk" +eill he conutructed in SMOr.II, RI)A leaidqtiLrl'er!; by early 1988 for 

c,,,+]I\ u. Ihere \ ill he about 3 limes the C\isliriu2 fhoor a',,IcetO ioLise stora'e facilities,
alhll~ihu'; t o t ia t ialt L.tandd In.ox., nh 

I h oiom dcst,incd to he eqipp tit the nohile rack s\stcls so that the space can 

,ri,.,, s s i:,, i "'able I. 
oii 1 )ed 

bc efectI \ ctIsd. 

I \Il.I1 I Ilit ni set'd sloIrate I lt'iilit s l' ( ; I)in [tic Rural ])e'elnI)IrlellAdmiiistralion.
 

I)U)'n t "I pi''arr' ((' luuidit\ I:tuol arc (m1) 
'hlw mi,1.2 -I8 ± I thost ire 4.3.2x 2 rooms 

('hi 3.,Tl.3-6 -1± I 41;'i RI 43.7 x 4 
:,ICC,L1. 'n00,m1
I ;Ill, ilTMOI.',Mid 

20± 1 1I017RII 4.6 x I 
1 259J.2 

Iftal 
 1536 

Present acivities 
\'V,I: \\I) \(V 1\ 1 )l.l.l (T ON
 

A1 the present tile,approxiniately 59 00(1 seed samples out of 133 crops species are under 
conservation at the seed storage of GMD.The nunliher of seed .a;mples preserved for ria jor 
crop species is sho\n in Table 2. Many of tileseed samiples are those of staple food crops. 
such as rice. harley, wheat, soybean and corn. 

Seeds preserved for the hase collectionl are either Ciieild or1pilin 'Ilninirri boxes 111d 
stored in tie room at 3114 RI I and - I()(. For the active collection, seeds are plnt Il canls Or 
paper envelopes aind stored illtilerooll ala3( R II or costlant illoistuilC content of, 8,/ and 
at -I°C. 

In tilen1ew Seed storIge tinder CliitnIctioi). Ile see u r' \s ill he dried toIasc collc'tion 
a 4-59; moisture content and pint in three-foltI lamiialed aluriinliun UoIl.The loils will be 
stored itlfrost-free conditions at - IS C. For active collections, the dried seed will be pit in 
rasirne (ie. plastic) bottles and stored at 4 U and 40'; RI I. 

RDA has intensified its eiehank laawemrilnt since 1985 i varions fields of collection. 
preservation, evaluation and utilization for the plait genetic resour-co, especially tile 
collection of land races With eradicatio.i in otherCl'otLIrIes, nMay land races offaced A,\s 
staple food crops sttch as rice, harley, wheal and leg tnes were rapidly disappearing alone 
wilh the dissenination of, tile newly developed leadin varielies. I lence, tile collection and 
preservation of the remaining land races was believed to he one of tile Most irgent lasks 
related to plant gecnetic resources. 

Aboit 8 111111 vorkcrs illevery SLI-Cotitily llythrough the COlllryagricultural exteision 
were efficiently recruited to collect genetic materials. 

Ixtetlnsitl workers hlave two merits: I tlley hlaiye good pre -hliform a lion aotiLI crop 
varIeties atnd r''ional circulnstance:i: 2) they can collect iaterials all tlhrougi Ie country at 
one lile. To gel a betler tc srponse, they were toid tile reason why aind ho w to collect materials. 
\lid, of cotirse collection envelopes were sent to cach extelsion worker. 

il all. I 731 extension workers responded aid 5 171 seed samples covering 57 crops were 
collected in 1985 (Table 3). 

'[lie intlioriiy fl'crop seedsotioiig the collectioi wee those of gra.lin leguines --2 158 seed 
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TAI,.E 2 Numbher ofmajor crop seeds stored at the seed storage of the Rural DeIelopment Adminis
tration in 1986. 

(roup. 

No. of samples
 

RicL (0 v:a W1'td) 

16 823cIarle,,h rium vldgWur, 
 11501

", a (1 Ijim*um U -'tviViloz) 5 722 
Sovhlll ((do o'v ml) 4 871Wild hcilI(G. loooriel 's) 266
'\d/tukiheL ( -,i,t ii ,'js )
t. lid 
 1 212tllilni'k; (II ' Ii rladjata) 507
 
Cox%pea I ,t 11ot j'tcuula) 280
Kidnc, heain
(l'Ia.seo/u.v vili,aris) 285
Coin (i/'wm 

4 168sn-orguln (i iui'ui 11Ii h/ia/l'r') I 122RtL ,pjwrI (CIl. .1(0 n mot) 432
R;adI .il/vI
(Iiph uiu.% s) 582
'1tim
iro (/I. I'I.op c-liCtl )rico 'h'nlu
(Chillese'c;lbhlilc 373(I'x'c c~ )396
 

l (Ar(i h1S'c1an xl)wgar) 

758Pier Ili 'Wril'Ifi' ''s) 


Sexinic (Se'xnumu indicum) 
628
 

I 904 
l I 


Adlial (('oi.v Imtuma+) 
256


Rape (IrA..iAlClI/I( i's) 

361()thers 

6928 

"Tlal 

59 375 

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


It is well known thal 
 the Korean peninsula is near or the original Site of.soyabcaInnchIiding MI.ac'tria.Seed samlles for ad uileaml, Inio geanl, cow pea. alld k id ney beanI tllinbe red
483. 199,24) aid 2 15. respectively.

Many seed samples of cereals and other crops were also collected: corn (293), sorghum
(293). proso millet (64). Italian millet (177). 
Io's tears ( 183), red pepper (211 ) an1d pu-mpkillI108). oil crops seeds, perilla (215). sesame (162), castor hean (1 12), and rape (7) were also
 
collected.
 

Landraces, as Shown in Figure 2. wCrC CvCnly¢ distributed all thrrouigh the country l' 
 rtna10 al Of
hIy duC to mall 1an ard ie.Rc ub lie.of. Korea. Uland c rops suich as (GlI i dvcin mIax, V'ipl
(lllUk'U/UI' S,~'wl'lli,,lV. 1 k. alld .S'c(Iiatl/ ,etc. were collected in the l(lntaillotu:,ariea. 

[Lv.r.t
.\1r(N 

Bletore 1980, no evaluation ofthe plant genetic resources prescrvcd in GMD was performed,
hut on1ly )aIrts of the nmteiialIs uised for hrcedirig purposes were characterized at the relatedexperiment statiil arid research institites. Characterization of 12 865 varieties fIor49characteristics was acc(mplishedu'ing 1980-1984. Along with the exlcllsivc oc1rplasnIcollection from 1985,lclracterization fl"the lrrlcrialls preserved at (MNI) or newly collectedwas partially started by) plant breeders at the related institutes. Since 1985 about 14 000gerniplasms were claracteri/ed as shown in Table 4. The coomputerited resullts will be 
distributed to the people concerned. 

RiEutVi.NATION AND MUtti III('AI(ION 
Every year, GMD tests the germinabi lily for the germlasm preserved in both base and active 
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TAI I The land races of crop plants collected in Korea in 1985. 

COmmonlltiI namelllf Scicntil-c name No. collected 

Rice 
}' a rio,,11 

(Orv-a.ativa 
I 'h' m ugarr 

22 
56 

\\litat "'friti'tm ac. uldtnt 22 
R\ tc Sea'tl (clel'ah 42 
So ,ahcan GIv im'ma x 993 
Ad/uk itican tigna anglris 483 
MNUnnbe'an Vigna Iradita 199 
( 't Ita Vitna 11gt'uiclawt 240 
K idiinc ean Ptiaselu 1tt.t!garis 215 
IY'c Piswn slivm 28 
NIatec zea mars 293 
Sorllum Sorghtum inholr 293 
Il'itan millet St'haril itali a 177 
%hiu't Panii'.1m milia't'am 64 
1Iitick' Iihal agop 1-t11rtr e'.\' l'nitain 143 
Sc ,lli, S'smlwn indh ur 162 
I 'til Arathis hvpotva 10 
tali' ced lisrsita ttifttps 7 
I tirlit Perilla,i1tm (Ins 215 
('thIf bcll Ricinu trotmmunts 112 
JIh'ttars (aoix hrvmu 183 
Rcd pepper C'apsicum a11ntttt 211 
Spittt Sinaci ol rii ait 57 
('tiumrncr (u'tmis sativus 14 
litibeCburdock Arctium lappa 6 
]ul Sollttu1t IIuh/'ercIxtu 44 
I'tumpkint (l'ichjici mo.thata 108 
Wclh ollion Allium fiuosum 54 
Gallic Allium sativuri 41 

'chmctc cabhage Ilrs.dica campeWstri. 35 
[:-g paill Solanlt mtt/'lon'elta 4 
WItiCu tur{] Ih'eincasa hi.sidta 34 
("hincu . ltr ltard Bra%.sicta him',nsis 17 
RtIttlh Rapt/anus ,sativus 19 
[Xen.tMICtCc 14 a saivt 44 
( tlhlutil Gossx'ypium nattmkintg II 
i)lhcr, 513 

Toal1 5 171
 

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

FAC(IIANG1. ANID IISTRII11IO(N 

RIDA adopts an open-door policy on the basis of mutual fairness for international cooperation 
illIhe utilization of crop genetic resources. Up to date, the crop genetic resources were 
e xclanged between the affiliates of' RDA and the international research institutes or foreign 
count ries. Accordingly, a small number of seeds only were disseminated to outside the 
cOunt\ as shown in Table 5. But international cooperation on plant genetic resources 
includinlg the introduclion and dislrihution of crop seeds will gradually come tinder the 
.turisdiction ofi the ilrmplasm Management Divison of RDA. 
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Ahn Recent Development in Korea (10) 

Soyahean (, h it,, i ttnt Ad ,ukih..t 

",,, I II, \ 

*-' : . * 

. rL,.,, 1,, ,> , t f. 1 .. , 

uf1** 

Italian millet . 
Sorghum (Sorghumi hi,'olor) ! (Setariaitalica) 

" Lag , ,:1 items;.. ,.. : ..I. , ,,, 

SFrghUmE(.Somebianrc colctsfcos nReulcafKrea ina1985. 
• I~rges; 100ite•Medim :50 iems; • S all 10 tem 
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IAtII, 4 Gerinplasun characterized at RI)A affiliate research institutes in 1985-86. 

*ri p 	 Scientific name Number 
characterized 

Ric' (1" i ntli ia I2 8,65

Rice Ory-a ,alia 
 I 516
 
IBa'le NIh'di'wn iuli,'are 
 2 614 
Wheat 	 Trititn1 av'tivilwl 980
 

AI''lia sa iva 
 244
 
e ,Secah'i'ereah, 97
 

("Olr Zea Inavs I 956
 
I iti11 Tritialh' 269
 

.So ihLeait Gly'ine mnax 1725
 
Ad/t.ihaiic 	 Vigna angularis 785Sol,0htili 	 Sorghurn bi'ohor 371I 
.SC'ti111t 	 Se'saNIIII)I 835indictl)

I ;imindlitilI Arachiij h'/iagaea 869
 
RapC ,eed hlra.vsi' C'a(IiStiiS 17
 
RIdltl Raphants saltivits 203
 
Red Iippper (apsi'umn aii/it 167

1oi111;1[ 	 L,v'-opesi'ont 'sc'ih'nton 174 

Flwa;il inillet 	 ,Setaria italua 119 
( 'tiC tunher ('IIlaissativux 55
 
Melon ('lant.is melo 36


\\ lcrntlou C'itrlhtIIs 1-1garis l0
 
( )t er+,963
 

Ida I 
 24469
 

Tlhee eval[til1ons are for the period 1980-84. 

TAI 1 .E 5 Number of seed samples distributed by the Rural Development Administration. 

(iiinlr\ 1983 1984 1985 1986 June 1987
 
I)Oinii-lhC- 3 145 2 246 
 1 788 I 288 8336 
I'oreiten - 28 313 

I)itrihuted to dhe research instilutes, experiment stations and universities. 

Future plan 
RI)A plans to centralize the preservation of crop genetic resources which are now 

maintaincd in colleges and private seed companies. This will be done when the blueprinted 
newcoseed slorage. I 536 ni2 in total area or about three times larger than the present seed 
Ntorage, is built in early 1988. 

RI)A lays more emphasis on the preservation, evaIunation, and cho'racterization of seed
propagaled crops and exploration olthe wild relatives in Korea. 

Be tcr sy stematizat i t ion a ti t lili/alion of' the inlortatnion obtained oti pl1anlI genetic 
resources isalso one ot'lhc tost important tasks facing RI)A. I lndrcds of ,;eed samples and 
characlcrited inlOrtnation 'nm the affiliates ofRI)A are sent to GMI) each year: the data are 
well coitl1fl teri ted fkOr betler 1se in the lutirc. Up to date, no conplete invenlory for the crop 
gcelic resources preserved at GMD has hcn made ready 1( use. 

The most urgent need for RI)A gcnehanks 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
 

(ttoN(;-SFN(i lAY 

The Asian Vegetable Research and l)eveloplent Center (AVRDC) has a mandate for 
research and development of vegetable crops in the humid and subhlumid tropics. Since 
AVRI)Xs estalblishlient in 1971 gcenetic resources activities have been emphasized. Re
cel'lI,a new facilityx was constructed with a triple cold-slore capacity in accordance wilh the 
Intlernalional Board fIor Plant Genetic Resources Rsnlurces (II3PGR) cold-store standard. 
The Genetic Resources and Seed Unit ((;RSIJ). therefo're, isadopling an even iore ambitious 
plan for the fulturc. Presently. the (RSIJ goals concerning gerinplasni are to: 
SPromote the utilization of the collections through evaluation and comprehensive docu

* Build up base and active collections of vegetable species popular in the tropics: 
* Strengthen AVRDC's cooperation within the international network of genebanks;
 
SEInsure that inconing and outgoing seed samples are free of pests and discases.
 

CuitrrentIly. AVRI)C is the repository for the world intlngbcan collection and the Asian and 
Pacific sweet polato collection. Negotiations are currently underway between AVRI)C and 
IBPGR concerning AVRI)Cimaintenance of the Capsicum base collection. This chapter 
sulnarizs the pre'enLt statis, inanageiment aild utilization of seleccted tropical vegetable 
gcrniplasni at AVRI)C. 

(enebank hard a're 

The (GRSUI's functions include geriplasn acquisitioll, conservation, characterization, 
coordination of evaluation, documntnation. uliliZalion, distribution, seed technology re
search and training. The iiew GRSU building consists of'a genebank with a75 0(0-accession 
capacity. a seed laboratory and aseed conditioning plant built at aitotal cost oflUS$353 032 
in 1985.The floor plan oflthe difterent contro;led environment seed stores, drying facilities
and supporting laboratories wiih their controlled conditions are given in Figure I. A detailed 

description of lhe building isgiven in Tay (1986).The perloinance oltlese facilities has been 
salislfactry during their 2 I.,years oIfoperation. Con tinIonus monitoring of cold-sltore tern
peratuires and relative humiidity is (donewith a 32-channcl Molytck electronic recorder with 
alarm syslem. Ail electrician is oil a 24-hr stanlby basis, aid a spare generator is available 
ill
case of an electrical mainline power cul. Three levels of safely devices were incorporated 
in the cold store to prevent the accidental locking of workers inside. 

OcUtnilentation is (lone oil ll IIP 3000 mniniconiputer with a lip 150 licrocomputer as 
terminal. 

Ali aphid and whitelfly-proof post-elitry (lUaranltine scrcenlhouse was constructed with 
IIBIP(R fLlnding to facilitaie new introlucthions into the Asian and Paciffic sweet polato 
collection. This facility had been test-run during the past I '/]years. The first batch of 1(0 
accessions from Thailand was successfully introduced, tissue-cultured and met local qua
rantine regu11lations. 

Present stauis of the collections 
The Current stalus of gerliplasin maintailned at AVRDC, totalling 27 025 accessions is 

shown in Table I. Effllrs are concentrated on the principal crops, nanely lomalo, Chinese 
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Citll-u', MUn1heaii tvn,Se'tilhii ritlto ).and pepper. Iepper is a recent addition. Until 

10%,. 475 accessions of pepper have been acquired including accessions from all of the 
major collections ili the LISA. Costa Rica, the German )emocratic Republic, Thailand, 
Mai, ,,ia. etc. Balches of Ihese accessions are being characlerized and evaluated to support 
the tntiliation work. Accessions for hase and active collections are multiplied inl nylon net
hotues.. 

I \ItI.I I (;eritlhisin maintained al A RC bI)( in 1987.l~(GRS 

(,p Accessons Nikiing Available 	 Temporarily Suspected
 
numbered duplicates'
 
accessionis
 

A\ RI ( 'incipat ('rops
 
Ss aeall t 2 515 835 I1670 99 2 1t (9034)

\tle110cll 5 274 167 
 5 117 256 985 (5 112)
toInato 5 494 138 5 346 617 40 (4734)
SCeC polato 1 219 32 1 187 157 9 (1 2(9)
("hiIlle C cabbage 846 42 804 217 -
Ileper 2 50W 30 2470 I 005 

sublital 27 828 I 244 26 584 2351 3 145 (20 080) 

()[her 'rtops 
.\diki bean 125 125 - 25 

Amaranih 86 86 

Btl,ack ram 158
158 539Y
 
RIL be 72 50
tan 	 72 

Sub total 441 	 441 614 -

Ilhl 28 269 I 244 27(125 2965 3 145 (20 080) 

Sire, in pareniheses indicaie the total nunLber ot' accessions front which tile suspecled duplicates were counted. 
Ihl ill .g356 accessions (lines) of wild black grant purified from four populations. 

The geriplasin is maintained under five levels of storage, namely base collection (seeds 
are for pernanent storage at -20'C and - I OC in hermetically-sealed packs), active collection 
(scehs are for distribution and are kept 'it 12' + 3C, 40 ± 51/ R I1) and working collection 
( 15 t 3-('. 40 ± 5(7( R 1) for seed propagated vegetables, and a field genebank and in vitro 
active collection (20" ± 2'C) for sweet potato. Th' current base collections at AVRDC 
includiig the recoinmiended seed liloisture content and m1inimun iiiber of seeds stored per 
iccc s,,ion,,. are listed in 'able 2: the active collections at tile inediLinli-teril storage are 
prcented in 'able 3. Telie working tollections consist of'seeds which are designated for long 
or diIli-i-rtett slorage, but are still unde r processiig. The A sian and Pacilic sweet potato 
collectioin is naintained in a field getiebank as described in Tay ( 1985), and the in 'itl' 
collecliotn as ill 'Fay el al. (I 9X6). Most otlf lhe accessions in the collectiontif the six crops 
have IeCii duliittcated in olher )iaergeebaiciks iin Costa Rica, Japan. lie Phili ppities, Taiwan 
('hina), I. K and I ISA. The viability of seeds in long-term storage is monitored every five 

cars"d tin he first teli years. l)Cependinrig oil the sulhseqlueit seed quallty flielemoitoring 
Intcur al %%ill be adjUsid and slLrtened accIrdintgly. 

'hiaracleri/aliotn and evahllation of geriiiplasi are emiphasiied al AVRDC to (leiltify the 
,.roiuips, wvithiti each species, specific traits and the duplicales. The IIPGR descriptor lists 
ire chosCl\ followed in characterizhi g iitLlig bean soyabean, sweet Plotato. toliato aiid 
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TABLE 2 Current status of base collections in long-term storage at AVRI)C. 

Crop Accessions Total Storage Seeds / Moisture 
stored accessions roomn accession' Content 
(no.) (%) (units) (no.) (0) 

Soyabean 2 62)Y 22.45 5 4 (8) 8.0 
Mtnglean I 437" 28.14 5 4 00 8.0 
loniato 713 13.34 5 12 000 5.0 
Chinese cabbage 341 42.41 5 12 000 5.0 
Pepper 75 3.04 5 12 0(X) 5.0 

Recommended number of seeds p'r accession. 
niNon-USI)A accession. 

Another 3 W(8)accessions (58.7', ) will be stored in early 1988. 
()lpen-pollinated varieties. 

'AIL.I, 3 Current status of active collections in medium-term storage at AVRDC. 

Crop Accessions Mimimu,n no. 
stored of seeds/Ace.' 
(no.) 

Soyabean II 769 500 
MUngbea 5 363 800 
Tonlato 5 963 2000 
Chinese cabbage I 021 2 000 
Pepper 3 475 2 000 

When seed quantity reaches this ininimurn level, seeds are multiplied. 

pepper. Some descriptor states were modified. Additional useful characters were lormulated 
tor each crop where necessary (Tay 1985; Shanmugasundaram et al. 1985). The GRSU 
prepared and field-tested a descriptor list for Birassicacampestris for the IBPGR (Tay and 
Kilo 1985: IBPGIZ/AVRIC 1987). The characters evaluate(], and the status olcharacteriza
lion are sumnmarized in Tables 4 and 5, respectively. 

Management ol'fthe 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 luaranline, multipl icati ion, characterization, identification of duplicates, accessioning, 
seed processing, viahility testing, packaging, storage, further characterization and cval
ation. Utllost care is lakeii to prevent mechanical and genetic mixing and loss of accessions. 
The genetic select ion and drift of each accession are mi tnimized by multiplying the collections 
in tie best seed production seasons at AVRDC (Table 6), growing more plants per accession 
and taking equal representative seed samples from each plant of an accession to obtain a 
composite sample for storage. The recomnlended plant numbers for gertuplasni regeneration 
of the AVRIDC's principal crops are 160 plants (4 in x 2 rows) for mngbean and soyabean, 
30 plants (7.5 it x 2 rows) for pepper and tomato, an( 150-200 plants ( 5 ill x 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 AVRI)C principal crops. 

No. of norphological and physiological 
Crop characterizat ions Chemical 

IBPGR descriplor list Additional characterizations 

Mmngbean 23 13 protein, starch and 
fibre 

Soyabean 26 I protein, fat, 
starch and fibre 

Chinese cabbage 66' -
Pepper 37 2 capsaicin 
Swcet potato 27 9 protein, sugar, 

starch, fibre and 
dry matter 

Tomato 36 2 % brix 

'AVRI)C/IBPGR descriptor list (IBPGR/AVRDC 1987). 

TABLE 5 Status of AVRDC germplasm characterization in 1987. 

Crop 
No. ofimorphological and 
physiological characters Chemical characters 

Accessions % of total Accessions % of total 
characterized characterized 

Mungbean 4 945 96.8 4 945 96.8 
Soyabean 2 672' 22.9 2622 22.5 
Chinese cabbage 315' 39.2 -
'elpcr 508' 20.6 -

Sweet potato 1168 98.4 734* 61.8 
Tonato 1250' 22.8 -

Non-USDA accessions. 
SOpcn-pollinaled cultivars. 
Ongoing in the fall of 1987. 
Accessions fiowering at AVRDC. 

TABIIE 6 Best seed production seasons at AVRDC. 

Crop Season 
Muingbeai and Soyabean fall 
Tomato amd Chinese cabbage winter 
'cppcr summer and winter 

Passport, characterization, evaltiation, inventory and distribution data are documented Ltsing 
:n 11P-3000 minicomputer together with an IIP- 150 microconputer as terminal. It consists 
of gerniplasm, inventory and distribution databases. All the (atabases except for the 
inventory dalabase are managed utsinrg the MINISIS database software package which was 
developed 1y the Inte,'national Development Research Center (IDRC) of Canada. The 
passport dala of all the crops are integrated inone data base. Similarly, the distributiot data 
are together inanotherdata base. The characterization and evaluation data are kept according 
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to crop. The inventory data hase is constructed with self-designed and self-progranmed 
sotwallC. 
The current stla:us of documlenttionI ol AVRDC's principal crops is given in Table 7.The 

Chinese cabbage catalogue (open-pollinated accessions) has been distributed and the world 
in ungbean CollCection catalogute is 1iow in the finialstage of pieparation. 

TA IIII: 7 ('irrent stlttis 	 in 1987.o' locimentatlion at AVRl)(: (;RSUi 

Soyabean Multgbean Tolmato 	 Chinese Sweet Pepper 
cabbage potato 

Passport daia 
entry I(M14 100 100% IM 100% I(M)%Z 

('haracterization 
data entry 25% 97% 0% 37% 99% 0% 

Germplasm Spring Fall - 1986 Summer 
cataltogue 1988 1987 (for OP') 1988 

Seed inventory 
0%Y
dtat input ()/ 	 1%y 0 %y IM)% 0% 

New crop in temporary database. 
Will be completed in spring 1988. 
OP = Opeti-pollinated. 

Finally, the distribution section ensures that the collections are put to maximum use. 
AVRDC's genebank has one of the world's largest and most diverse collections of 
mungbean, soyabean, tolato, Chinese cabbage and pepper. Effort is carried out to distribute 
these materials anywhere in the world. A total of 166 different countries and territories have 
received AVRDC gcrmplasm. The two prerequisites to satisly any seed requCst are, firstly. 
that tile gerniplasin should be used for research purposes only and secondly, tile qnaratine 
requirements of the recipient country can be fuil Iilied by AVRDC. 

Activities of the tiree sections are interrelated and the interactions and major activities are 
suiniarized in Figure 2. 

Ilnorder to manage the AVRIDC genebank clTicicntly, a new introduction scheme was 
formulated in order to centralize and streamline germplasin activities from introduction to 
storage (Figure 3). 

The unique features oflthe new introductlon scheme are as follows: 
* 	Centralized registration of all new introductions (temporary number allocation): 
* 	 Identification of duplicates ; ihenew introductions: 

Ihmplementation of suitable quarantine standards (in cooperation with AVRDC patholo
gists): 

* 	 Centralized allocation of accession numbers for new introductions: 
* 	 Centralized documentation and managenit of all gerniplasn databases. 

The uniiliue feature of the new scheme is that the accessioning process by the C;RSU and 
the evaluatioti of new introductions by AVRDC's Crop Improvement Program scientliss can 
proceed siiul ttieo Insly. Furthermore, all scientistsare kept I -lt-(late Oil lie w in tr dtCnells. 
This scheme demands a close cooperation amlong scieitists and has. so tar, fInctioned 
snlootlily. 

At present, scientists continue to introduce new germplasm as be fore. I lowever, no\w,.new 
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tI Germplasm Introduction System 
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ilitioductio l,,ue r cported to the (iRS( w hich allocates te.lmporary nuhIM The scientikts%\ b,.il. 
tl,+ecthe tteIlllpor',l iib tilhe r.cl a.nd C\' uiatiOl until a lPerm nietnu\ r durll' phcfliniitav cell il 
aIt..Cellnil-ber isgi,.en b,, the (RSLtIl alter ,necLCSsil multil)eiCatiol an tStilne for 
dulplicatCs. W\'ilh tl, iMpr C ,sl,.en. lnelerical mistakc or neomlflete asotl-I datta Call 

doectl1nnllnato.1
be rcqupcmcd mnnidial e lls)11 the ollo f1hclore ikcoitpllC. 
I)[r11m colMnseuitl. the Ito tss. t - ' i adStCllIfr ae,+C.,csionpte1(0tud rccn

.iaition ito 1972j. It iltlo%,, for seeds to he mtlltilfliCd fI0 actls.C diSt ributhomi Withtolt 
ni newlli1th, lCrClicmlttiol c\ clc of the acccs~itil at everv seed 1ullillicalion. 

S%\C,( ol.t hlttr ,,,etat .- proaeated cr0t). In order to mlailtaill thetatto iN ' l/ 
iiteerit,, ofacli clone ah l It) e \% 0Imulated and imlcnented atas for AVRI)U for introdtic
ilo. llm\atliol nlldistributio.n lienre 4). 

Ililization of tilei
geletic I'sotltes 
\t \VRII)('. the entire co'li Ie rscrcncd aid evluate~d by AVRID(llctit)il Ilas,, [cn 	 scientistshorspecifict.lratl.: I.37 '125q Neet.d pactktst has,e_ tlst.(fbeent.'lfof varita~l imfrovenient since 1975 

I ( olltioll ih scit'its flronational progranlus., ilIhe s.cr enin oflale 8". %\ gerllplasmll 
otrspeific charateritic , isalso Collr~kme.l. and dnritilne e am priodl. 225 054 seed 

packet , Ihmve. bnl,iilppc(l coolpratin, scientists in 106 cotnttie, (Tlable 8). Thei to 
listribuitim of' AVRI)C-s imtrial, in , has resulted in the rel.ase by localtlc last decadc 

authorities of 118 enlltivars of ,the ive ill 1987).lrincilal crop, 35 conntlies (()lcfa et al. 
The SyepM c x[)loita1ttioli oI the l has resnlted in mi avcragc ofII Nuenla-i ait AVRI)( 
(If the coilections being ltili/ed for ciol) imlpmrsecint by AVRI)("'s breeders (Table 9). 
N'aimv of the identified traits fo hioti and abliotic stress, adaplability and yield have been 
Coniblined toueether (() ia et Il. 1987). 

I.\It.1 8 Ilternual and e~lerlal w(d distribultion l1crop, 1975-86. 

('roT) No. (it wevd pac:kets Total 

Internal Fxtcrnal 

Sos llcan 48 770 85 856 134 626 
hn1\wheca 

1)1)tt 
49911 
21 867 

57 156 
45 657 

107 067 
67 524 

(hillCesC cahbiage 8321 168(16 25 127 
S'VeClptlato' 50t I 5 732 10743 
While plotao 2 347 I 401 3 748 
'eppcr 62 189 251 
)lthor, 1636 12257 13893 

Iolal 137 925 225 (154 362979 

tncltdc,+h sihrooIs cuttings. invitropl lmlelsand true seeds. 

iuture work and plans 

lhcGRSU is working to ftrtherstrcamline Ihegenctic resourcesactivitiesat AVRDC with 
tile newlv-btihI genebank and auxiliary fiacilities. and a reorganized computerized data 
uilanacelnln svstem. Projects inthe Iollowing areas will be given high priority: 
* 	 Further characterization and evaluation will he emphasized both incooperation with 

AVIRIC(disciplinary scientists and researchers from national programs. Itis the respon
sihility of the GRSU to f'urther enhance the utilization olthe genetic resources within and 
outside AVRDC. 
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Forign (oil tor aioa 
programs MIA * ts neities,.etc. 

I-dentificatui of ui rcal 
Ptre-znlporl quarantine 

Gemls'ollected [I hanv 

Pit Ililpori 

Uirlt vi t tll 

- . - -. re loin- lorat ord 

p!bI,' ilm! ks I ' wl/lloll 

dill at,,I 

A-e,,wiic' NIlLI~lAwi~s~ied111 

G I5''bIe 

See 

I'lil 

StragPiAl hri l 

-RIt'll 
oIIroIllg'iinlL.M 

enlcd n e 

'I' 1, rageII1111t 

%11IIIl UIII 

1trgIt I See 

I~ I It I' 

Hel I iear 

j LOL 

[Ire -e %portl Quarantinei 

L 

prIl Iton1 

IG R'E(;4 Siceet ptato)gerniplasin activities at AVRI)(. 



" 	 (aips in thc citCllecCtiln o.AVR)("\ Plrincilal criops will bl" idenlilicd, Cxplortitii reconi
tlICI(LttliOll lo1ittZ1,1,1 . ,laitd coliccling C\plClitionls w ill bC oleallied. 

" Smncc thC clt'-c r alul oI ilti Int r"lil al \ eCeCahes is L'ntrdlly ntl!'ICledteI. the (IRSU 
rteCfltIl\ iiiItiaIcd aclis ic in liii' area. So kmt. H 3 accesiis oI 2f '5I I iIiloI" vegetables
h1a beeCac'tinui d iii Su inSlI A,iiA.lhC Middle t, ald Africa., iid store.d al the 

* 	"rainiiI '-'(Ipru!'mIraI,t0Il cnCtic re In'rce%%iIIi he oirgani/cd in coti)eraiibn \5 iIii AVRDC's 
Trailline Offlicc and other outsidc aCetncie,. 

1F9IIIIIE Numiiri ot atesions and pcertagt olf acth coillection used in AV'Rli( breeding programs. 

("liji elilod totlal 	 Numbet' accessinms tised 
CrOss As temiale As -rale cAs fcaet of, 

or males cotllection 
\tumeheall 1972 85 4 200) 262 274 343 6.72
 
1l'liato I972 '5 0)45 373
-	 6.98

Sum aheall 9i)73 -87 2487 -  501 4.29 
Ss.eei polato 1973- 87 1 875 132 92 135 11.37 
('iie, calibluic 1973 -87 374 - - 90 11.19 
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Recent developments in plant genetic resources conservation 
work in Southeast Asia 

RI.RICAIMN. LA.,N'\AN 

SrltlirasI Asia has its share of richness in cenetic resources. But owing to population 
pressure, \%ast areas of forest cover and natural sanctuaries of wild life have been destroyed.
In ;,riculure technolmgoical alvalCes ill production Could Cause a displacenielt of a signi
icanl scitri ( fc'tihe iatural conlmplex of crops. These realities have raised concen

and rrohilied people fr action to foresLall any flrther threat of enetic erosion. 
)urinr thrSNlic Osi il Soulhcast Asian plant genetic resource.s held at Bogor,

Indoesia inI 1975. a rsolnluion \%,is passed \which callcd for tlIe crcation of a working group
ho asess tihe prollins in Ic iCion and prepare a plan of action fOr gcneic resources 
counscrvation. The %\orkiierroiLf) %%ssconvened in the Philippines the folowing year,
cOlrliIirue by reprcsCnlalivCs Ir1n Indonesia. Malaysia, 'Thrainhid, Philippines and Papua
Nc\% (inineu. A,,s a final oreMli/alional spin-olf'f, the Recional (oninitte for Soutlhcast Asia 
(RF( 'SFA c'aric illo heille ulldCr tlei aceis of Ilc IPGR. A full-tinic regional coordinator 
w'as appoiitcd h\ 1131(iR with hicadu[artrs located in tile Reoional Office in Bangkok.FA 


Tie passae of idecade of work sincC lhat liielCiltois year olorganization has seenfas ooraihle develolpnrerits iiint_'ic resou~irces,-conserv'aion ini Southeast Asia. For the details 

(fslch devclopiltels., I k0 repirls ave hecn oiven excellent reviews -The 113 PGR/R ECS FA 
Ncs sltclter 1). 195 issue: and lfIIl( R's 'A cooperative regional programme in Southeast 
Asia. a ivc-\car plan of action. I985--89' 

This chaplcr highlights Ire sionilicani developrenirns nientioned in the two reports aiid 
provides persllial vie\poinlts oil certain issues. 

Signiflicant (eveo)pmenils in Soulliheast Asia 
I. Throuigh independent in-countryorregional initiativesofiational progransandwith

fuiding frn 1lBP( R, work oil germiplasln collection and maintenance of important crop
spccic, s intensified. Sollic 4( collection missions were conducted, adding to the existing
collectins solle 2ff ((0 new accessions. Collection work focused ol crops representing tlhe
 
varied interest of participatirre counitry groups  nilghean soyabeati, groundlut., 1'1,m.' 
,,pp.. wingcd bean. liopical vegetables, taro, sweet potato, yam, cassava, mango. durian,
rabilan and hanana. Indonesia and Malaysia undertook collection work fOrruhber. oil palm
and cocoa. ('ollectioi for spices was undfertaken in Indonesia. Philippines aid Indonesia did 
exploration \,ork for sugarcane and cocoinuts. 

I nder a collahborative arrangement involving the International Rice Research Insti
tteCl IRRI). rnatiu0nial C'enrCs and 113IPGR, sonic I (10(1see(d saiiples of'rice were added to the 
collection, hringing tIhe total numiber to more thai 75 (0(1(1.

2. The international research institutes localed outside tile regioin collaborated with 
iational prograris ill niridertakin conprehensive plant collection iissioris fOr certain 
ilidaled crops ard lieref'ore, have assisted greatly in the rescue and conservation of 
"ccrinplasili materials nitive tIo tie region. 

3. The regional collorativC Clldeavulis Oil gCrinlplasiii conseiVatiOll have transcended 
nalional harriers and protective interests. There has beeni a sharing of genelic resources and 
responsibilitics for saf'e-keeping of lie mraterials. For exaiple the balnala collections of,
Malaysia. Thailand. Inidoriesia and Papua Ncw Guinca have duplicate sets hrought to and 

-&.~ j 
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orown in Davao. FPhilippines. ThLe sed sloraCe l'aciht\ of' the National Plant (einetic
RCSouLrces l.alorattorv (NP(;IRI.) of thlie Institute o1" Plant lireedirn- in fil lei lilppines has 
acrced to keep adoilcate ctlh_1ctHnj o uinite'aIn, tnitiatit anI cahba's ltm AVI)" ard 
tile \%ineed bean accss,,ions in l apia Nc, ( linca. Similarly. tile fa'i lity' o1 theslut, Co_ 

Natioial Gejie Bank at the ThaMland lstiteotC <S'ientifi and "lchmohwmc'iI Research serves 
Is tie elobal reptos il+\ x acilit\ lIM- llai..,r0\\'n.ed bull Mnd the Asan 

4. A iIiiibCl o11L untrcie's illS0tItllhC ,tAsia have sOl, lt mstit, tlC hel theiractiviics oil 
eeHItlfltlsllii COIl1,rsatioll b eIlistiii- 1oveIvmtimntal slppmt and unily in the diflferenl 
activiticsll Crinlasin cols'a\tioll tiloln o mi+-conlIII eCa,,lhclaaclcies. 

5. (C'onmtries illSouthlast Asia. na'ml tl e l'hiippilims.'lhaiand, Indonesia and Malays+ia ha, eestlablished dequate phdys.icl;t facilities,fnr mmdiunm- and loihi2-telrt stoiraee thiroieh 
r]iatihmial In iiils p ide\kd bhv IlIlP( b~ilaltcal ais.tatce (.lh in ;IR. ointelrnitionatl hank loan 

aissistatce pror,ams. lhe+ l'A()/tJN l)l Laos the 
'+ projects it and Vietnamlhave funded 

stablislnint oh neldtim-tetIl stra c facilities. For il .il l conservation, a ntinhr of 
nationatl parks, hoest rem'Ces .ardeis have hen established in Indonesia.t and botanic 
Mala sia. lhailand and tie lhiilippines, lor cetatively propagated crops and thoe which 
produce r'ecalcilraim seed, field genchanks have ben established. 

6. A prnmrai oin lanpo,,cser dcvelolment f1r the reCtiln has been purslud throLngh short
tei-Im technical Irainin in selected ils'it[tios \ithin tle rlegion oi. postgradnate training ill 
the Universit\ o lliindieham, tIK..Some 2)1)cscntists ltom Southeast Asia havC tndCrgonC 
short-term trainting and 2.3have complcted their masters ofrdoctoral degree program in 
clitic resources wkork, thtus providing a cormps ol prolessional people. 
7. Ii recetI years, plant hreding pirogrants in the Philippines. Indonesia. Malaysia and 

Thailand have developed their capability lo'r intensified research. The scope of' research 
activities In brceding has grown to the exteIttlhat tile cuo!oiCal nCCds of' the different 
pro+dtucton areas are addressed. The expanded activities will tuis cnsunrC that the available 
gCt pills arc imore thorlughly evalnated. CXplndCd in site and evetllI uili ed in varietal 
improvement work,. li fact. i plainhtg fOr the succceditg live-year period of operation 
(I1985-89) for germplasm collection fkor Southeast Asia,ilhe needs of' ihedifferent breeditg 

riori ty cos thrmgh fo rn,i 
seven inter-Asian working gioulpS CsLablished for the region. 'he seven working committees 
have met arid (eIntifid ilhe gaps Ill the collectins that need f'urthcr attention for plant 
exploration. 

programs rccei ,IPv iidera! ioi consaltations within each of'tie 

Some issues related to genetic resources work in the region 
I. The past collectin acti'ities have resulted froil1 ;1+ tohurried respoin se a difficlt 

Situation and the strategies and the procedures hollowed lacked tle refinetments ol'adequate 
sampling to represent the array of genotypes across divergent ecologies. Primitiv'e or wil 
relatives Of cultivated species Were noticeably lacking and probably not deliberately sought 
by the collectors. 

2. Cha'acterization and e'alunationi work has not kept pace withIi the groivig size omftile 
cOllcCtiolls. The volume of' work to be accomplished is overwheling. hlie work is also 
regarded as something routine and nmav liot attract hliebest of' talcnls. But the real problem 
is time limited availahility oflcXlPret'isc. inl relation tm time extent mlfthe lasks and detailed 
tltireintts in documentation. For example, tIe descriptor lists that have heen developed 
fiOr \,cry claborate. is important, if' theeach crop group are The joh (if characterization 
collccted materials are to be made vaILable ti tie nIsCrs. It is also the (olly' iimeasls by which 
rcdLlndalcies inthe collection can he linimized. The de'elopiment of a cOmpteCriteddata 
storage and retrieval system is also essential. 

I' iled Nations Dev'elopineri tPrograms of the I.ud nd Agriculture Organii,,alion. 
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3. The iate , tl tilition of, 'et ic resources f'or hreedili pnilposc s flits beel regarded 
aIttoo Iomk Ito \\ arrallt the hih costs of' explorationi and IlilIellance. The low ratle of lsage
i' ie il palt to the lile kw' ill detectiIc the prenice (f"c'nctic traits ill the gele pool and 

Cri kiln their .orilh. Hut it cal be arned tha: once a v'alnable cenetic trait has beeni 
,iiccslIi tilil/Cd in eiiticinc the valtue of* i cunllivitedr).rand is experiences have 
,l),, i. the conloili i" l' -ofl' , ire l1t'u iltoulh011ullIvto .jtistif'v the costs of, iiiltaitliig the 
cltilc 	'eiillipla"ll tollcctioii. 

-4. [he co t of mIalintenn;eoL'f -rIpIIIIIlam is very high and places a lorden01e collectioni 
oni the ii,,utlla\ thill ICe,,ource' , f alittiotial pra) i:+lls. The e.neCry rCqirMeiillts o li'perat cld 
Noraic I Iiciliies, the hich cLosts ofl iitlta.iiil tf itlId ,cenbank oralileriative ways olin vin 
ciiltnlr anld cropresr.vatioll ie probflemIs that national prograni s wx'ill continiC I11grple 
\\ith. 

5. The RICSFA has had al aLspicions behiniIg ad i lprodLCtive life. Now it faces 
uncertaintv as to its l'utir operations and role. BLnt evert il the regional programl ceases to 
nnilon.clil, the national lprogram s have already developed their capabilities to serve needs. 



CHAt ER 6 

Recent developments in Nepal 

Si.. MAI.IA 

Nepal is located between latitude 26022 ' and 30'27' N and longitude between 80'12' and 
8'XI 2'E. Its altitude varies from 6) it above sea level in the southern plains to 8 948 m at Mt. 
Everest in the north. The steep gradient o! altitude, temperatLure and rainfall, and micro
envirolrnrlents has provided a suitable homeland Ior genetically diverse crops and rich flora. 

Food crops 

The decriptiorr of tlre crops and the genotypcs in Nepal result froi a Japanese Fxpedition 
made in I952I-'9i53 (Kiliara 1956). These resulls recognized nrany different landraces of 

hcat and barley. Witconibe (1975) nade a collection of wheat in the eastern hills. Rice 
gcirilplasrl has been fkirly ,,elI collected arid iiairitained at IRRI in tile Philippines.

IBt( R sent the special rfullticrops collection uission to Nepal twice unlder the leadership 
(of Prel,,sor IM.li/uka. Japan. The first one. sent romi I November 1984 to 12 l)ecember 
It 8 4f,collected gerniplasi lrom Westcrn Nepal (Juinfla to Nepalgunj) and Eastern Nepal 
1ukla t(o I)haiknt,). Tile rniisiori collected over 2 (too sarmples of Xi) general li.uka 1986).
lh colld ri,,siorn in 0)cober/Noveriher I985 v,a.s sell! out to Western Nepal (I luila to 
)ipaait.lThis irnissiori collected (vcr 2 800))sariples of 80 genera (lizuka 1986). In addition 

to thi,, IHlI( R arra'ed for intern Mr S. Yanaoihara. Japan in 1985-I1987 to collect 
gcriniplasrn oflrop,, for 15 riorliths i,1 theareas riot covered by Prol'essor liiuka's groups. Mr 
Yaragilmara has collected gerrplasm froni different parts of Nepal except l'rorr the restricted 
arcas inl tie northern region bordering Tibet. The duplicate samples of the collected 
geri lplasr have been stored arid rainlained at lhe )epartrnnt of Medicinal Plants and the 
1partment of Agriculture in Nepal. 

Economic plants 

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

I Vitro cul1tuii re ofsome 01f the important species of iedicinal orchids, herbs and aroni atic 
plants, valuable forest species and fodder plants, sone agriculture crops, hrorticultural plants,
etc. isbeing carried out in the RBG. Important medicinal plants e.g. Rauivoyi'a. Afropa Illa
(on/a. l)iO corea,Pvrelhrunmetc. are also being minairtained 1y in Vrm ct.lture. Nepal keeps 
plants of great potential value ranging fron important agricultural crops, medicinal and 
economic plants, and other valiable wild plants irivUsiVye of fruits aid forest species. If these 
are properly assessed and maintained through in Viro cutlt ire te hiiriUe as well, they will be 
an asset and of ininiense benefit leading to effective conservation and development of plant 
resources. 

Four dilffereiit Ilerbal Farms oitlie Department of Medicinal Ilaits established at different 
agro-clinatic regions arc test growing the potent medicinal and aroriatic plants. Vrindaban 
Ilerbal Farm at IlCtauda in Southern Nepal at the central development region has so far 

a
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collected oxer 55) plants Consisting o)f 339 accessions of medicinal and atromnatic plants
belonging to 135 genera andI 175 species. They are being conserved in field genebanks and
in sed sorc. ()f thesC 45 1iaMe been evalualed for their agronomy and chemical COnISlituents 
(ID)epr of Med. IPlans I986-8X7).

li additiotlo tis, forestry lenelic resources have been conserved in situ in nine National
Parks and Wild life Reserves of the Counlry. Seeds of some 40-50 indigenous tree species
ha\C b'en consCred at 3 -5("at th ('oimmunity Forestry Development Office, I lallisar in 
Katmin aindu. 

(Concl'lusions 

In Nepal the plant genetic resources have Iot been collected from the northen remote and
re,,iricted areas (for tle foreigners) adjotining tlie Tibelan Au toin onous Region of' tile
Republic of ('hilra. It is necessary to recruit arid train Nepalese personnel as IBPGR interns 
for the germplasin collection f'rom these restricled areas to collect medicinal and aromatic 
plants. tle crops and fruit trees. 

Ilis Na.jest"s Government of Nepal isquite aware of the imiportance of the plant genetic
resources. With its limited resources ithas started aplant genetic resources program. To make 
it a fully -fledged program. fite existing facilities set up inl Nepal need to be exlended for 
fruitful aclhievement. International agencies such as II'(R, FAO. UNIP, LJiiesco, Japan
International Cooperation Agency (JICA), etc. iii this respect, can play an iiportant role by 
pro\ iding support inaccelerating the pace of plant genetic resources activities inNepal andleadirng to conservation and utilization undertaking for the benefit of' country and mankind 
ats a whole. 
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The cLirirni .staLus o plant genetic resources activities
 
in P1Lua New Guinea
 

1<. N ANMI lL 

The eietic erosionl of*wild and cultivated genuplasm of food crops and other benel'icial 
plants may not le seen as serious in Papua New Guinea (PNG) at this stage. Ilowever, there 

ill come a time when all of this rich diversity of germplasm malerials will be lost forever 
if )o car'ful planiniig is put into conserving these materials now. PNG is very fortluale to 
ia\ joiiied the I IPGR South Fast Asiam Regional Pi*ml. It is through this program that 
the country has taken an active role in cotnserving its diverse and rich hcritance ofl plant
"Ceutic rcsourcs (PGR). Although the country is limited in techlnical allpower ald 
financial rCsotrcCs, it has Undertaken a inmber of PGR activities in the 'ields of exploration
aiirl collcctine. conservation, characteri ation. evaluati'on, doc iueittlioil. utilization, stor

arnd training. 
The two National Institutions that are involved in the PGR p rograms are the Department 

01' A1.ricuIturc and Livestock ()AL) and the University of [echnology (Unitech). )epart
nlicil itriy personnelof A ric tituirC.Tlhe coun i has a national committee for PGIR made tip ofltel 

Irolll these two Inst tut ions. 
lie national collections of various crops are maintained oin DAL Research Stations 

throutghout thC country. They are maintained as active collections or in 'field gcencbanks'. 
In this Chapter. I will only cover the current germplasm activities in the country. What has 

happCnCd dliing the last ten years has been summarized in a paper entitled 'ADecade ol'Plant 
Genetic Resources Activities in Papua New Guinea' (IBPGR Regional Committee f"or 
Sotlheast Asia Newsletter. Vol. 9. No. 3, pp 13-15, I985, R. N. Kambuoul) 

Expioralion and collecting trips 
A nnibelhtr if collecting trips was undertaken in past years sponsored either by IBPGR or 

iihcr Interiiational Organizations. The staf'f of DAL con tinliOUISy collects germplasin mate
ials \%he theyv go oii garden surveys. 
A major collecting trip was recently carried out in October 1986. This trip was sponsored 

joilitl by I IPGIR and tle Japanese Government to collect traditional root M.id Lifber crops, 
greeni lelaf vegetables and barianas. The collecting team visited six Provinces, but collection 
,a,, dorhc mostly around West New Britain and the North Solomon Island Provinces. The 
crops collected during the trip were: taro (Colocasia esc'tie'nta)94 accessions. sweet potato 
(1polom'e batulus) 54. haiana (Musa spp.) 52. aibika (Abelmos 'has manihl) 2, cassava 
Mabnihi '.h'alcla)2, yain (MI)ios'orea spp.) I I and taro kongkong (Xanthooma spp.) 8 

;I e s"ioIs. 
All collected materials except bananas were deposited at lBUlia Agriculture Research 

('entre il Lac. The banana materials were added to the Papt a New Gtui ca l ioBigical 
Ftm)idation <IPNGB[) colleclion at Laloki Agriculture Research Station in Central Province. 
IIi Sltcmber tils 'ear tle IBI3PGR and the Japanese GovernmruenIit spon sored a second 
cLllecling trip to PNG covering the southern part o the main isad arotiid Popondetta, Milme 
Bay and ('Cenitral Provimices. The collecting trip was undertaken during the time this paper was 
Icin written. Theref'ore. it is not possible t discuss the cone nt ol'tle collection. The main 
rIll spccies likely fto be collected are sweet potato, taro, aibika and other minor rool/tUber 

Crolp". 
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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. Tile germplasm in these collections 
came trom all over the country. The main ones are sweet potato, banana, taro, yam, aibika, 
sugarcane (S''hartum spp.), cassava and sago (Metroxvlhm sag'u). 

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 istested for viability every
2-3 years. Almost all this gerniplasm is introduced from overseas genebanks for research 
purposes. femain seed collections are rice (Or'vza sativa), peanut (Arachis hylogaa),
mlaize (Zea ma's)., sorgllui soyabean (Glycincma.l), rnungbean (Pl'haseoltr,'etts),adzuki 
bean (Vignaangularis) and winged bean (Psluncarpus tetragonto'whhus).

The sweet potato virus-free materials are stored in vitro or as tissue culture materials. The 
in vitro technique isnew in the 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 anumber of field 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 8(X) accessions were initially collected, 
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hit three-qartlleLs of the Itaterials Were lost, due to a.Maintecilne problem. The remaining 
collection %%asthen transferred to Laloki Rese.arch Station. The collection now has 286 
A'cessionS. A total 01f178 acces,-iots fIrott the Laloki Collection were sent to the Regional 
lanana (Gerinplasi Collection at l)avao inthe Philippines.The National collection is held 

at Laloki and is mainlained wilh internal funding. 
S\.,cCI potatL collectiotIs aireheld at each agriculilre research stationl. The national 

collection isat iheIll-hlands AgriCUtreIbxperiincnlal Station (I IAFS ).Aiynra. Some 1079 
accessions ar. ntainlailed. The Aivra colctioClln is lurther duplicated at Kuk Agriculture 
Research S!ation in MonI I lag..n. 

The Io0.and collections are maintained at Laloki (953 accessions). Buibia (68), Keravat 
(267). Saramandi (81) and 1hnitech farm ()1 accessions). There are d plications in tlhe 
lo\land co;lectiotb. but it ishoped that once these collections are characterized this problem
will be solved. The Saramandi collection consists of 16 accessions from wilhin the country 
and 65 breedine lines from the Ilernalional listitute for Tropical Agriculture (IITA) in 
Niveria. The [Unitech collection is made up of 30 cultivars from the local areas and 61 
breeding lines from the [inive rsity Plant 13reed ing Program.

The National Taro Collection isheld at Bubia with over430 accessions. Keravat holds ten 
accessions while Ai *'VLaand Saramandi have 48 and 23 accessions, respectively. Again there 
are duplicatiotis inthese collections. 

Six vain species are maintaine~d in active collections in the country. These are Diosorea 
csv'til'tt D. lha. D. DI/h/i'r'.I. hispida, 1). pentaphvh and 1). nummuihwia. The Laloki 
collection is the largest with 187 accessions. The collection initially had 900 accessions bit 
most were lost through maintenance problems. 

The Saramnandi collections consist of 20 D. e.sclcma and 16 1). alata while Bubia 
maintains 24 0. a/aa and 39 D.eusclena. 

The collection at Aiyura holds 16 1). a/na.3 1). hulbifi'ra, 10 D. ntmnularia and I 1). 
/)ntfl)I '/v/la. 

The cassava collections are maintained at four locations. The collection at Keravat isthe 
largest with 34 accessions. The Aiyura collection has 12 accessions, Laloki has six and B3ubia 
only four accessions. 

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

The PNG sugarcane germplasm collection is held at lBubia. From original 206tile 

accessions collected, only 72 are now surviving. Poor maintenance of the collect ion has 
contributed to the loss of germnplasm materials. From tile72 siirviving accessions, 32 are 
Sac'harun of/icairrum. 28 are S. edulh'. and 12 are S.spumhuwu. The Aiyura collection 
holds 25 varieties of'S.of/'icinarum and 4 ol'S. edh,.while Keravat maintains 14 accessions 
ofS.cdle. I'lme onlv sugar mainu f.actring company inPNG,Rami Sugar ld,also maintains 
ai active collection ol'sUg :rcane gerinplasm. The collection currently holds 297 cultivars and 
breeding lines all introduced fronl overseas genebanks. Fourteen cultivars from the colleclion 
are commercialIy used in the production programl. 
Tie traditional gre ienleaf vegetable collections are maintained at Aiyura and Keravat. 

Aiyura maintains tell species - all have less than tet accessions each. The Keravat collection 
has four lowland species each with fewer than five accessions. The common species are aupa 
(.'llmaranthusspp. ),kullnll osong (ic'us spp.), tulip (Gtuelm .'ineon). valangur (Pol'sc'ias
v'ertiallama). moku (Rungtia klossii), nase (O'tattlu'ja mti(a). karakap (Solanum nigu) 
and highlands pitpit (Solaria )ahtIilia). 

Sago is the main staple food insotne parts of the country, yet very little has been done in 
ihecountry to conserve sago germplasm in e.vsitu set-ups. Most edible varieties are grown

wilh and are harvested fromn their tnatural habitats. The Saramandi Research Station has 
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collected 13 varieties froin the local area and they are maintained in tile collection on the 
station. 

Well over 20 species of tropical fruits and nut trees arc held at Keravat. Most gerniplasi 
is collected within the country. There are varieties in the collections that \,ere introduced 
Iriln Lverseas geneban ks for research pL rposes. 

All cash crops such iscocoa, coffee, coconut and oil pallm are now iltilehands of the
 
Research Institlues. The)'are solely respoiisible for any rescarch/d cvelopneit programls for
 
these crops. The arahica coffee collection isheld at AiVtura while the rohusta collection isat
 
Keravat.
 

The illain cocoai collection is held at Keravat wviih 364 accessions altoeether. The oil palm
 
gerlliplasin is maintained by the estasS resp)nl,ihle for Oil palll produclion inthe couittry.
 

('haracterization an(d )reliminary evaluation 

Sonie collections have beell characterizd usill[tie Ihs descriptor lists, while othersBIGR 

ac \ t to becharacteri/ed properly. Most ofthe accessions in these collections are agronoini
CA\llv chlrlclerild Ifte the\ lr screened-CIw)Ihpreliinilrv \' valuation studies. 

Recentln\ no0 characterization work has beell done on the existing collections. 
The two ntiional collections properly characterized ire the sweet potato collection at 

. rai\
Un11d the taro collection at Bubia. The sweet potato collection was characterized three
 
\es aCo b12I)r II. Takii. an IBPGR intern to PNG at that time. The taro collection was
 
Iartiallv chlaracterized hlast year by tle einbers of the Lowlands Food Crops ResearcIiTam
 
at Bubi;i. 

Vaio is otiesr collect ion s iiientioned inthe prsviois section aire agronomically character
izd ail] ilif'ormation iskept in mtanal forMn aleach Research Station wher tilecollections 
are located. 

A preliiiilary evalMtion study is carried oLut Oi illaccessions that are introduced into the 
collections.Observations are made on their overall growlh perl'ormance, yield potential and 
pest/discase resistaince. ResltIs from these studies enible the agroiioniists to carry outlfurther 
agronoiiiic evaluation oiithe promising accessions. 

Soime 30 cultiv ars of sweet polato fron tole I aloki collectilnl ar be ii screened in 
preliliiinay-V evalu1ttolln studies conducted at tell dilferet Itocatiolns in the ('entral IProvine. 
A group of'27 tissue cultured lines firoii AVRI)C, Fiji adA Japan were released rom the insect 
SCrl'l hoise and are heine e\aluated ill the field at Laloki Stltilln. AboutL 65 sweet p(tt(i 
breeding lines from IITA are cuirreutlI undergt ing a lareli in iiary evaluiat ion trial al S ar
amnandi. A total of6 I breeding lines from the University are being evaluated a tihe Uiiversity 
l-riiin La e.
 
,TheTaro Agronomy Prograii at Btilbia iicILideS a preilinilary evaluatition LI3(1accessions 

of taro froni the natitional collection. Results from this sludy will enable the Food Crop 
Research TeamIt identify suitable varieties oLtaro ftor advaiiced agronomic trials. 
The StiNaraCine, accessions are evaluiated by tile i lie 111a1i. Sutgar CoMNpry.agrtntoiis t 

Preliminary testing is ainesseltiaI part of its research/prod tietioL program. 

Furlher evaluation 

Flrther evaluation inthis context refers to agrinomic evaluation. After the preliminary 
evaiatiin [tlie sLi periorimaterials are selected aiid fuirthliertested for their agrontonic potential. 

There are several aigronlllic trials iii the field atthe iolllenlt til various crops.Tell ianall 
cultivars f'rtn tihePNGBF collections were selected and are being tested intrials on variety 
x sucker size x pruning and variety x btiich Icover. 
A number of*promising Ctiltivars from the collections are used invariety testing programs 

-itdifferent hocatio..,inthe country. Some superior cultivars from the Laloki collection were 
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selected and Irirther tested inl a variety x llanure trial on the station. A study on the control 
of sweet potaltO scab is being coiidicted ill tileLaloki usine ICtltivlr I'LImlncollection that is 
Very susceptible to the scab disease. 

SOie1 ' tltiars l'r ire beillg J)11! tllht.Lih the variety tcstIuC00d1 Miithe niatioiial c(Illectiln 

progran it.\iyura and Kuk.
 

Si. ColllllllctIivars olItaro fi'oi thI1e
collection are hirt'lir tl'sledlIOr their yield pefrm
lice Under f'armers iheld 1t Mialalhan.e h'ril near lie. Trials are onl iarobeing carried otll 


beetles and tarn lea dCfOliators lisine sotle aiccessioll, Irin the collecliou at linbia.
 
Somle protllilsing 0. atI cillivarsae Lsed illlsltudV oll the control (11atl1lilcnose disease
 

llSaraiandi. T'eIC cortuiOln v'riCtiCs oI'yill ill
the Selpik Province are being,tested in a variety
 
trial oii the station.
 

The CuirtCnt evahliutlin stud' condJcld oil Aibika is in the field of' entotmology. Solme
 
Coninioii0 cltivats are used illtrials o thile
control of'aibika leaf-chvewing insects and tie
 
insect poplation dvmnlic studies are conducted at l3tuhia. Two loptilar varieties inCenitral
 
Province are beint evlnated at Laloki ill the chicken iiianure trial.
 

Somec prtmising sugarcane cultivars atid breeding lines are tested in variety trials intile 
Raitm valley. The recenlt problein of tileRaniU disease lias prompted tileagrtnolliss and 
plaIt pathologists to screen their ctltivars thoronehly and ciidtict trials on the control of 
Ratinl disease. 

Ag rio1t liC eva I n of casI crips takes lplace at aitliiibe r Isites in tile CotnI try. VarietalI 
studies oiicocoa are conducted at Keraval. The arabica coflee evaluattion studies ire carried 
uit illAiyura by the agronomist oft lie Colfle Research hstitt le. 

The I)AI hybrid coconut testing program Iihat was commenced Ihive years ago is 
cintintiilg. The hiybrid cocinunt hIocks were set Llpat i I nbt.' of sites ineacIi coastal 
IProvine il lie cotLilitry. ObservatiLns are beihg iade (illtlie overall perforinances auth yield 
potntial of"each type of, hybrid underlitese particutar environmental conditions. 

If ilization and documentatiron 

Iaterials f'rom tile two ways, in tileThe eletic collections are utilized ill breeding aid tile 
produtctioii pirograins. There is lot Iluch research going oti in crop breeding at ilie Illorllenl 
owin to lack ol' Iroper facilities and technical know-how. The twoi on-loin activities oil 
ttili/ation o' geriplasin in breeding are carried out otil coconits aii]d sweet piOa to. For 
CtiIIi1its, pollen f'rom the selected local tall varieties at Bulibia and Keravat are used as a male 
pareit illthe breeding program. 

The sweet potato geriplasin used inthe breeding work at Unitech is 'roin the collections 
at AiyLira and Laloki. 

Utilization of gerniplasin materials tlrtgh th1e pIroduction programs lia..,been tie main 
emphasis in the cou ntry. When accessions aricollected or introduced they aire liut through 
tie preliminary evaI lti iOi trials. The elite ones are selected :nd fIurthelii tested iil agronoinic 
trials under adverse envirotmental ctnditions. After some years oftesting the best accessions 
are released as varieties to farmers for production. 

F'iglit sweet potato varieties from Aiytira have been released and are widely grown inthe 
highland areas for subsistant cOinsLitiption. ,Some varieties froiii tilie collectiotii at Buibia. 
Keraval and Laloki have been distributed to l~irners for product iin. 

Three varieties of dessert bananas from the PNGBF collection are now commercially 
grown inLie atnd Port Moresby for the domestic market. A number fl'cooking atianas have 
been distribitted to subsistelCe farners for clltivatiiln. 
The comnnnon ctltivars of taro. aibika, yarn and cassava are grown widely by flarmers 

throLughtt tileCOUlntry for stibsistentce consulption. 
The gernpla nl collections in the coLIntry are doctuinenlIed in two wiyS - in computer 

f'i0mnli and aS rnanuarecords. 
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collection alAivura and the taro collection at ubia. The taro collection is partially docti
niiiited. Those accessions not doc mtInited on the computer are kept in 111maILa for111. Tile 
S\\ecl Potato do'iiillitll:1tj0TI W done bhVthe _N)/FA()Team in Fiji with local assistance 
frori I)r II.'lakagi. "hc conputer prinint aid the diskette arc held at Kuk Research Station. 
The tarn dhOLnentatin was (loe l)f IhD ('ox a th IeI.o,\ 

('o0ruufte d0tlcilUentl.liofl donll+e tIo collections only. Tile national sweet p~ott( 

1, r linds FIood Crops Tarn On 
alcorprter at liubia. 

Ilriforrrlatiol on other collections discussed ill the section on coll se r'atiori and collections 
alo,\'e are sctieIIIteh.d rnnItal,' arid are kept il files at each research station where the 
collect ins areMheld. 

Storage 

The .erriplasm of seed crops like grains and vegctables are maintained inl short -ruedinn 
terillcool-room st mage flacilities based at each research station. tile ct(ol-rom storage 
I'acilitie, operate at IW-15 Cand are not always reliable especially in areas where powercut

toft is f'rCLIenit. (Gerli asriof rice, ria i/C, sorgIitinri and(l)LI se cr-O)5s a re conserved unrder illese 
conditions. Most of this germil p asni is itltrodtCed from overseas ocianks for experi men
tal purposes. 

The winged heart gCrrn p1lsi is local, bred by tile University t hroungi their plant breeding 
progrml. A complete collectior of 5 I0accessions of' winged beans is currently held at the 
Ret!ioral Genetbaik initire Philipfpines. 

Connclulsions 

'Ihecunera I id,.a of coniserviing crop germplhsii in collections is being recognized by many 
ariculturalistS in tire courtry. The agricultural administrators and higher authorities are to 
s)riie extent aware of the imporlarice of preserv ing the gerrphasm materials ol'various crops, 
prlicti'larly the traditional 'ood crops that have a rich diversity of genetic materials. 

'[he contr\"S main concerin at the molmlllenl is ill maintenance ol'the existing collectionstile 

arid to ernsture that the diversity in 'ood-crops gcriplasrn are sal'e froim genetic erosion. 
Lrlipliasis is also placed on utili/ation ol'selected varieties from the collections for f'armers' 
p+rod ctii . 

Not nmch is being done in the country at the moment inl the fields of'characterizatioi, 
docurrucirratiOri ard utilizatiori (breeding). A shortage of' fInds aid inMdCuatle techlical 
kron\ -how are the main obstacles to progress in P(R activities itmPNG. 

The cOLNtry is gratel't to IIPGR through the South EIast Asian Regional Program for all 
tile and technical assistance given duririg the past years.linancial 

We appel to I 1IPGR to con tinuire its support and fhincial assistance in I'uture, for tilie 

htterimcnit of' conservatioil of plant gerriphasr. 
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Field genebanks of traditional food crops in PNG
 

Comm Scit-i lic No. of 
a
IIlne IIaIIic accessitlw Locations 

Roots, tubers & starch
 
I II S%% Ipomuca 1079
el ,alatia IIA:S (Aiyura) 

953 Laloki 
68 Bubia 

267 LAFS (Kcravat)
91 Uniled Farm (Lac) 
81 Sar.imandi 

(2) Taro Colocasia escuenta 430 Bubia 
I0 LAFS (Keravat) 
48 IIAES (Aiyura) 
23 Saramandi 

(3) Yams Dioscorea spp. 187 Laloki 
D. alata 56 Saramandi, IBubia, 

Aiyura
D. escuh'nta 59 Saramandi. Bubia 
D. hulbifera 3 Aiyura
D. nummularia 10 Aiyura
D. pntaphylla I A iyura 

(4) Cassava Manihot esculenta 34 LAFS (Keraval) 
12 IIAES (Aiyura) 
6 laloki 
4 Bubia 

(5) Banana Musa spp. 286 Laloki 

(6) Sago MetreqX vioyhsagid 13 Saramandi 

Leafy vegetables
(I) Aibika Ahelmoschus manihot 42 Bubia 

41 LABS (Keravat)
68 Laloki 

5 HAES (Aiyura) 

(2) Aupa Amarant/tus spp. 3 tlAES (Aiyura) 

(3) Kumu Ficus capiosa I HAES (Aiyura)
miosong 

I LAES (Keravalt) 

(4) Tulip Gnetun gnemon I LAES (Keravat) 

(5) Valangur Polyscias vertivillata 4 LAES (Keravat) 

(6) Moku Rungia klossii 8 HAES (Aiyura) 

(7) Nase Oenanthe javanica 5 1tAES (Aiyura) 

X9)Karakap Solanunt nigrut I HAES (Aiyura) 

(9) lighlands Setaria pahnifolia 24 HAES (Aiyura) 
Pitpit
 

Sugarcane 
S.Saccharwa spp. 297 RIUM Sugar Company
S. ijTcinaranm 57 Bjbia. Aiyura
S. edue 46 flubia. Aiyura.Keraval 
sp.
,ontuneuttU 12 flubia 

As at 31 August 1987 
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The utilizaition of vegetable oil in Korea is lower than that of any other nation. Starch is a 
irlajorconiponent of Korean traditional diet. Most oil has been lorcondimenlal use ill Korean 
f'ood.),artictilarly from se same and perilla. Indnstrializalion has enriched the social economy
and his led to ani increae ill collsrllll[tioll of vegetable oil. Not only has the pattern of use 
charricd to sialad from ltavoirirre Oil. but also has conSItnptii intcreaCd. 

Scallrc cultivatio hira been thought to be veryI long Ctablished in Korea. The record 
,,boy., that it ,prcad to J.pan ill A) 538 throtgh "Backj'c one of li medieval contries., and 
it \ka. thouht to he introdnced from India or (hirr with Blddhisor. 

Records on rapeseed are fuind in Lconomv u//orsir*vwrittcn ill 1643. and mnch earlier 
than Jlapan. But its cultivation. for rUse as salad oil, has been intiated only since 1957. 

'Oensnre sWll',,Lu'fficielcN, in sesame. stndies on sesame and its cultivation aid breeding
hiave been cllhsi/cd. By price stabi li.'atitad 1hir'nring lMons. production has been 
[proloted, and sesameiC has becoelll olie of the most contracted cash crops. So far no variety
has., been illprovcd in resistance to diseases. This has bCcole lie most important ob~jective
ill sCsalc breeding along with the search [Or Iigh yields. l)iverse gcrnplasm collection Irom 
tie temperate region is needed for this resistance breeding.

Rapeseed grok inby double crolrping after rice ha a. great yield poteritial to support sell'
sIlfficicrcy ini salad oil in respolCne to increaeC ( dmCnd. The quality and price shoUld be 
increased to that of' soyabean and ('nladiai carrola oil ald its )t'odLctionI needs su1ppf1or't and 
promttion. Productivity (f' rapeseed co Uld be inIcreascd by development of' hybrid varieties.
And because tIre male sterile and maintainer line has already been developed in Korea, 
. ermplasln collection has to be f'ocnscd oi restorer line source. 

ttilization of genetic resource in sesame and rapeseed 
lthouttlgh oil has been one of'the most lacking components intraditional Korean diet, total 

national demaud has grcally increasc'J from 30 0(1(1ton two decad,s ago to 400 000 ton in 
I Thre r.ti)of self' sf'fTicierrcy has dropped from 74-/( to 18(/ during the same period.M)S6. 
Moreover, vegetable Oil conIsumpltion is expected to continuously increase (Table I ).

As mmcli as 4/'/ of the vegetable oil COllSLrnred isfound to be of low quality and containing 

TAtlit; I Current supply and demand of edible oil in kilotons. 

Year '67 '70 '75 '80 '83 '86 

'roduction 21 22 23 41 32 70 
Import 8 30 74 158 278 324
Total 29 52 97 199 310 394 

t)olelic supply ("4) 74 42 24 21 12 18 

Source: Ministry of Agriculture ant Fishery 

10 .I!on 
AL V_ 
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much saturated fatty acid. Furthermore. more palm and coconut oils which arc cheaper in 
price are being inported (Table 2). 
Two major oil crops in Korea are sesame an( rapeseed. Sesame isone olthe most important 

TAilE 2 I)nestic consuiiption of' seeral kinds of edible oil (1986). 

Ililiii V,.'gvi"P- hl11.'COl Animlal oiloi 
oil RiCe 

,uppl% 5ciiiuc 1ic I'erill bra Se,;ibcin Palm (Xculi Olhrcs Totdl Tallow Marine Others Total 

IQ)I (Ki 13.1 2.2 4, 27.8 141.7 89.0 23)0 20!.6 322.2 53.3 10.4 8.2 71.9 

IW '; 0.3 1.61.2 7.1 W.3) 22.0 5.8 5.2 81.8 13.5 2.6 2.1 18.2 

al 06N tlc:l'alIII f(','iiiiii Aii = , i (1 4671') 

Oil sources. It ismainly nsed for condimcntal oil and for giving flavour to side dishes. Some 
90()(0() hectares are planted for sesame which is the largest among the oil crops in Korea. 
Domestic proditt ion of sesame is 4X 0(10 ton per year, being able to supply 98(k of total 
national demand. National self-sulficiency is expecled to be achieved in the near flture. 

Rapesced has a hi _,hyield polential to support sef'-stifficiency in vegetable oil and has 
ereat \alue if urSed m double cropping systems as awinter crop after paddy rice. But the are:, 
undecurlivation has been reduced grldually. because olfits low price. It cannot compete with 
irjR)rte( sO,'vaCbean. But inl spite ol its low price its uIs Is a winter crop after rice gives extra 

cilCOnic to guri icrs duririg the Williter sClSon. 
lT"O 	 and rapeseed, it is necessary to increase the yieldplrllitlc the production 	of sesaill 

poltential urgently to make ihem more competitive iii price compared with imported soyabean. 
The o "jectives of sesame improvement involve manipulating the branch type plant with 
tricapslle. (instead ot'llhe non-branch type with a riionocapstule) and changing the inflores
cence to determinate from indeterminate type to have balance with extended sink capacity 
and source. And the other target is to introgress the resistant gene oifimjor diseases attacking 
sesame severely. such as seedling blight, phytophthora stem rot caused by P. parasitica, 
flsarium wilt cased by F. vasi/iectum and leafIliglit caused by ('r3"vm'.s'uora c'assicola to the 
ideal plant ty)e. Such plants would increase yield 501(% or more (Table 3). 

TABLE 3 Sesame breeding goals. 

(haracter 	 (;oal 

Plant type 	 Nonhranched: tricapsule, bicarpellate Branched: tricapsule, tetracarpellate 

Germination at tow% 	 Below 12'C 
temperature 

Iflorescence 	 Determinant 

Disease resistance 	 Seedling blight. Phvtop/ihora, fusariurn wilt. Coryniespora 

Oil content 	 Above 55% 

Oil quality 	 High tinoleic acid 
Above 50% 

Seed coal colour 	 White. Black 
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In rapeseed, first of all, oil quality should be improved to enable it to compete with 
soyabeal and sunFllower as asalad oil. Oil quality can be improved by changing its fatty acid 
composilion, reducing tileerucic acid and eicosenoic acid, which istoxic to humans. Oil cake 
can be fed to livestock when its quality is improved by elimninating the toxic substance 
glicosinlolate. Iarly Inaturity and cold tolciance should be enhanced for double cropping
with rice and to ;llow cultivation further north. The last goal is to develop a hybrid variety 
-v utili/ing the cytoplasiuic-,enetic male sterility to avoid yield reduction caused by in

brecding in pedigree selections. Achievement of these sequential objectives in rapeseed
breeding would make it possible to be sell sufficient in vegetable oil (Table 4). 

'IAIII,EI,Rapeseed breeding goals.4 

'haracter 	 Goal 

Oil Content 	 Above 50% 

Oil and gas qualily 	 Zero-erucic acid, low-linolenic. :Jd, low-glucosinolate 

Seed coat colour 	 Yellow 

Maturity 	 Early 

(old olerance 	 Survival at lower than -5°C 
Disease resistance 	 Sch'rotinia 

Iligh yield 	 Above 3tM)kg/ha inpedigree 
Above 5MX)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. 

G(eriplasm collection has been successful for breeding material compared with other 
crops and collection areas are restricted to certain countries. The gernplasn in continental 
China is thoughl to be very plenltitil and diverse in variability of traits, and to be easily 
adapted to our coLIItrV because of the similarily of climatic conditions in the Korean 
peninsula, so it is very necessary as breeding material for sesame and rapeseed. But few 
('hinese accessions are used for breeding material in Korea. Anong a total of 797 sesame 
gerniplasm collcctions, of are the Korean landrace except for 281l(ost the accessions 
accessions introduce(i from 13 countries, and 634 collections of rapeseed inltroduced frol 12 
countries including mainly Japanese collections (Table 5). We screened tile collections for 
some desirable traits and selected 4 varieties with high oil content, 5 varieties with good 
quality oil iligh in linolcic acid, 35 1varieties of branching type, 491 varieties of tricapsule
and 3 varieties of determinate type (Table 6). Some varieties showed resistance to seedling 
blight (3), to phytopithora stem rot (2), and to leaf blight (4) (Table 7). 

In rapeseed, 35 cultivars or lines of high oil (over454 ).290with zero-erucic acid and 283 
with low gIlIcOsinol;lte (lower than 3 ng/g) were selected as tile breeding materials 

"'AIIIIE,5 Source of sesame and rapeseed gernplasin collected. 
I 

('rops 'IolalKorea Japan Tai\wan Europe Canada USA Africa India USSR Aust. 

Sesame 797 544 53 15 71 - 55 26 22 10 1 

Rapeseed 634 109 274 2t) 2t00t 10 4 - - 4 13 
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TABL E 6 Sesame germplasm evaluation for varietal improvement. 

Oil Linoleic
Characters content acid Branched 3 capsules Determinate Indehiscent(> 551,y) (> 5014 

No. of 
varieties 4 5 351 491 3 7 

TABIE 7 Sesame gerrmplasm evaluation to breed disease-tolerant varieties. 

Diseases 
No. of' 
varieties R MR 

Resistance 
M MS S Tolerant varieties 

Seedling blight 759 3 15 75 452 218 Suwon 20, Nigeria, Nepal 
l'hytoplithora iblight 479 2 2 28 320 127 Nigeria. Nepal' 

L.eal blight 438 4 22 230 166 16 Kwanguyc, 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 ascytoplasniic-genetic male sterile plant, and 11(15 cultivars were classified as restorers withfilament index over 701/ for the hybrid breeding to develop high yielding F,hybrid varieties 
(Table 8).

The characters translerred from geniplasm were plant type and disease resistance gene
in sesamle, and oil aind oil cake quality and cold tolerance in rapeseed (Table 9). 

TABIE 8 Rapeseed gerniplasin evaluation for varietal improvement. 

RestorerOil Zero-crucic Low Zero-erucic fertilityC(haracters content acid glucosinolate + low index CGMS CMS
(45-50% ) ((").9917e) ((4-2.99 ing/g) glucosinolatc (>70%) 

No. of 
varieties 35 29(1 283 179 I 105 5 3 

TABLE 9 Number of varieties used for crossing program. 

Tolerant 
Crop Quality to Early 

Seed 
Cold Plant coat Yielding

diseases maturity tolerant type colour 

Sesame 47 236 47 - 357 49 156 
('54-'87) 
Rapesed 81 27 56 72 19 1I 87 
('65-'87) 
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The CUltivar developed 1y the pure line selection method in the early breeding period 
showed 401 kg/ha. but I lanseonmggae showed 930 kg/ha, which is the first variety developed 
for branching type and tricapsule and released recently. The breeding target of sesame would 
be focused on introgressing the disease resistance and deterninate inflorescence gene to this 
variety (Figure I). 

Yield 
87 

91 93 

. . 

6 1 65___6 __ 

41
 

Year 1965 1970 1975 1978 1980 1981 1982 1984 1986 

Variety Andong Suwon Suwon Suwon Pungnyon Kwangsan Danbaeck Ahnsan Hanseum 
(Local var.) 5 9 21 

FIGIURE I Increase of sesame yield by varietal improvement in Korea. 

Rapeseed yield was increased to 2.89 1/ha with the developed cultivarby pedigree method, 
while the landrace showed only 1.94 I/ha. It was thought that to increase this yield level is 
difficult in rapeseed, because of its inbreeding depression. By hybrid breeding the varieties 
('heongpungyuchaC and Tankyo 19 were developed. These hybrids showed dramatic yield 
increases. 

Rapeseed varieties Yongdang arnd Nojeock have zero-erucic acid and Naehanyuchae, 
Yeongsanyuchae, Ial layuchae and hybrid varieties C(heongpungyuchae and Tankyo 19 have 
zero-erucic acid and low gIlucosinolale, that is,they are double zero varieties (Table 10. 

TAIIE 110 Improvement ol rapeseed quality in Korea. 

Rclcawd Oil P'rotcin Fany acids (%) Glucosinolate (ng/g)"
 
V fllitN year Yield collicll conent-----------------...................
 

kg/la) ('s) ('i Oleic Linoleic Erucic B1 PI OZT Total
 

"9ud9l 16) 2146 45.0 22.5 1.6 12.4 56.8 1.820.61 8.69 11.12 
1975 I1938 42.5 19.7 58.3 22.5 0.0 0.53 0.06 1.13 1.72 

Ylingdalig 1977 2 128 43.0 24.9 68.5 21.2 0.0 2.13 1.62 11.21 14.96 
Nolcg )179 2640 42.0 24.1 54.4 28.1 0.0 1.25 1.19 8.50 10.94 
Y'Oung.an ucIac 1980 2 889 43.9 24.5 66.1) 17.1 1.0 01.060.03 0.0 0.42 
Nachantiuchae 1980 2752 43.3 23.9 58.7 22.7 0.( 0.28 0.17 0.58 1.03 

I la)nluchae 1985 2550 44.5 24.1 64.8 18.9 0.0 0.45 0.30 1.76 1.51 
(hcoltglu),tichac (F1:)1983 4 120 45.0 24.2 63.9 19.2 0.0 0.2) 0.55 tI.50 1.25 
lank.w lI(1:,) 1185 4570 44.8 23.4 61.0 21.6 0.0 0.36 0.47 t0.60 1.43 

Bh I:nte inliNisothiocyana 'IZT:e:IIt 4-liiteylisotiitcyanat;c O 5-vinyl-2-oxazolidinethione. 

http:Y'Oung.an
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To increase sesame yield to 1.5 i/ha, it is necessary to acquire germplasnl resistant todiseases and to introgress (lesirable characteristics, and to extend tile sink capacity to balancewith source potential of" sesane plants. The complex disease resistant gene could beinlttoduced to ite culivalted species from the wild species. The barriers tO inltrspecific crossinlcompatihilit I)CMcCIIn lii Vatedl and wild sesame could he overcome VYtissue Culture,which is coiiiiiionlv used ill other crops. The indeterninate hranching i',pe plailh icapsule can Ice .tpple'llet with
b thile detlerminate ilflorescence geellhvt [he llulant

developed w Ashiii ill Israel.

(iermplasm 
 used ill producing high \vielding rapeseed shoUld have proper characters forh\ hrid breedinp. Because iapeseed isoutcrossed as much its 25(;g. inbreeding isdepressedald caLsC yield reduction whent the sced produced by sell pollilation is used to keep seedpturity in pedigree selectios. Actlually yield dropped 14(Z( after sell-pollination lfrthree years(Table II ). 

T..ABLE t t Yield depression (kg/10at tbYthree generation selfing in rape (Mokpo). 

Varieties Inbreeding Selling yieldyield Depression
(3 years)
 

Norm 14 
 279 246 12Norin 25 264 238 t0Norin 26 276 224 29Yidal 329 279 16 
Mean 287 247 14 

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

The oil and oil cake quality was improved in this male sterile line. The filamrent and antherdoes not grow at all, but also the sterility does not restore in high-temperaturc growingconditions unlike the Shiga and Tompsn CGMS (Table 12). 

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

Flower characters QualityLenglh of tcngli of Relative Oleic Erucic Glucosinolate 
filament anther position

(mm) (mm) 0- (6)) (%) (mgg) 
Shiga 3.1 1.2 2.41 9.6 54.4Tompso Bronowski 4.2 1.2 

13.20 
3.12 0.8Yudal 9.6 0.813.2 1.2 2.14 10.4Mokpo 58.2 11.740.2 0.0 0.0 65.1 00 (1 0.78 

F, progenies of'51 Icombinations crossed with the Mokpo-MS showed heterosis inyieldand some agronomic traits. The progenies flowered lour days later, grew more vigorously inplant height and number of branches with longer fruiting branch, bore more pods, and 
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FIGURE 2 -Ped igrees of c tiplasmic-genetic male sterille line, Mokpo-MS. 

Note: X indicates discarded plant (Lee et al. 1980) 

FABLIE 0 Conmparison (If agro4nomic characteristics between F, and its mid-parent in rapeseed. 

iL-nera- D~ale Pl ant Eiar Podts Total1 Fi4rst Densi ty Pod seeds I (XX)- Seed 
(wllowker fit. lenih /car branches branches pod setting length /pod seeds wt./pit. 

(cmi) (cm0) (cm) (cmI) (g) (g) 

Ml I 4.7 1.19 41 37 36 14 .0 6.1 26 2.5 172 

1, 4.11 164 49 45 48 18 7.8 5.5 26 2.9 263 

SNIP 4.0 45 8 8 12 4 -0.2 -0.6 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
bin'ations or 9114 of total crosses produced higher yield than mid parent (Figure 3). 
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I~iGiRE 3 Ieterosis ol" ,' using NIS and high quality restorer. 

Ilybrid varieties Cheongpungyuchae and rankyo 19 were developed by using the Mokpo-
MS in 1983 and 1985 respectively. They were improved iin oil and oil cake quality andshowed as much as 55(, and / yield increase compared6 7 with the check variety.('hCongpungyochac produced 4.12 t/ha and Tankyo 19 produced 4.43 I/ha in regional yield
trials (Table 14).


Many crosses were 
made to develop the maintainr for Mokpo-MS. Four 13- lines wereselecled as mainlainers hy introgressing the male sterile gene from the fertilc sister line ofMokpo-MS to Altex bearing normal cyloplasm (Figures 4 and 5). 

TIABI. 14 Agroniomiiic characters alnd quality of F, varieties dtieloped in Korea. 

Agrollonic characters Yielding QUality
IlIhrids 1I)
 

Plant Branches Ear No. of pods 
 No. of seeds Yield Index Erucic Gtucosinolale
height lengihi per ear per pod
(cm) (cm) 

acid 
(kg/lOa) () Img/g) 

Cheongpung 172 31 4647 3(1 412 155 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 0.0 1.03 
(clheck) 
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(36 plants) (9 plants) ( X plants) (9 plants) 
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FIGURE 4 Breeding scheme of zero-erucic, zero-glucosinolate mainlainer. 
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FIt1' RIE 5 Pedigre diagram (ifNlokpo-MS maintainer lines in rapeseed. 
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TAIBLE 15 	 Classification of' F, fertility restoration based upor. fertility index (F.I.) from relative
 
poSition of anther to sligma and width ot petal.
 

Restoring F, Partia restoring Non-restoring F, No. of 
(Above 1F.1.70) I:(F.I.40-61)) (Below F.I. 39) observed Frequency

SOlrce plants 

No.of F, Rate No.of F, Rate No.ofl+ Rate('4+) ((/4) ((4+) 

Eiurope 86 74 18 16 12 10 116 74:16:10 

Japanl 2 5 14 39 	 20 56 36 5:39:56 

Korea 2 25 2 25 4 50 8 25:25:50 

)omestic bred
 
ilies with 412 81 25 5 74 
 14 511 81: 5:14 
/ero-erl. aMtd
 
low-veghuco.
 

ttal 502 75 59 9 110 16 671 75: 9:16 

Selections were made for restorer line by filatnent index from introduced cultivars and 
quality improved pedigree lines. We were very fortunate to obtain 86 cultivars from
 
European collections and 412 line.s among the pedigree selections as restorer R-line for
 
Mokpo-MS (Table 15). They showed great variabi lily in agrononic characteristics and could
 
he tLliliCd for succesSfl' hlYbrid breeding.
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CI IAPTER 9 

Utilization of exotic germplasm in sweet potato breeding 

M\ASASI IIKOIAYASHI AND SATOSIt SAKAM()TO 

Since the introdticion of tle sweet potato in to Japan aboutI 371 years ago, tIlecul I ivated area 
had spread to a major portion of the cotinllry in atspll o'two centuries. A cultivated area of' 
aloul 15(()00 ha in 188( ha in 194). Although tileincreased to 441 (0() acreage began to
 
dcecrease al'ter 1950, over 300 000 la of'sweet potato plantings were still alitained nIainlv
 
as raw material for starch producLtion until 1965. Then,a drastic decr c of the acreage
 
occured due t conpetition with .starchprodu'cd trinl implorted rawv imterials.The tolal arca
 
planted with sweet potato had .lecrease(I at the rate ol abotll 101; p[\ar and 05 01f hlof' 
sweet ptotato cultivation was reported in 1 ,S6. 
The average yield was about 12 t/lia befue World War 11and it increased gradually

attaining 22 I/ha at present by the adoption ol improvcd varieties and iniprlirCclt of tile 
cultivation method. 

The main use 1or sweCt p+otato beltOre the World War II was ats lkd ft f'armers. l)uring
the War about 2(,' ol'total production was used as raw material for alcollol production. After 
tlie food shortage ceased aritnr wstarch prodtuct ionoId 195(0. tile sweet potato was Iiiaill vused fr 

and abtoLut 50"; ol'the total ',Isconstimlled lorstarch protduction in 163. At present tile
f'igIIres
 
for sweet poliat coInSLmptiotn 1r table use, raw material for starch prodLction. animal teed
 
and alcolol production are q(). 3(0. 13 and 8(,' oftotal prodlction. respectively (MAFF1982
861. The trend of comnsuniption is shown in Figure I. 

Roles ol exotic germilasm 
SN ,Icllatic sweet potato breeding started in 1962 inJapan by using inidigenotts varieties 

spiarelts for crossi i. Several excel lent cultivars such as Norin i 1,Nor 2 and Okinawa 100 
wcc released as a resuI Ilt 'sweet potato breeding.of tile initial phase ot 

II we ye r. additiional improtemtent by breeding became increasingly difficult to attain 
mlain lv due to common gelies amongst parental varieties. 10 overcome this difficulty, exotic 
brlcedine materials from other cointries and wild relatives were Used as gene sources to 
inttrodt,,'e new sufperior genes into olTfspring plants. They played important roles illtile 
brcudino of new cultivars. 
Mo re than 13() cultivars havto been introduced iainly from Sotith Atinerica, Oceania and 

Southeast Asia. ).E. Yen's collection which includes abott 23(1 cultivars of'Southeast Asia, 
)ceainia and Sotith America was also introduced and sone of the varieties have been tised 

as getietic reso tirces fOr tilebreeding (Takenata and Sakai 1975).
About 3(1( accessions of wild relatives have beien collected and introduced into Japan 

inainily from tropical Almerica - Mexico. Guatemala, Coombia. Ecu;ador and Costa Rica. 
'hey were classifietd lito 2 groups based oilcrossability with the sweet potatoatid abott half 

of them belong to grotip I which could be crossed with the sweet pot.ato. Ipo cu'a i.[ida is 
the only species belonging to group I and tIer are diploid, tetraploid ind hexaploid forlls 
inlit (Kohayashi 1978). I. Irfida has also been used as crossing material to introduce new 
cenetic diversity into the sweet potato. After the prodtucti of interSl)CCific hybrids, different 
varieties of sweet potato should be uised as the recurrent parent in backcrosses to eliininate 
undesirable characters of wild species and acctiunttlate t tiselI geIIenes relating to yielding 
ability and quality (Sakatnoto 1970). 
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FIGURE I Trend of consumption of sweet potato in Japan. 

Methodology of"using genetic resources for breeding 
T'o use tile genetic resources as parental materials, it is necessary to characterize them. 

Some 50 morphological and 25 biological characteristics are being investigated for allgenetic resources at 3 National Breeding Laboratories in Japan. The results of evaluation ofwild relatives. Ilpomoa trfida, for southern root-knot nematode, Meloidogyne incognita,and coffee root-lesion nematode, f'ratyl'nchus cojica', are shown in Table I and mostaccessions were recognized to be highly resistant to both nematodes (Sakamoto 1979). Somevarieties in Yen's collection were reported resistant to block rot, Ceratc 'stisfimhriaa,and
scurf. Mlond haute. iniflixsIans (Ycn 1974).
Some gernnplasin in Yen's collection shows bush or erect type growth habit which issuitable for mechanical vine harvesting (Takenata and Sakai 1975).Up to now, single crosses have been mainly employed for sweet potato breeding in Japanand exotic cultivars have been crossed in some cases with the Japanese cultivar so as tointroduce new morphological or physiological genes from the foreign cultivar or accumulatethe resistant genes. To use wild relatives as parental materials, it is recommended to use acultivar as the female parent to get higher seed set percentage and cultivar as recurrent parent

of back crossing. 

Organization of'sweet potato breeding 
ftybrid seeds were produced in Okinawa and used for breeding at several PrefecturalAgricultural Experiment Stations in the early era of sweet potato breeding in Japan. Atpresent, sweet potato breeding is being carried out systematically at 3 National BreedingLaboratories: hybrid seeds produced at lbusuki (Kyushu National Agricultural ExperimentStation) are sent to Kumamoto (Kyushu National Agricultural Experiment Station) andTsukuba (National Agriculture Research Center, NARC) for selection. All genetic resourceshave been conserved and evaluated at these laboratories and most of them have been 
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conserved at several places Iominiize the risk of loss due to rotting or drying up during
sloralle. Pronising lines selected at the Breeding Laboratories are distributed to the related 
Prefect utal AgriCUlUral l'.perintent Stations forregional trials. The lines that show excellent 
perlOriance arc fiially registered as new varieties and released fOr extension in the
iecoiiiiirended area by the Ministry of AgricultUre, Forestry and Fisheries. Up to date, 40 
cultivars have been reoistered hy MAFF. 

Beides that svstenm, sweet potato breeding isbeing done at some Prefectural Agricultural
F.xperinlent Stations and some private companies on a small scale. 

IAIiLI The degree of resisiance of wsild relatives ofl.trifida to nematodes. 

.\cces-io No. Linc No. RKN RLN Accession No. Line No. RKN RLNPol vphoid,, IPolyploidy 

K123 TI S R K233 Lit R M 
2 M-R R 2 R R 
4 R R 4x 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 I R S 
I0 R R 2 R M 
II 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 I R R 
17 R M-R 2 R R 
18 R M 3x 3 M M-R 
19 R R 4 R R 
20 R R 5 R R 

102 M R 7 R R 
103 R R Sweet potato Norin I SS R 

IB 63001 R M Norin 2 R S 
630(102 R R 6x Koganesengan M M 

6x 63tX)3 S M Minamiyutaka R R 
63(X)4 R R
 
63005 R R
 

,KN: Degree 1"resistance for southern root-knoi neinatode, Meloidogyne in'ognila.
 
RILN: Degree of resistance for cofTce root-lesion nenaliode, Praivh',nchuscoffi'ae.
 
R: Resistani; IM:Moderatc: S: Suscepiihle: SS: Very susceptible. 

Breeding objectives 
lDiffTrent breeding objectives for sweet potato are set up according to the consumption of 

the varieties. Varieties for table use are required to possess delicious taste, attractive 
appearance tie. good skin and flesh colour and good shape) and storability. Varieties tir 
starch production should have high yielding ability and high starch content. Varieties for 
arinial feed reluire vigorous vine growth and high yield of storage roots with high dry matter 
content. For alcohol production. varieties for starch production are in use. In addition to those 
special characters, acceptable high resistance to major pests an(l diseases are required
generally. 
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Major pests and diseases of sweet potato in Japan are nematodes (southern root-knotneniato~de, Alc/idu,. ' ninog,nzt, anld (Coffeeroot-lesion ineilato de, I'railt/'nmi (Ufl}' 'c), 

black rot. (,to*'r i..hIv. Iimhrua1, sltelll rot, Ilmarium m..VSioru1' . sp. hitutai.v, soil rot,
Str('l iMVC.('S iu)l 'a arid.vi roses (feat he ry n10tt1e and russet crack-like symptom). Since 
sweet potato weevil, (/u.s /ormh 'arias. alnd scab, S/i ' eIIIhttis, have lot beel
observed on the main island ol Japan. selection for these insects and disease has not been 
done. 

Results of lbreeding 
Official release ofa excellent variety "Koganesengan' in 1966 highlighted the value of

foreign varieties. This variety takes intihe good attributes of Pelican Processor (aUS variety!
and IT.No. 3 (an Indonesian variety). In comparison with otherstandard cultivars Koganesell
gan is 2-3(; hilier in starch content. 20-3(x( higher in yield and shows a short growing 
period adapted for early harvesting. This cultivar covered 301( of the total sweet potatocLtivaliig area of the cOnitry in 197 1. It has, however. sonic defects in resistance against
neniatodes and black rot. aiid in st irabililv (Sakai et t!. 1967).

"Mininiiytitaka' recistered in 1t975 was bred to improve the above defects of iKoganesen
gall. For the hiceding of Ilbis variety, a vild rclative,//),n1,,:., 11ri/ia.,was used as pareintal
material to imprive the resistance to neimiatodes and black rot and storabilit\'. In this case,
swvl poltt atws ,s aiit seh Iwice reetlret pare nit of backcross illogto inprove tile econom ic

traits of wild relatives. Thlie pedigree of Miiianiiyutaka is shown in Flgure 2(Sakamoto 1976).


I'surtserigan'. released ill I98 I. is a ctltivar wilh high vine yield for green animal feed.

ihis cuiltivar was developed fhoni the cross hetween 1:53-6 and aJapanese selected line. F53
6 isa line selected from progeny olthe US coltivars. ''snrnsengan shows erect plant type with
vigorlious top growllh ard recorded 177 ton in fresh vine weight per hectare by cutting at three 
tiies uinder direct planting cultivation (Shiga et al. 1983).

'Benihavato' is a neew Cnltivar for cooking and processing released in 1985. This variety
developed fror the cross between Centennial (a US culti var of high carotene content) and 
a Japanese breeding line which was derived from the second backcross generation of inter
specific hybridization between cultivated sweet potatoard wild species, I. irifila (Sakamoto
et al. 1987). 

T. No. 3 
(Indonesia) 

Benikanwa ' Kakei 7-120 
-(lenki -,I Kyushru 12 

G- Kanto 3  1 Koganesengan 

Shichifuku - Pelican processor
298 (USA) 

Tsurunashi- - Minamiyutika 

Tsurunashj-
genji 

- genji 
- Kanto 48 

Yoshida 
Kakei 3-268 -

Shiichiil'uku Norirn 2 -_I - Kyushu 58-
Okinawa Pelican processor

(tiOsh 10 Ipomoa Irifida -

(K 123-11) 
t'(;URI: 2 Pedigree of Minamiyutaka. 
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Conclusion 
Production ol the several successful varieties demonstrates the value of exotic germplasm 

to broaden genetic background and to introduce specific attributes (i.e. resistance to nema
todes). Allelic diversity in sweet potato is well known to result in higher yield (heterosis).
Exotic germplasm isan excellent source of such allelic diversity to improve yield potential
of sweet potato cLttlivars inJapan. Successful use of the I. trijida accession presents a good
exatple 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 

Maize is one oflthe nain crops in China. After rice and wheat, it ranks third. In north China 
it is the second oIst illporltanlt crop alter wheat. It is distributed in a broad area between 20' 
and 50"N. froin (he Northeastern region to the Soulthwestern provinces, f'orning a diagonal 
belt across the counlry. The total area sown to iaize is aboul I . 15 million hectares and tlhe 
total anual yield is64.25 million tonnes (T'l'ong 1987). After America, China has becone tile 
second leadingi maize produtcing counlry in the world. 

Along with developin and utilizin1g the maize gcrinplasni, as well as using single cross 
and double cross hybrids to replace Ihe varieties, the vi eld and quality of maize have been 
raised increasingly. The lilaize iiirovellicilt work in (hina, in the last thirty years, has gone 
from using local varieties, intervarietal hybhrids, double cross hybrids and finally single cross 
hybrids. Up to now. ie single cross hybrids occupy about (OI ol the total imaite acreage. 
The average yii-ld per unit area increased from 1.43 I/ha in 1952 to 3.54 t/ha in 1985. Tile 
higher yield ( 163(( imore than 32 years ago) has turned maize from being a staple food for 
peopleIto atfeed for anin laIs. In addition, aboit two million tonnes have been exported 
all yllyin) recent years. 

Since mnaize didiiot originate in i('liiina, liere is nott no intch gerlnlasi for breediing work. 
According to the written record, niaize was First introduced into Southeastern China about 
450 years ago, and probably within the last 201) years, it had spread in l1o05 provinces and 
gradually forned nany local varieties They nunilberabout II 0()0 (BA U 1976). With respect 
to the sources of inbred liines, nuch attention was paid in lhe use of these varieties and tihe 
inbred lines usually selected froin thei. At Ine same lime, great emphasis was put on 
introducing exotic geiplasnl including varieties, population. 'ynlhetics, inbred lilies and 
hybrids. Several hundreds of breeding materials have been iitrodhlced f'romn more than 20 
countries such as USA, Mexico. Italy, France, Yugoslavia and soie Asian countries. Before 
being released, they should be isolated and inspected by tIne Institute of Geriplasl. Tle 
cviderice revealed that when the materials caie from regions of sirilar latitude and clinlate 
condition, as well as not having serious shortcomings, they could be used inmmediately. But 
most oflthem have to be acclimatized or improved and then used as source materials. 

The most efficient work is introducing exotic elite inbred liies especially those having 
betler conbining ability, wide adaptability, resistance to prevailing diseases and no photo
sensitivity. They are generally coinibined with dlorestic inbred lines into various hybrids. The 
breeding of single cross hybrid 'Zhong )an No 2', cornbiined with exotic line Mo 17 and 
donestic line Zi 330, was tle most reinarkable cxanple. The planting area is about 1.97 
million hectares and the increased production added up to 1.75 nillion tons withint lhe last 
eighl years (Li 1987). 

In order to reduce tile damnage f'roini diseases iii rnaize production, some inulant genes have 
been introduced to improve tlne domestic materials. Ii the late seventies, single inior re
sistalit genes, I lIt, I It,. It ... I ltand rhin have been inlrodu':ed and trans'erred into different 
lines so as to raise the resistance to northern leaf blight and Southern leaf blight. By using 
innilliple rccsistant inbred lines and their hybrids, the Serious prevailing diseases have been 
controlled and tine dainage reduced. 

Another success involves developing and Litilizing hybrids with high lysine content. 
L.ysiie arid trylitophane are the li initirg iniino acids tofnan and otlher nionogastric aninals 
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such as pigs. Normal maize contains low levels of lysine and tryptophane, only 0.2(% and0.05% respectively, on the basis of whole kernel weight, while with maize a high lysinecontent it Is 0.414. and 0. 103"1(. The nutritive value is similar to defattcd nilk powder forchildren. I lence Ianv countries have been developing tile program of quality proteinbreeding. Since 1974, [he source materials of high quality protein such as opaque-2 have beenintroduced from Yugoslavia, USA and CIMMYT*, and a quality breeding program has 
started in China.
 

Opatque-2 
gene lop-2) is a single 	recessive ntlant gene with the expression of opaquephenotype on endosperm and raises the percentage of lysine and tryptophane (Table I ). It s hohlId be traiscrreld into nonmal lines and then cornbined into high lysine content hybrids.For example, t converi normal line Mol 7 in1o op-2 line Mo 17, you should cross it with op2 source nialerial. back cross F, with normal line Mo17 and selfcross several times. The 
fIllowing diagram shows the procedure: 

Genelic
 
consitlliol)(/ ) Back crosses and self crosses
 

5052 Mo17 1) Mo17*" 	 x 5052**
 
.1,
 

50 50 Fl (Mol7 	x5052)* x Mol7

25 75 BCI (Mo171 x 5052)** 

SI (Mol72 x5052)* (Mol7 2 x 5052)**x MoI7" 

12.5 87.5 BC2 (Mo171 x 5052)* x Mol7

6.25 93.75 BC3 (Mo171 x 5052)" 

S2 (MoI7 x5052)" (Mo7 	 x 5052)**x Mol7 

3.125 96.875 BC4 (Mol7 x 5052)** 

S3 (Mol7 x 5052)" (MoI71 x 5052)** 

op-2 Mo17** 

normal endosperm ** opaque endosperm 

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

Protein Lysine Tryptophane NicotinicVariety ('7') Free nicotinic
(%) (%) acid (%) acid (%) 

op- 2 3AU 01 9.24 0.35 0.103 0.029 0.0178Wu )an Vao (ck) 8.75 0.19 0.019 0.015 0.006IIAU 101/ok +5.6 +84.2 +102 +93.3 +196.6 

* CIMMYT is the lnlernational Maize and Wheat Inprovement Centre, Mexico City. 
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After backcrossing four times wilh recurrent parent Mo 17 and selling three times, the 
normal inbred line Mo 17 has been converted into opaque-2 Mo 17, whose genetic constitu
lion is composed of ()6.8751/ o Mo 17 and 3.1251/ of op-2 Iine 5052. If compared with 
normal Wb117 and op-2 Mo17 visually, only the phenotype of endosperl is different. 
('rossing tile op-2 inbred lines with each other, 0)p-2 hybrid may he selected. That is the high 
nutritive hhrid with high lysine ard tryptophine content. 

The hiocliciiicall test revealed tit not only were the lysine and tryplophane contents of' 
kernel hiigiher than Ithat ofnomal maize bul also the nicotinic acid rates doublletl ;and the free 
rlicolilic acid tripled .Zliengand I Isu 1981 ).So il was very efficient for preventing and curing 
the h1uraill diseise "'ellagra', caused b~vlack of free nicotinic acid. For exaiple, during the 
prevailing period fronlJaiMiariv to April, 4((0 pCasaziltS who coisu ied tlie opaqtiue-2 hybrid 
BAL! 1(1) is staple food, were free from the disease, while those whil used common miaize 

as diet, 2.4'7 of persons fell ill. Results of* testing the content of nietabolic products (N'
illethylicotinic acid) from the lrea showed that the N I-MN content of the tested group who 
dieted on opique-? maize ,wasraised f'rom .12 ig to.?22? ±0.03 ig. Itwas nearthe standard 
level necessary f'or healthy people (0.24 + 0.)2 ig). But N'-MN content of the untreated 
2rOLup remained at a level of (0.12 img (MAC 19801).

Whni fd io 'oung pigs, opaqule-? maize had a great effectl oil tile daily weight gain. Less 
fee'd was consumed and there was a high feed efficiency (Dou 198 1). The nutritive value of 
opaque-2 naize equailed normial ize plus 5(/ soyabeauininleal .That neans 251/c oIsoybean 
meal would be saved. At the level of'9.0-I14.6(/ protein, as feeding with opaque-2 maize, the 
daily weieht gain was 29.8-I 24(/ higher than that of normal maize and 0.47-2. ;3 kg of feed 
was saved for increasing I .gof pork. At the sameti lile, the results showed that the opaque
2maize was i better fced than rice. The daily weight gain was 215% higher than from rice 
and 0.44 kg ol feed was saved for increasing I kg of pork (Shi 1987). 

hi 1987. the planting area of opaque-2 hybrid was about 15 000 hectares and the average 
yield per unit area is similar to or 5(7( less than that of' nornial control. lBut the production of' 
lysine ;iend tryptophlane is doubled. 

TABLt.E 2 The effect otffeeding young pigs with normal and op-2 maize. 

Normal maie op-2 maize' Nonnal maize op-2 maize + 
+5', soybean +51/ soybean (2)/It) +10) sunflower t1)% sunflower (4)/(3) 

Ineal leal meal meal
(11) (2) (%r) (3) (4) % 

Daily weight
 
gain (g) 453 474 +4.6 
 302 454 +50.3 

Daily feed 
Co iiitsund 1.74 -5.28(kg) 1.65 1.66 1.94 +16.9 

Ratio of feed 
Sol',lUlled mo 

weight gaill 3.84 3.49 -9.1 5.50 4.27 

Iit order to improve the soft chalky endosperin, the secondary effect of' opaque-2 mutant 
gene. populations and synthetic varieties with hard or semi-hard endospermi 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'nomial kernel. 

-22.4 
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The breeding approaches are as follows: 
1.Inbred lines with hard or semi-hard endospcrn are selected directly from these materials 

hv selfino several tiles. 
2. 	As soturce nmaterials of modifher, cross them with opaque-2 lines and backcross several 

tiles w.vith recurrent parent to integrate modifier genes into opaque-2 endospern or select 
lines from the pro,, of crossing. 

3. Non photo-sensitive plants can be selected Imn exotic tropic populations and synthesized 
into a new population from which new inbred lines suitable for the temperate zone, can 
be selected. ()r tihey may be crossed with early mlatuied opaqtte-2 lines and inbred lines 
selected from its progeny. 
Ilnrecent years, a lot of lines with hard or semi-hard endosperm have been selected. The 

lysine content ranges from (.3-).511 per kernel weight and the hardness scale of'endosperin 
is about 1.5-3.5. 

Incorporating tilehigh-lysine nai,'c with high oil content material is an important method 
for quality breedii.,!. The normal maiZe contains about 41/ of oil of which 85(;, distributes 
in the germ. The role is the higher content of oil, the larger size of gerni, so that the lysine 
content is raised. Many such lines have been selected. The average content of lysine is over 
0.55{ and the oil percentage is about I). The kernels of new hybrids will have a high lysine 
content illtileendosperm and a high oil content in the germ. Thus it pOssCsses both high 
nutrition and high energy. 

The source materials of sweet corn were introduced f'omu USA. some from Thailand. 
Besides tie common sweet corn (sit su ),tilesuLpper sweet (sIt, sh,) and sweet enhancer gee 
(se se) have been developed in recent years. There are two ways to use them: eiflier harve,,ting 
the pretmatured ears within 18-21 days after pollination and can tilekernels immediately: or 
harvesting prematured ears withi tile same nuimber of days after pollination, transport them 
to urban districts for boiling within 24 hours and sell them as breakflast food. The biggest
market is in I long Kong and some cities on the mainland. Canned kernels are exported to 
Japan and other countries. 
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CltAPTER II 

General condition of citrus germplasm research in China 

Y. 	 YINMIN 

Citrus fruit trees mainly include three genera. Iormella.Polirusand Citrus.Undoubtedly,
 
China is tile most of' the species in the
original home and centre of Pornirus, tFortun'laadil 

genus ('itrus. According to hiistorical literature. citriculture in China appeared 4000 years
 
ago, and fruits were sent as tribute to tile
imperial court. Because of theirextrernely abundant
 
natural resources and lonu,growing! history. citrus fruits consist of many variant types. These
 
ricl and varied ler1i plasins are 4of IrcllelRIdOLIS w rtI o ile i111111ill
i. 

LAo1n tors knew mandarin (( 'ilrus r ultaa), citron (( '..jms.) and trifoilg ago, our ancesc 

ate orange (I','in irus lrifi(nia t. b)ut cons idered these three plants as one
the' class and spoke 
of them together. In other words, our ancestors had recognized that these three plants were 
closely related. Zhang I Ila stated "lhere are 1iun' types of' mandarins and puiniLelos. The 
mandarin, trifoliate orange and oranLe are distributed widely' inBi'uzhi puLbli shed il tile 
third centLlry. In /lhuli. published in the carly first cetlury it was mentioned that 'mandarin 
introduced to northI of Iluai li rivcr will hecome trif'oliate orange'. which alparetly recorded 
tle natural distribution of iiiandarin and triflOliate orange. I lan Yelzhi used two-thirds of the 
coIltents of.lul/l, pilished in I178, to record 27 citrus types. varieties and strains inZhe.jiang 
Province, China. 

With the development of modern agricultural sciences, people have realized the impor
tanice of plant gernlplasnil. Investigation of fruit tree resources was carried out inoLr country 
in the 195(s. The Chinese Academy of' Agricultural Sciences established the Research 
Ilst tilute 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 
Clhii \.,,s ip: and the survey, collection, preservation and utilization of the citrusset 
gerniplasni in our counitry were systematically done. 

The main cultivated types, varieties and growing area 

Thie Citrus producing area in China is distributed at about 33°N latitud. , and covers 17 
growing provinces. Mandarin production ranks first incommercial cultivation, followed in 
order hv oringe, puninielo, kurlIquat and others. 

MIANIARIN
 

Mandarins grow widely and represent about 63% of total citrus production in China. 
a)	Zhu-ju (C. erwhrosa [fort. ex. 'ran.). An old cultivation group, mainly distributed in the 

provinces of Jiangsu, Jiungxi. Gansu. Shanxi, Hunan and lubei has strong tolerance to 
cold. 

b) I long-ju (C. tangerin fort. ex. Tan.). Mainly grown iii Sichuan and Fujian provinces. 
c) Ponkan (C. reticuita Blanc.). Mainly grown in provinces of' Guantong, Fujian and 

Taiwan and also inlsome regions of Guanxi. Yunnan and Zhejiang provinces. 
Li) Ru-ju (C. kinokuni lort,. ex. Tan.). Principally distributed inprovinces of' Jianxi and 

Zhi-jiarng; its dominant variety is Nanferig mandarin with sniall,sweet and almost seedless 
fruits and monoembryonic seeds. 

e)Jiaokan (C. lankain 1-ort. ex. Tan.). Widely grown inlthe provinces of Guanxi, Fujian, 
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Ta iwan nd (4an1log; ah igh acc uuI ILIated ternmperature is needed for growing. AI Iough
it can hear in the northern part oflthe citrus producing area, fruit quality declines signifi
cantly and it has almost no commercial value. 

f) Satsurila (C. u1h1n/Marc.). This grouip is most widely cultivated in every growing area 
and its production accounts for about 61 of total mandarins. The main varieties, mostly
introducCd from .lapIs are cultivated if) the provinces of Il han,Jiangxi, I lubei and 
I lie parm'. 
There are soile special local varie:ies of maidarin, with very concentrated growing area 

in sollcte regions aid itavile sonic corrmrercial yield. Bellndizao (( .uc'cosa I lort. ex Tarn.) is 
nairily growl, in Ihe provinces of I luangx'al, ZhCjiang. Mall-Ju (( '. tardi/{'ra. I lort. ex Tan.)
is grown it I luarigyat too with ltonoetbryonic sceds. Ou-ju is a local variety in the 
I)l0viccs 0 'Wenii ihoI Zhej iang, early in iaturity and with nonoembryonic seeds. Trifo
iate orallo lc m irus trill ) is Ised as Ire iain rootstock for rtandarins. 

)RANv, Is 

Orange ((C. ximnsis (..) ()sbeck) isniainly cultivated in provinces of'Sichuan, (uangtong,
FuJiant, (ilanigxi, I lhbei. Jiangxi aid Taiwan. Its productioni.accoits for 25%7(, of total citrus 
producntio in Chitt ard c iilliort orange dominattes. In China, the traditional varieties of' 
oraige cain be divided into two titpCs, the acidless orange and the acid sweet orange.
a) The acidless orange type is iricipilly distributed Iin provinces of (iuangdong, Fujian,

(iu.igxi and 'laiwart. Its Itnail cultivars are Xinliue and L.iucltier. 
b) The acid sweet orallgc type is IMaintly grown itt SiCltaril province., but it isalso distributed 

in provinces of (iuangxi, GUamrgdorig, IFujian arid Taiwart. The rmtain varieties are 
Xiangfeng, Jircheri and Xlegan. Additioially, sorile orange varieties were introdiced 
front abroad, including Navel, Valeincia and Ilarnliii: they are cultivated Mairtly itn Sicliua 
Province. The I lanilin oralgoe adapts well to diLferent clirmates and tends to extend its 
growth. 
Rootstocks for oraitge gentrally are 'l'ril'tliate orange innortlhern area, and Linlonia in the 

soutlern producing area. Soineliies, 'angl'rina is used as rootstock too. in the provinces of 
Sichian and Fujian. 

PtumiHi.to (C. grandis (L.) Osbeck) 
Puinrlelo types are extremely varied and distributed very widely. Sotie production takes 

plice inprovinces of'Sicliuan, Guarigxi. Fujian, Taiwan, Jiangxi, Htubei and Huinan. The mainvarieties include Satien, Lianpin, Kweif'u, Wendan, Warlbei and Sijipao. 
Air-layer propagation is a traditional ietlhod for punumelo, and grafting is il donestic 

seedling free rootstock. 

KuNQUTr (Forlm'lla) 
Except Chanigyejingan (F.pouvandra (Ridl.) Tan.), other species are sporadically grown

in every citrus producing area. They are mainly used for the fresl market, candy and 
ornament. Their main producing area is in the provinces (if Guangxi, Jiangxi, Fujian and 
Hunan. Kulquats niostly use Trifoliate orange as their rootstock. Additionally, puninelo is 
also used as rootstock in a few producitigareas (OlfF/iian Prov ince. Ornamental kuntiquats use 
cuttings of Citron (C. me'dica) as rootstock in (uangdong Province. 

OTiERS 

a) Citron (C. nedic l L.) grows sporadically in the provinces of Yunnan, Guaigdong, 
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Guangexi and [ujiaMl. in which BIlha's hand ((C. m'dia var. sarco(hvihlis)is mainly 
used for ornament cultivation by cntting propacgation. 

h)Lemon (('. limon(L.) hl.irm. f.)mainly grows in the eastern part of Sichuan Province. 
Fnreka lCrIOIn is the main variety introdLcCd from abroad. In carly growing periods,
Iriloliatte orangc as af\, as nsed as rootstock f'olemon in China. Later, we l01111(1 that 

exOCOr-tis, ditCts&e \+a,'iV serious ol lemrion trees rii "rifole orange as rootstck. 
Rccentl., \xcha\ e taken Tangerina as rootstlck instead of"l'rifOliate orange. 

C) Sotilr-torat I 'c,n,111ullm I.) growk s sporadicllv everywhere and is mainly nsed for 
medicine. I)aidai isused a e"sntial material for flower irocessing in the provinces of 
Ft.Jallan Jgs.t. (dotolttcht._ntIs its strolg tolerance to1,Used rotstoek ont;ccount ofl 

salt and trisle/a diseaC.
 

Invesligation and collection of citrus germplasln resources 
Investigation and collection of citrus gerIplasm resources were carried out in most 

provinces in the late 1950s with supplementlary investigation in Tibet in the 1980s. 

WID (ItRI'S (;RAt'tPIASM 

During investigatiots oft lie wild germplhsmn resources, we f'ound some new species such 
as I lotgliechen. a new species in subgenus l'apda of genus ('itrus, Iund in 1974. Many 
types of'wild mandarins were ailso f'ound in Ihlial Province fromn the 1960s to tile 1970s. 
Moreover. in the provinces of Guangxi and Jiargxi, different types of wild citrus are found 
at different times, of which about 6-7 types have the position of botanic species. 

DIS IRtIIII)N AND (I SSIFI(ATIION 

I)istribulion and classil'icatioi for the wild citrus species which have been known to 
ori inate f'rom China have been made clearly. Iclhangc hen ((. ihangensis) is not only
natturally distributed in I -lubei Province, but it also has wild distribution it the provinces of 
Sicliuan, (;titiO, Ytinati I uIan aid (;uangx i,arnd some new types of it have been found. 
Xialgchei (C'. j/nos) also has wild distribution. Ili tire past, there were some different 
opinioniis ahotL these species. I believe that XianiigcieniI should possess the position of botanic
species because of wild distribution and stability of its characters. Lirnonia (C. Iinrunia) has 
wild distribution in provinces ol'Gtangxi and (;iziihou and is miinly of'yellow-peel type. It 
is similar to Ktsaie lime which crows in India. Therefore, I consider that the litnonia 
possesses the position of botanic species. 

VARxrANr ItYITS 

Abundant variant types have been collected, such as trif'oliate orange, which has many
natural variant types. Besides hig-leaf tnd small-leaf' strains, we have found early-bearing
74-I dwarf tri foliate orange and 85-90 thorn-few types. A tetraploid (4 x ) tri foliate orange
with large leaves. thick branches aid thrifty trees was collected ill J iangsu Province. Many 
types of small citron (('. medica var. elhg) were found in Yunnan Province. 

Studies oi citrus relationship 
Since the I970s we have made some progress with morphological taxonotny, based on the 

citrus pollen characters by use of a scanning electron microscope, analysis of isoenzyme
zyrirograrns, and citrus genotne analysis. All of these methods have provided important 
evidence for citrus taxonoly and determination of citrus re ationslips. 
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Tissue culture techniques fCr citrus germphlsm 
In I975. Wang l)auyallnl stud(Id the speeding up of gerinplasn propagation with tissue 

culture, lIe researched on whether tile Maintain high differentiation abilities andcallus can 
the inherent stabilities of 'cenerated plant lets. Zhang Jinren and others continued to observe 
the callus fo0r eight \ ears and subcnltured 38 generations. They proved that the chromosome 
plOidv of callus and regenerated plantlets have not changed, and that the tissue culture 
technique is a promlising method for preserving citrus germplasm. Moreover, by in vi'ro 
culturing epicotyls and youn shoots in/I.Vmargarita.a large number of green tufted-shoots 
and ctilplete regenerated plaitlets have been obtained. By using yoting seeds of Xuegain (C. 
.oNensi.0 soie comnplete regeneralive plantlets were formed and blossomed in six iionth,:. 
This could promise to sol\ e the question of the long juvenile stage incitrus. ('hen Zhenguang
and others otlained plantlets frlll]anithers of ('alainondin (C., madli'nisi.). 

Citrus germplasi orchard 
Field preservation is a Ilajor methodl for preserving and evaluating citrus germplasi 

uo\ adays. In recent \ears. tile Academy of Agricultural Sciences has established 16(hiinese 
national fruit gernlplasiln orchards, ilcluding citrus, apple, pear, peach. grape and so on. The 
citrus (CernIplasin( Orchard is located iland nauaged by our Institute (13eibei. Chongqing). 
Today. besides traditional collection, preservalion and evalluation of citrus gerniplasi, we 
are starting to evaluate and propagate the virus-free varieties in main germplasn to prepare 
for the establishment of a \irus-frce citrus gerinplasln orchard. 

Studies on utilization of citrus germplasm 

At present, citrus gelnrplasin is mainly used for cross-breeding. Since tileltJ50s. Zhjiang
Citrus Research Institutle. I lunan I lorticultural Research Institute, lluazhong Agricultural 
University and our Institute havC done nnich work in cross-breeding and induction of 
iit.tl iOl. ;l obtained a lot of uselti new varieties. '[he cross-breed 1-1232 is a long-lasting 
and good quira lity tangor variety bred from Valencia x I longju. A new Il ongju variety with 
feer seeds aid lihih vield. also has beeni obtainied by"((o irradiation. The cross-breed 432 
is selected from the breeds of Oigan x Gaihiangchen (which is a chimera) and their later 
.enerations have high yield. good quality and last well. With colchicine, atetraplhl variety. 

4X Shivuepu, has been obtained. having high orade and yield. 
Our Institute has been exploring and comparing new citrus rootstocks for a long tinie. It 

nerits attention that puniineho (C.t,'r,#ni.s usually grafls Oltilesame varieties, but this year 
Wan Liangchai has graftled it on tril d iate oran tcand ,ta/an ha (o11. anii J indou respectively. 
The test results showed that ti is .:alantiais avery good dwarf roolstock, and bears fruits 2
3years earlier than tiose inicollOll use. It also Call maintain tilecharacteristics of the scion 
varieties. Ilnaddition. ('en ShancltUi effects of salt oiland others have recently studied tile 
tile eimibryos of orangegrowth characteristics and hiocienica l iiarkers of cell clone. froni tile 
(C. iinorder to select a salt-tolerant cell clone of citrus in viro. 

The citrus genii plasi illChina has Imade a very irmlportant coitribUtiOll to the citrus 
industry of tileworld. We believe that with the development of' modern science and 
technology, the contribution will be greater than ever before. 
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CAIAPTER 12 

Breeding for clubroot resistance of crucifer crops in Japan 

IIIRI(AKI YOSIIKAWA 

Clubroot diseise caused by Plasmodiohora, hrassicaC Woronin, is considered one of the 
most scritiLs diseases of crucifercrops. In Japan the occurrence of chIlbroot was first recorded 
in I8)2 Oin cahhage aid turnip, and i l 197 8 on Chinese cabbage. 

For a loig title the infested area was limited and severity of clubroot was not high except 
in t c fw ields where traditional turni p cultivars were grown successively. Since about 1965,
Il\, Cver. chlbroot has been reported in mnansv crn1cifercrop gr'wine regions. alnd the severity 
and percentage of' diisC:sed plants have increased considerably. At present. clubroot disease 
can he lliid aliiiost ill over Japan, especially in the ccntral and northern parts, where it is 
atserious problcnim. Itens, c cricitcr croppine was tndon~htCdly contducivC to a huild-up of 
the oreanislil ill the soil. 

I liWh concentrations of pathogen in soil were apt to make chemical cotllrol ineffective, so 
that cricifelrs are tolrcCd to be rCplacCd h othc crops. (tLhi-tl is a constall threat to crucifer 
crops. especially to cah ace. ('hiniese cabbage, turnip, cauliflower and broccoli. Cultivation 
of resistall cillivars is one of tile saf'sl and chcapestImethods available to combat clubroot. 
Bree in,_ \Ork fr cILihrott resistancecc was siarted first oi cabbage il lie Vegetable and 

)rnamentalta Crops Research Station (now tile NatiOenal Research Institute of Vegetables, 
,()rmamCental Pl s aMid Tea) iin 1974. At present, breeding for clubroot rcsistam,e has been 

practised hy one natiolal, and () ,re fectural research slations as well as by 28 seed comlpanies.
'IhrLigh Ihilieirgreat e ffirts, many resistant varieties have been released iii increasing 
numibers, especially in ('Ihiese cabbage. Au outline of' tihe breeding works for clubroot 
resistance iii Japan is presented here. 

Inoculation Inethods 

For breeding work, i sinple aid reliable inoculation method is required for stable alnd 
un forni disease development under nornal environmental conditions. '"o test accurately and 

simultanCusl Ihe resistance ol'a large number of plants, it is important to use the linimum 
cffectivc quantiity of pathogen to avoid its tlhiccessary spread. From such slandpoinlts, 
Yoshiki l 1. (I 91 )established a screening miethod they called the 'insertion niethod'.k 
.\co'rding to Iheir comiparisoni tests oli spore concentrations and inoctilation methods, the 
inselioln m1ethld showed the highest perceniageo'diseased plants and highest disease index 
iiider any condilion of spore load and soil pll lhan other dipping Inixiig and pouring, 
mcthod 

)etails of' the insertion method are Is follows: 
I 1nserhion nmc/' d I- is lhe method of' Williams (I 966). AThe in lcuhLiii prepared by 

miixture LI one part clay powder, irce parts perlite and oie part peat constitlutes a good 
mnediuni forplant growth and clhlbrolt developlenl. The lixIture was adjusted to pl 5.5
6.5 and the spore load to 5x Ii"per gran (Idri miixtule, ('ylindrical blocks oflthe mixtiure 
(infested soil). 4 cini in length and 3cm in diameter, were made imechanicilly and inserted 
either into pots or fields. Seeds \cre sown onl these blocks and covered with a thin liyer 
of perlite or noninifestcd soil (Fieture I). 

2 ) conI(a/,Ihl - A hig spore load, isLiuIllv 5 x 1(" per gram of dryf'),nditions/Or in/tliiIn 
soil. is opiiuiii for disCasc dCvelopinicit. A soil pll IOf* 5.5 is best. hut phl 5.5-6.5 is 

V%'. ~ . 
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Seed Perlilj 

o 	 8 cnm paper pot 

Perlite soil Seeds
or sterile
0 
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k Ill IIsi ,Ii-.Id-s, -,sth "lis-t . > 
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lIE II'1(;I A sketch olflht inserlioin nili d for glisshoust and littAd t l. 

idequate. The SOil 
 hould he kCpl dail) thrlOughoul tife expericritnt. Soil tenperature
should he kcpI het ,een 18 aid 3(0C,( prefcrably hetween I8' aid 24)C. At high 
temperatures soil dry ing hecollies it prohleci ald frequent watering is i1ec essary. 

.31	()Ob.VrI alill anrd vil'altatio l!,(.i.(h c' T he st t ime for obserration is when the 
suspcCtihle cultivar is conplclcl, and s'crl, affeccd. ()h.rvations on cluiing were 
usuitally carricd (rut iIIc IncOiiidii isflVOilr I cIhhrootltroo6 wcck.s alIcr so , I velopr11ent.

\Vhei Conditions v%ere less o -srfas onrahl alions %tc riide: one o- wIi eek sahler 
clubs icame vsible withl the naked c cn()tii t ol basllof tirC, sCC)ilelC chcck. 
Tlie degree of infection wkas rated oili()Io 3 scalC. slitre. )1nilinfcClion. I--ls small 

clubs. 2considerable clubbines. 3=sesere, cuiit!. lie uniber of plants incalcgor, Iwas 
rirultipliCi hy 20, in2 hy 80. in3h I()(1 stui
and [lie of tire proiduts Aas divided by tie total 
rinurher fl' tleplanits to give t 
dis ase index. The trials scc uisuall) replicated three with 10
 
pl;nits per pot.
 

('ullivar difference
 
l'hi field of resc'arch ias received much attention itn
recent years. Hlitherto it has general l
 

heen considered that tihe B. uamp,.r-is group is more Susceptible to ,:lubroot than tile B.
 
(T(raua grouip. In (hire cahhage marked cullivar diflerernces have ben noticed (li soil 

infested at lower iroculumI levels, but this has not becn observed (irt soil infesicd al high
inoculuit lcvcs. :rojiI tlhCbreeding point of view. it was thought that ('hinese cahhage almost 
complcly lacked resistance to clubroot, ailhoLugh soime cirtlliars, incllirg sorile frolnl 
niirthernr ('hina, were less severely clubbed. Japanese lurniii an(l musthrd ren arc highly
susceptihlc ardt( lack i resistance Sorurce like Chinese cahbage. itl'peall turnip shiow'd a1 
wide range of' resistancce anti suspectibilily al(d Some1Cculivar,,are highly or copiilclc,'
resistant to race 2. In lire B. ole'au''a group, kales are tlhought to h tilemost resistant to 
clubroot. Cahbage showed a wide range of'resistance and susceptibility, aid none of tie 
commercial cultivars was highly rr complclely resistant. Caulillowcr, broccoli and kohlirahi 
are highly susceptilie and lack a resistant source. trssCls sprouts are more resistant than 
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I lhic IIclT0 lisucet 1 , 

oil I+ape, IlIKtan allnd Ii imilill, 
CM iliI 'eI0l I)ccOlj.I I,tllIItal II ;t idc t t 1 i ily 1 r|IltaCe,' whi Ie 

d l\et- \ct.\ x,+,ccftlil)lC. Radith Iwas mIIore resis11111 tha.t 
cIhhl:ICco' I itiltal, and *lillCx' rItdilh Alnd kllf+h/. Ai.(I sliits e1dthe highest resis-

ItIu i11l1lh IlCI (l3i IV 0I ,lt 'tL OJ)\, l C 
\,Ido 1titl ctip hih w'i"+-,uc to) ('lIoutbt1*o aI, \k 1s1htinnd ill ,e.(, such as Suka-

Ql, itai \houIrio p/iour I . ItluL+itISahi ( \ll',.iluNo16 ildi'lml l)(. ) and TMleistlke
lana (( 'mihxm) w i\ihirine ),Mnd in llo)\ er,,.snch as stock (MVtthioo, im'na R.3r. 

.1llt \\ ill lllt\\ er (( ']ehi ts c/h iri 1.). 

'I \BIi I I'tBr(ling mtaterials resistaint )thit' rave 2 of' I'. brassicae in crucifer crops. 

Illti 1o olllt 'No. tRLS JIIILT ( 'i]li\ al" '(Iop ' 

11 IP) Turnip RR No itii,. N it.i -I , Nlecc,Idjjclfl~ldr, Leidlandcr, I'ontdta,
,'ller ( I . I Illfhori t'urle "l)1 II11 Missal. Itiera .4×. Mxarco. 

)cblr. Siltp. lwicoaj. Ilo iia. Klepa 2 . Vollender lelder 
MIt,. ('ropp 'IRI .1 200\IN 120. VII I -l1) 21 I 1) 
1-I.(rim. NlII) I eIg lMolmbTq;t,IciW tl'++ltide , R o.kildc. 
(iasto R. ( erlici R 

R (;en 'lop Ijoki. NIu lht'k-er Nl kCtt (;edC ll;1. (Green 
Top SeOteI \.iin \Vhit. e1 (MRdlh. (Titl t01 Sloine. 1-3. 
Milan Purple [op 

i1=9 Cabbage R Iinn I, lcheiCneC r 7275 10Ine1ikIt'rLdkol 72751. 
ltilnt-Mak.olldkndl 7275 0-6-0,Vo' l,,Ikalji S,/imnjaja. 
Winter \'hil 

M I athnlixkia 22. I ~nnon ,o\ xkWia 8. iiuaja ( iibivskaja 
13. laponi,k i . ( liw, l 'in. \, Ai ii:iibanwiii. adCjr 
Slhipper 

Cauliflower M WaiclieICll \\ilt.i Miixho 
Brussels 
sprouts R Fillhasket. Winlt Ilarvest. Sex n Ilil,. Roo,"'lrf Seven I ills 
Kale RR 1K20). K 173. K 271. K 278. K 158. lxr;i Curled SoItch, 

l)warf (;rcen 'ul.il. Sinjakja Krgaa aia 

0=1) Rutabaga RR Wilhch, burner. W. F. Ncckle 

1=9) Radish RR Sakutajinna, Shliooi, lihikigeiinukc Miyashigcsobulo, Shi
rnnkuimfiyaxigeiinarujili. Neiii. Wakarannta. Morigulhi, 
Iloinryni. ('hubukura. ( Sikinr. Akitsinari, l lakata 40 days, 
Round Scarlet Giiant. Natsuiniiuowaxe No. I (I:,). Evelcst. 
I laynmaru 1:, 

R: higlh resistance. R: serui-resistance. M:ioderale resistance.
 
No rCixtant cultixars in ('hinese ca bage, salt greens, broccoli, oil rape and I lakuran.
 

IPhysioloical races 
So far it has been found that seven of the P. brassi' plhysiological races (using thc term 

la(c as defiled by Williams) are present in Japan. Those are tmed races I, 2, 34. 5, 8 and 
) ( oshiktwa et al. 1978). This diversity of races has a direct imllication on the breeding 
work atd oil the Types of' resistance in the host. Yoshikatwa et al. (1978) tested 14 common 
cabbage. 2 tnrnip and 13 Chinese cablate nhIt ivars to observeIheir rceactions to physiological 
races 1. 2. 34 and to amixture olall the four. Spore loads were 2 10" per grain of dry soil 
tll the inldiVidnal races and 4x 1i"per grant lot the nlixture. C(ultivUr dilfercncCs in reacctions 



II 
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IoIie 4 ph\NsholoicaI races \crC IClativel small. IlifhIv sreniftial correlation Cenf icienlsbelween percentage of(I keiis ,,d plank or diseaSe indic I were obsCrvcd lor each pairoIraCCs.
Mix.ing races dh((iot ernhirnrce (he incidlncc of disease. 'his nroves thal plants which are,Irielv-lrsi,,taI (o nciiphrsi -ictl rIace ,Iirei. sro fIt 	 lNresistIfill I(othieis,as (Iescribed
bhNicI, itIId Wierin (j Q631IfI'i0 ,ho tIh'at ',CleCction Ic fithe nost virufIeri races
ik helpllt iil ereenirig iind bl'elire vrk. 

Inheritance of resistlnce to race 2
 
A,, (Chincse c ris 
 ia-re,, alall,
is'll source we crossed Chilcse cabbage withre-ir",alt ltrnip. ho tralIfe'r tie ress,itt ,Iie to ( hinese Cabbage. Resistarnt turnip 77h; asclection oflI( I) No.2. ,,;rs %trsdwith susceptihic ('hincsecabbagc: Mtsushim.Shin No.2. to , lI I " I( 'I(, poptflltiolrs,. The F1 wir&comriletely resistant. The F., segregatedintire rtlin Of the-e, rCistanl to olne srrceptiliC. The BC,generatiorn ,t.d illthe ratio 

of irre resistatl hi._ s,,ceptihiC (tleh 2). TiN,sho, Nllilt 
I, 	

Ile resisfance of 77h isconlroled 
a ,irluh dhoninrirf eerie Similiar resutspruknhceud hv lie influence of1a sirigie doiniranit cnere, %%ceobsers ed in () filf ier Cent_,FrliN,,er. se lwte
ot crOf +e ('fhinese cahlagectill,
ar,,:
Kern,in. t tiratirla No. f Nlalsnhirir Siirn No.2. Notiki No.2 ari ('hoosen, andthree ,liis ars oh tnrniip: Siloi. (JiriaR aid 

lire 
)chra. The resis tnl ge.nCis considered to beinc,ai in771 arid is tire smi i litr e'sitiuit gen l r rotlip of European fodderilnd in tire 

tnrrnip,, Leat rrf irol n dsot,c'L,co+.trrrclategerrerat 	 \,il clufrool resistlance ill.tirns des+crrbed :ihos e litir cirrbrort resisance arr 	 ally of tlie 10 F,lfercfharctr ot('frinese cabhace 
can he corlbirid illon glat. Tihe dtmiarit resistanl eerie ftMirl inlthis sldy should lbensetll irr duCet)lrr cLfrtloot rensislintl cullivars of tlre B?.c'j,'ns-i,group arid others,Cepeciallf ('hirrese cahbage. and tie frerding characten Can he improrvcd easily by backcrossirr. 

T.AIBI E 2 Irtequtenc. disirihution (i'oclhhrool resistance incrosses bet,'eccn Matsushima ;ShinNo. 2 
f(l'idue,,e cablage) and 771) (hnip. 

it'nlation1 
 Numher it plar wirti Mean Segregation ratioand progeny 
 ,.i.as index: 
 disease index observed 

1i t 2 3 R:S 

P 	 Matsushnia
 
New No.2 (M) 0 0 
 0 22 3.00 

Pt 	 77h (h) 32 0t 0 t) 0.0
F, 	 M x ) 44 0 1) 0

M x h 247 5 	
0.0F, 
 6 35 0.42 247 (220): 46 (73)tI( 	 (M x h)x M 101 12 9 50 1.05 101 (86) : 71 (86)I(', 	M x hi Y b i174 0 0 0 (00 174 (174): 0(0) 

R:rcsislanl pianis idisease inidex=(r): S:suscepliblc plants (disease index= 1,2,3).Figures inlparenithesis indicare theoretical ratiosexpected fior)i 3:1segregation inF,, 1:1 inlIC,, and I:t0 in BC(,. 

Similar genetical analyses were done by Yoshikawa et al. (1978), using the race 2 of filepathogen. Ina cross between a resistant Cabbage: 1l3fimerwadkohl 72755. aid a moderatelysuscept ihe cabbage: /\ichidaihansei. tie resistance of ' 1thnierwaldkohl 72755 was inherited
by a polygene of four pairs (Table 3;. Sirilfar results ',wereshown in the crosses of resistantcabbage: Bindsacthsernr 72754 or tliihmerwaldkohfl 72756. with moderately susceptiblecabbage. Aichidaihansei. In the cross olt a resistant Curled kale. K 269. with a susceptible 
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IAIIII.: 3 Iritquencs (list ribut ion ol'cluhrot resistantce iii trosses or calbages between Aichidaibansei 
and Iohrrialdkotl 72755. 

(iCiicraitm 	 of pIant,, . iih MeanolNumber 
alld plogemel 	 disCase indc.,: disease index 

0 I 2 3 

I' 	 Aichidailan,,i (A) 1) 10 48 28 2.21 
P, 	 lohiierx, aldko,1hl
 

72755 (B) 58 17 I 0 
 0.25
 
I .\ - I 
 14 31 34 I 1.28 (1.23)
I 	 A 1-) 28 V! 90 22 1.48 (1.26)
O: 	 (A I) A 0 14 133 53 2.20(.75) 
I 	 (A. B i 106 72 29 0 0.63 (1.23) 

- I ,).'/8(VI -VI1 ) r 3.61) 

IAlII.E 4 Frequency distribution of clubrool resistance in crosses of cabbage between Masagosanki 
(cabbage? and K 269 (kale). 

(ieneralion Number of plants with Mean Segregation ratio 
and progetty 	 disease index: disease index observed" 

0 I 2 3 S:R 

I', 	 Nlasagomsanki iM) 0I 0 I 96 2.99 
1P, 	 K 209i K i ty) ( ( 0 0.0 
I-	 M K 0 12 87 0 1.88 
F. %I, K 157 95 214 130 1.53 439(447) :157(149)

I (.\I K) :M 
 3 II 142 192 2.50 345(348): 3(0)

BC' IM K) x K 168 87 99 
 I0 0.87 196(182) :168(182) 

Same asTable 2. 

calbage. Masagosanki, the resistance of K 269 was inherited by single recessive gene and 
inheritance of leal character was independent oftiat of clubroot resistance (Table 4). 

Present status aid problems o1 breeding 
CI I1I"\,IS I ( A I Ii\(;F1 A N 1 () I I I I: B. (, .IPO /RA.' 'R()PSN 

The breeding ,,ork on Chinese cabkiage has been carried out by crossing Chinese cabbage 
111bresistanl European fodder tlrtiips since 1978 trder a practicable plan. Fortunately the 

resistarice is inherited 1y a single dominant geie. indipendently of the leaficharacter. These 
facts tmade the breeding work very successful. By1 or 5 backcrossings of 'hinese cabbage
Io the Ihybrids betweett Chlinese cabbage attl tltinij) agood heading quality Call be obtained. 
ItI the crosses beltscen ('hinese cabbage and Ittrnip, lines of varions types, such as heading,
Willi-headiting, nori-ieadirte Chinese cabbage types. trii type. Chim'lux;is type, tiabana type
(vith btds and V11uttg cltsters foreating) wcrc scgrcgitcd. Bolting character was also widly
segtegated in tle F, generalioi. 

"'l,:fa\,.national and prefectural experiment stations as well as many (12 at present) seed 
coiiipa tie s are de,'olinrg their eflorts to breeding many types of Chinese cabbage. 'Kanama
chi. No/a, ana. Snguikina and Oonobcni' types of turnip and 'Nabatia, Mizukakena, Meiketia 
and Oosakina" tpes Of salt green. Up to date, 12 F,hybrids and 5 parental lines in Chinese 
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Cal~i~age. h, itd i ip. ti , ll5 IdI Int l gret)". I I .dI FI\ ItII 'ar2 I , I a- I ii s,;+ilIntl , 11 
ill hi.'aditL, ca il c \, c relae d (TalI 5). alind sonllic ilhr lree'iig line,, ha, c eah,i tlhe 
sta Ief ,Itile thLIir placticali i,.. aniLm1() i IIIcl thrmdIIIthlIi',rseh ,cd duclil ,,\ ,I5tI 1,, \\ etl 

I\ lf i ialihilit,,. () ilt iIC l 'ilaill,Ltal iilhed Lo,illL nC ,lnF OH oilir Iiid there ilil si-, )e 
in,,. lllllc, iI;il s .I l ite', h ih ',iu-l rcasd vill,,1it- +'A I l l, iiih i t l ill. +l ,l'h ;t,, dc" 

l k\BI .I'F5 ('llllbu'pol rusitant ctnllilars, I-'t-1llll brued ill +i all . 

Rclea,c 

I,,0 rp ( hill\ aear C raBled Maturity I ICad SLap* I.le;il' tiihi 

('iunsi' Snw,i k'R75 F 1,5 \0'ilili hi' SCe'i ('O. late fi nd type dialk git't'ii
Lithl+,c+ Kul, ai Ot (1-, Ith5 -'Akii .";,,.tk (Co. C.al.k ,.'armful lI 1-1CCHI 

Kuikai 7) 0- 1I"),' 5 Takii Sieti (o. Ii'l 11iii t'lillll t\ PC dlalki cn 

iR K nki (F. I)85 'Co. Nihi'11-1ellur'ill Illl itll t ; ia ) 1)1101 lr 2tt.l 
(UR Kallki No. 10()( I (Co. Nillum-ntoulinl (+anJ111101IN .'CC198(0 Hu-tlitl t . I 

('R R, ioku 6 W alallalhe Seeds (,o. +tn li l dAl C.1II(98 l llI t'C l\).ittxli -'k 
(tF,) Watalmlhe Sced, t)L'(UR k\o.m It9S 0 (Co. C.allIN tMillOll I\, D d l[ i 'l I 

, 
Clll 1\t1Dl1liotl 0.",1 1980 ),lklt'+,tl .SCCdk I()t .;Il . r0lI pc (h lk t}wcnl 

tlll nau ( . C-lal M i i 
R lnia IF, ]980 M'llll8lt(l S, (inoi('0.ii.I 'tllC1 - , ';iI I lmlI l 1c I M LtLTI. lI 
('R I louili No. 1 (I:1 Toui(i S.cds ('o. Cal I'lilll l daik !ltCiL 

I ilkkatsu IF, 1)80 SC,-',+'d, i' i II ,' I),-h iik atCi 

IOSf, kin 11IxL' 
('R I ouiai N o. 2 IF,1 "18(iTulhokii Seds Co '. Caa ,'aIi 1 n INp tlni ''ic 

1'. I..L:Noli No. I 1984 NIV )T' ,arh roi l ,i ,.' huhtw il i 

1'. L. :Noh No. 2 1984 NIV()T i,.'diti li oul) d lx c '[CC[ 
P. L. :Not No. 3 1984 NIVOT Illed'diitill h l\',' 1-1l'C[] 
1'. . :Noh No. 4 1985 NIVOT early hall Itp' lrk green 
P. I. :Noh No. 5 1985 NIVOT mCdi unI rotnd Iype green 

('abhage YCRSF (,) 1984 NVOES 

lFin ip Ilida-Tobime Kabu 1985 Kosaka Shubyo Co. Ltd. 

Sail Shinano [No/awanai 1982 NVOES 
grtius Wakinfiina 1986 Sizuoka Agr. Exp. Sta. Koureichi Branch 

I'. L.: Noh No. I 1986 NIVOT 

Piarcntal lie. 
NIV( 1: NatnlinalI Research Instilate of Vegetable, Ornamental Planis and Tea. 

('s\B im( -\O )ItIRI . (BI.I.'..III ('H t's 

The breeding work on cabbage was started earlier than that of Chinese cabbage, Lsing 
mainly Biv30nmerwaldkohl 72755 as a resistant source. But the resistance ol' Bihnerwaldkohl 
72755 is not complete especially when the temperatore is v'ery high, and was inherited h)y 
polygetne. In 1984, Tsukada et al. (1986) hred a clubroot resistant : hybrid. YCRSI- ((hoya 
Ko No. 9) using lihtimerwalkohl 72755 as a resistant sote/c. In (1ilr case. headitng charactet 
ismuch improved bt1 the resistance isnot yet enotigh ftOrcomniercial use. hlie breeding ,york 
oHlleadirte calhagc h1aS faced inch 1nor'edilficulty than that htt~iinese cabbage. On the other 
hand. the resistance of'kale "K269' ismitch higher than thatl[ ()1'*ihier alkoh 72755' aild 
inherited by single recessive gene. The breeding work sing *K 269' is st illati early stage. 
and needs manyvears as compared to the above cross, bit lines with complete tesistaIce caii 
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IIIIIllctt. It thi'd tI'N ,,lint chI;Il:IciN ealc*l 5,idol, and ,saricls types fIplant, such 
it,lltaiIIL, cabtIghc Ispc. ho,.'coli t\1w. laIulil\,cr.i It'p. BIliN,, sprolt, type. etc., were
 
lIIlt'm I-, ',p,,Nilr hlcdIe il
d III cl'ClaItilin,.St) it h (),C% ar iotvs lype,,()Iline with com plete
'/,,-liilj., intatLT/NN If ht._ad.inp cabbaceu and !,:tk'. 

Biliog~raph? 
\q,i/ m I. \1 vI' il,I 197S) Sltudiv Ohe hltC'udIlIW W1ikICC III L'ICL.101)1. 1.SLI 20 L'L MlIps(11 (11 L 111111001 Llljt11 oe 

I'll I htll'11t+IICsI1IJllt.LL-(.M ll/ 1 t l hnam ( w+p\ IRl,, l ., A-1. 1 10. 1 III.lalMn," \%I, thII lj ish IIq IIIIII;I\.lh A";, IW ttlt~ ' 

, .\I, 1 t9,SM l..,t lhILt.dInI1e 1 I,+,a.10le.S'{k c IILSL. Lr, copI 
lI IIL I. I 12 1. B till, t'L 11,111( "'I .Sa .A 7. .;575. 1 It I .Japanese,%' I li 

\ 1a C1 1l. ) Studi lIthe+ 01 ,+Lult I I ¢ tops,. Ic,+'Imof,.ol,+ 
] t If-I tH t aI,+:LT \ o f{ /p\R,,.'+ III+;lhsh 

NtIIIIII o.1I 

0.'1)an i-e , ).I0 i,Fao pl Bll c I ,+ltl IS, ,a 11 a Ilit~l. \ I,. (11.', th I Li tih r,, l1).lRe\ " +,. I 1 2 Ii lapa1icl i0 11u 

Sti 4isi olt,,1' 1I h i m . 12, 27(0 70. 
I IIi'i'CI ). 1 lt''i~eIIISI. /1( s t',ilt ) oi clu't' Il nIaI ('11111001/I Id 111i//sIIINiI I hillNoIII. Yall'Rle.lIned.II '.LaIM. 11,\I111\ )PiC15CIIII I'. it the.'hledll'uI/I i~~/I' s ce i 'No/;Itia // (ll sIIu 

1 I)O/L II/t C S5(+.Imm, I,'0IIIt, h+<d .4100{.111]japallese.1 

sl . I I )S i Presenl dt''.us o tlie bredi gti/r I istancev' *Nai. Bura Immo lr SW .5 . 
>I,.2I - jil .alIllc, . I 

llr'estl ( ll. I/I I' i.led 
In 


'sKIill.I't. I 1 7(M ",i'rli otalllIl,V , I tOludlhlilill/l i slhkklIteId( B111. ,i0.OWr+TI.& 1,Fi%e -rtl tr[iL 1. ' l 

','i. -)" 10I(S.l I.1,11MIR".C \% l IIl,.I
.9 l ithEngliSi, q+.t 

I tiliml i.II I1 iiIi'7tl c''IIl il'rCetiSll' \cseld les i r f' I edings,(lt'Wedl I/fi C.ruciflr ll lii'lc o II b. 
l/mh lic,l h. llan. tuI l/ii '.I A /l. /lil V I /. l/'Ul/.. S54 5. 1-4 JaIllaese.1 

I INlk/iOt . i. t' i 1 8)Bruedin ' I lil t .-rSi d .N linai. l in aboI in hoylK 1)(Y'RSI ") 
at~~t,lI :pri///,andof de.cri/lt/1u1i/Hrl.tA'ts,111itr,chtMClC/s.f I' ( 01'11(11'1.. u.. Crop.s a. 4, 15-26.[IiI. At 

SirOl0 (-|, 
. ( 1900/) ,q'l [flhedeIrlln l iopho.,a lra.vs',Ilhill ge 

B10l/1 1111ml 11i{ll'0111 k , 0(LI'lIh1Japalicst.l 
\\lilll.11I A+ N% hSIt l" mill t(1 ' aces of lPla.xm i. +lli'mcCallbb 

P'+lopaf/
'Ind mutllknaga. ,50, 0+24028. 
l enls++ topho)ri ,,r.//)I l./ot+.lkim i,11. 11970a)Ra,,.'cpi' ofIP .lllin i',a,,sicalethat inf'ect cucitf.r vegolahles. "I. 

1. (2S (6.+4[hn+bplancse.1
 
Yo,,hiKlkNv, Jrollctni the breeding (it chrl~, -resistance of crtcifer vegetables. ,.1gr.Hoff., 51.,
. If I 197h)7el (I .

1(11); I(09",I h] .apillese.I 

11.L-1all. I ItQ7,) ihebree.ding ofcLhrH)l-res2s, e ol"i01'liM J',, St;udies on i. l~i roI"F.ps,: Nol. 10 Inheritanlce of* 
t.Illlool +lJpai Sm' Meet'. [Ili'tleillnce incabbiage. ,.lhir. +.AutumnI~l 146-147. Ja.panese'l 
llk.I%;I, II. I S tudies IicoleN1,P, el itl.19 11R on|tihebreeding 01fClut+root-resistance crolps. Ill. The 'inserlJion" 

nethod ltlClubrN-oot-resist;.uce. S.{ A8, 1-21I.ILTclill ,t Bull. V'eg,.(rnlam. C'rops.Re's.St'a.. linJapanlese wiih 
Lmlgl,h t11 1111+€
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Utilizition of genetic resources for soyabean dwarf viru,
 
in soyahean breeding
 

II 1 I ARt B.tl.\IA 

So\ ala, (I\dart \I ru (s l)V) is oiuc of tie most serioulS viruis tIieasC ol soyahean (Gy lim' 
ma t1( ..) \lerr. ti tlokkaidh and the northern part otflonshu (Tanlatia I975: Yargida el 
al.197,). \iru L',.IIN', rtiai~ kahlc \iCld 10,,. Io esamnple. a 5()(! incielnc o1 field 
ilCttlilon ll,\ l 'l ill a",11111c1' &,4(1", ill\i hl IN (Tlina1lat I1975). hlteni\ e reN arclh ito 
ilILullif\ dh
the C'Ii,dl ,IL'Cll tlli li',Cac ha" hcell carriedl outl h\ tile pilnl pathotlog.y divi'qtlm 

ll Ilkkaidl( ('Central A\rieultltl", l1\jeriniiellt St ill ,in]'c 100j. d_ seN fo ulnd to helise , 
.Iiplili homerl., lldtithe Iilliral lo',lilalit , ale' ladillo. \\ ilt anid led clover (Iri/Oiu "pp.) 
'tada I970). The \irwI h\ lit L.ahid (lA/(1 )oifho/l \ohmi) ill ai,,ll lnilllit2ct I\ hl 
,icill (circilali N alIl a tiiIfelcill lIl(o,l ' I1iltohliI rLI v )limillicl. i\\ I1)V 1 1i1 r11112 Miti 


h1;\c h1 t.Cl I i(fel ifed. 0(1w I,(ItheIIk, II (k dil I,11 liI \\h hd IC'lkll,C I ,lq" vlhciln
zI.l'in tdIl\11rl'inf 


pln t.\ ith NihrtcflI)Cti(lC llid ill'rlhlOiC. anitd 1the other ik \cilhm ill\Irajil \\ hic'h Ciltl'(d 
a 11,011 _hlroi, Il l ,ts aldtiltcr\ei l .clh imlofl ILti l\ ',N( l a 1973 .Sil e 
infectionl \Nill) N llo~ iillo u feCtlitllht~lh ;10t1L"_,,raill 01r jCtlI in k111h rli ,hligh'ly rll ,,e 01. 

\kriunkled ieatlet, catsimL2 seritull, tililnai ItN'.\ allN, tthlct IIllllal tondliitioln, (Taiata
It975).
 

u rgl*O v Ir 'Ken 
Ctiried out hy the sovaheanv thrcedirl2 di\ ision ol I lkkaidll ( eitral A2IiclItliral I"Jlirim101t 
Statillsinlce 1966. [irsliv there Wo 'r ICst resi ,lallt'c ill and 

The svaheail breeding I t dcelhp all SI)V rt'NinStll Cileti iI h NilirlliV 

,TCreCllili tl'l Io SI)V loIkei2 
(IIIlllc~tILt.!gcrmllasu'1 oflsov\ae . eCt_'llldl\ 2loNNC, h'cl\ eeil SI )Vl tailt ctnltivaIlr and ile 
retco1l enhlded ctltivais l Fll kkaido \\cre crltrmct. The ,oahcall hrcctii iprlgorall was 
able tll lievclop tIle w ith mlderate SI)V rcsistant high yield and good qtluality.promising lillten 

It \ &,rclcacd as a ile\k,,,abt'an culli\ill-, "T.,ull-ko.anc', ill sotthern I lokkaitlo in I984 
( tib Ilt)85).]]tl'tc al. 

(ermplasm collections I'tr SD\ resistance 
\. I1an11V .s2682 cnlt ilars were cvaluattd for SDV rcsistance diuring tic past 17 ycars 

(Talimura ct al. 19821. The country of origin anid he ntmber of soyabcai cultivas intro
dUcedl Ior S DV st'rtccn illtest arc shown in Table I. These screening materials were offered 
h\ f0reign andJapanesepevneralsoyaeai hrccdinrg laboratories as follows: ( I 1J.S. Regional 
So\aheim Laboratory Urbana. Illinois, USA: (2) Mca Jo Agricultural LFxperimcnt Station, 
'lThaiantd: (3) Plant 13-elcding an(lAcclii ilati/at (loIrStittc SOlyabc l Laboratory. Poland: (4)
National Ilstlitttc of Agrobiological Resolurces, Japan: (5) Ttlhoku National Agricultural 
Ixperimcnt Station (Kariwano Soyahcal 3reeding Branch),Jpan: (6)1 lokkaidii Irel'cturail 
l kachi Agricultural Eixperiment Station. Japan: (7) Nagano Prcfectural Agricultural 

Ixpt'riment Station. Japan: (8) KuLMatnoto Preifectuiral Agricultural Eixperimtent Station. 
Janall: and (9) hwatc I'rccctural Aricultnral lFxpcrimcnt Station. Japan. Scrteening, I,'SDV 
resitanIcc was evaluated by both natural inftection and artificial inocultiation tests. 

Screening methods 

N \ iI .\i OllIi IN 

his HIcth11OLI \ as first perlortied at Naganuma in 1966, and since 1978 it has been pert'ormed 
al )atc. \here Sl)V usually occurred very scrioutsly. 
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'IABI.E I 	 (ountries of origin and tihe number of so ahean cullikars or lines inlroduced "or Si) 
screening from 1966 Io 1982. 

(ounilr. No. of cultiar, (ountry No. of ctilfi ars 
and lil and llie 

I SA 131 USSR 14 
(hioa 120I)Taiwan 13 
Ih1allanl 64 Canada 12 

,, k;cr;oi.m,, 54 IIhngary I I 
Korca 43 Australia I0 
1u ,,lia 42 South Africa 9 
Iland 41 Romania 2 
S s cden 3(1 nkno,,i 142 
Irance 29 Japan I 892 
Bra/il 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 
sovahean plant (graded froto icro to fotr (o tele basis of sytoptom intensity as follows: 0=no 
svliptoills, 4=scee s.yilploins). lhc degree of SDV resistance in each soyabean cultivar 
was evaltaled oil the basis of tite results of oCtltitlotIS screening tests CotLducted for two or 
three years, as the occurrence (of SI)V varied front year to year in the field tests. The 
percentage of SI)V infection in the slsceptible and resistant cultivars at Naganuma from 1971 
to I9 i()isSilown ill Figure I. 

10)) 

3,0 	 Shirotsurunoko (S)
90 

70

. 60 -	 oae i-S) 

50 
0 

S40 

* 30 Yu,'uru (S)\ 

20 	 (uhouiu Ill 

tavcrfcr sIcial (R)10 

1971 1972 1473 1974 I 11N 1970 1977 1978 1979 19811 

Year 

FI;URE I Seasonal changes in the percentage (if infection on susceptible and resistant cultivars at 
Naganuma from 1971 to 1980. 
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It diflictl to C\ aluallc for SIt\' rei inlc trnder IIil ctOutitiic, s because occurrence 
S.irii'. fr'oIi '.;irlIt \ealr. Thicfrclrc alllil-iif'ts t IIi,ad to dcleop ;+aefficient artificial 

lo IclC\cn IICLA 10,1 I, irtpld',IM, icil,\ plilc,,,. D lr;+u d ovingC h.\\IIII, I'rIIroI l n ell~lyd 

,trI tf SI ) \ v, etll,_I \ ll int)l c tli plilit itlh ,leIafiiI ct, iit t 1)\ eIrtu',iI)lIIIll thir 'tit 

dlilt td 5t i h\ ai 

itIit lh ,c aphid.I setsitkilled i i in,,tII.l)Ii\ 7 ]ti\ .iIsIL t tII ti t ,il ,i 


I11CIIIarlS I1k. SJtI,."tN Lif ll;\ v, o iCtllsit(Iclt)tl ofsl5 6 hrtilif.rotis +ajllhids 
v l c ..t tk \Iiic tin e, 

,1ll(1 IIl ttI sll%5 t i d 101 t ,itlilti Ctilti ar. II.t,icths \ i tlh. hItI'dI v I, it cnl ild' 11 1 I IC ',t i to 
dic.k plt, tit in!til te. fli I u\t1 . Cd ill litttC . t if]Iiu-ISl( itsC i tS ]rili thi0\% i clt,i u \.fi 

f 11 \ll i kL'i iil.C tittL . 'hCltlhll ill ' C IC ics,ils' lifttdil Ctl tI~ll
pals,
tihlt Illi

insclihsithtis,5 au lls 
mlrscI
t ] Iii\ic,,t%CI 'tIIilhc r,.lati',cliitIt\ -,oililts+ ,.'.+,i.ai.'n it tihe. fhsr,.centace 

ialcl I l1ue5 i 111l II 

Ill Iikfis sluk ts,.
 

%kas, 'it/id i, I/ • IOM . ,+fiCrC I Is lt, 0ht'III dii Iish inlfICtsd 1htS is that 

Scre inglifImSl)V resistatil soianean culliiars 

It vsa, Ittunud that 2(flt oftluw 2 (h,",2 w\ere re,.sis-ltn ca+sectulivars,,evahiatet to S"I)V/as in th 

of the t rtls resistat CtLivIr ()u'ItLjt. arc fistd in Tahle 2. Infection"'h CS:Illlival-ss 
rtin,2ed Irom 0I) 10.9' ;illthe rcOLd.ra+tlCly resistInt cuLlivir "()uhonju" durilg 17 years. The 
,Ltlti\ a+l",es athiltCd for tI'sistance to SI)V showed nitcan valus Iess fla approximately 51;; 
of Ifection. ()n the cotrlllsr. the Nuscep-til'eC ctu+llivar ", *hirltsiruno loand "Ytuiu' 

hiis a 1dInih percentaerg of'urfeclion. Three culltivars ( iokus, ase ('hish ira' K immic"ir and 
,hloss the t.t• 9f073' Cd no (discase sytlllp)ttlS dnrini .,,pecriod,, at Ni'iitufniti. Ilowever, it 

" 
\\a, found that ')I 90703' ansd "Kihmai \uwt inlfecCL at l0\\ lrTsun¢la- in a riously 
inneste.d field t l)atc. shlcr.as '(okuiase (lishiia' still ,'hio\\,cdno ,,ntlptotis. 

1.E Resistancte to SI)\VI ItI 2 or .su)ealcancullti ars'. inlridijced Firim 1966 to 1982 atNl talinia. 

( iiltisar,, ( ir. ts., ptrirtd St)V itfCtioi itItmlunol 
utnroductiir yir) Mean Range 

.- aiuiU I SA l0 1.4 0.0 3.8 
+\k;uilii Japail 5 2.7 0.0- 4.7 
HasIndCr Special USA 14 2.7 0.0 - 6.9 
Gikt S ui.hiima Japan 7 0.0 0.0 
Ihll tiska 23 t Yt&O'sltavia 5 1.4 0.0 - 4.8 
Kimam+.+ Jaipall 5 0.0 0.0 
M- 14 Yugoslavia 6 0.6 0.0 - 2.4 
\ttttrrcil MtanCt:u China 5 1.4 0.0- 6.3 
I htlutljU China 17 5.6 0.0 - 16.9 
I';iiiulo Korea 5 3.8 0.0 - 19.1 
Ickin China 3 0.9 0.0- 2.8 
I',. kitg Kirodaiu China 4 2.5 0.0- 4.4 
Itl S'1772 China 4 3.5 1.8 - 4.9 
It 9i0763 China 5 0.0 0.0 
Shutai 4 China 4 1.4 0.0 - 4.6 
1imiria/irevskaja 144 USSR 6 0.6 0.0- 2.2 
Yitlhitokachtumryu Japan 7 0.2 0.0 - 1.6 
\Vahash USA 3 3.3 0.0- 5.5 
63-1 t-108-913 Sweden 6 1.3 0.0 - 5.6 

0-Ill2-7 Sweden 6 0.5 0.0 - 3.1 
Shtriunt ko' Japan 14 53.9 I1.2 - 87.8 
"Ytitrt" Japan 12 47.9 2.7 - 89.9 

'S itolsmrtuoko' and "YtlZLrtl'are stsceptible cultivars. 
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Arlilicial iniOCulatioii wva, perfrileud in 2() soylean cultivars which showCsed a lower
perenltaee ) Iheet'jihl i f iheld al Nigalnnia. Thie results ate shown in Table 3. The relative

MCitdtgeM lreach ICrono1iharacteristi ( ofIhe Clillivaril hioci'llmed with ellhwir.g train
a",los r thia\Cthat or the t.t1iCalr, ijioctlnatd 5ithi t dw,arfing stra,. lor d arrng_he, 


,,traiIf. Ie relti\ C p Iercentae ltI cMh agrCololliM Charae_'teristic ii 21)resitlant culiars was
ilineh higher tlini that l t'h ,,i, tibh.eultivars. 'ihrottrioko" and Yu/tru, snl1 ,gesligli
hat lh,, 2() uhl.'\'i,\, ic l itire resil Itodl, ailing .trajil. ()n the ther alll 

tll lIatnl t. O e th thle_1
sCiglt 5.lite 55 i h ilt IIII-"isI aix. 

, l mli , ,Irll sh , Owd OL relati\c p'.ic llaCt.IOor 1the ',Cth( 
1t liheci u1 i, r ot and W ahaslf sinlls er)CrVCntd,_, M h k\, 11,1)g Io 01C o ,+CC.h hid) k,011C ()Ith1CImporttitll charalcterist ic>,indicative 

of rsciimIce. It i, Illatkiggetet thCe IX L.1unlti %ai, arc moderatelxNrcsistall to the vellosirig 
"traim. No cuIti,\r, immune IniiIV )\'see loiitld. 

Ilim
lA. l.l,3 ReI l lM. perce ntI Ioi .gu arliificial inotJlalioii Iesisusing hso strains if'D])V,Yt Imliming .ii( 

tlallthCiht" NUl er of pods 
).+nrf Yt tlhokD%\arf Yellow 

We.'ight of seed,, 
)warf Yelow 

WCigllt 

)wkarf 
o Ill) ,,c). 

Yel i. 

Adam" 80 84 00 39 49 34 88 94 
Akanll90 
i;n1rnttCr Special 
(; kase ('hishima 
Ihthinaka 231 
Kimame 
M -
Mtoircal Manchu 
(lLlU9iU 

Pondo 
.ilAm 

102 
100 
81 
98 
83 
60 
80 

95 
82 

69 
75 
83 
71) 
100 
77 
71 
83 

100 
82 

901 
77 
82 
77 
65 
37 
50 
75 
89 
63 

61t 
72 
67 
46 
85 
23 
50 
67 
55 
45 

85 
65 
90 
76 
42 
39 
37 
66 
85 
74 

35 
47 
63 
31 
35 
10 
23 
59 
44 
54 

99 
89 
89 
95 
60 
91 
91 
79 
81 
96 

96 
74 
78 
88 
60 
67 
80 
75 
74 
89 

I'ckin7KUlil lP IJ++'u772 98116 106107 94103 7173 86109 6355 9992 9886 
'1t'91703 
Shtai 4 
timiacrcvvskaija 
Yo'Nh iokachuryu 
What, 
o.--I 18-9 1 
840-2-7 
Snirtiurunko' 
Yo/tlrtil 

144 

917 
63 
84 

105 
80 

103 
94 
48 
3() 

87 
79 
92 
95 
73 
100 
116 
97 
92 

68 
49 
53 
99 
73 
90 
68 
23 
13 

57 
39 
46 
63 
24 
34 
51 

6 
38 

92 
33 
46 
97 
80 
91 
55 

9 
0 

40 
25 
30 
46 
15 

22 
35 

I 
16 

98 
88 
94 
94 
90 
92 

100 
85 
86 

80 
79 
82 
77 
73 
53 
89 
73 
84 

%).arI is (k arfing ,Irain of* SI)V and 'Yellow' is yellowing sirain of SDV.
 
SticejlrihIC clntrivar,.
 

Breeding for resistance to SI)V 
It was recolnied ithatthe soyabean cultivars 'Adams', 'Bavender Special' and 'Ouhotjiju

are moderalcly resistant to SDV from results obtained until 1971 (Tanimura and Tanrada
1976). But ileagronomic characteristics o lthe resistanl cultivars are inferior to those of the
recommended cullivars in Ilokkaido. The crosses between these resistant cttllivars and fhe
reconmetided cult ivars lave been pcrlbrmed since 197 I. 11itherto, we have atletped to cross
134 pairs to breed SI)V resistanl cullivars with high yield and good quality. The moderately 
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Irc~i",ilull kt\ it use fr I h nros Cee IC Ade Ia ,,' (31 p ltKr , ' lia\ enlcII Specia 1'(8 pairs),
SKlimiac' 2 pails. "()uhoiju rti 
ItiIIiIth(I 1M~IilcTAItl tCsis'I Ctlliar,, 'aid 1he Tccoiinicii(lcd cultivar, in I lokkaido (68 

(23 pairs) am]rid li, r1cilm iititi frot Ilic' above 

,lair . I II e car\ et.'t;Itii . (1"Fto I. ,. '-c liOr \ a, hacd ()n Ith Ih 'IICC o"0 'sy plonis 
f SIV\. L0 h f)ritit tl e iark ttl \ aitl good tllillt m ,i crga l ptl liintols 1t 

>.,ii it~lIIIia. IIh middle i (ti., t t . ..li h r ch',isiaiic' of IIIh'hicc ih eli s Wits 
-c, altaicld ii the tiehti al I )ate. lk'rliirituii.'c t,."-,ts ii1 th,. c ,'cltth iuliiu, lilies atli arlificial 

i0Iicuhaliii te'st,, lisimil th\5,arlitni a olld y ill:: staislls 01 Sl)\Vcc cairi'T l tol \CVhiuitee 
the rCisan,c . I31ccdi lr tes", -,sislail to Sl)V iil\c I),cn lcced ,.; ilh dCsiiIhlc airouiinlic 
,i.ractcrilic. Thue) oriinalcdIlrhiic tHI3 cr sc's fc'rlourmcd al Nau.una. ' reaclion 
o 1 Ih-1C'Citi C'St and olclteck cultiv v.\ lc dtMeCh I,..di 	 oumg ciut r,s uIt l i iiLuI aI itulectlior 

l i)alc aid arifiiatl iutoculatiouu at Naci.trmma. The tuicau vxulic 0I the )ci*crMiac, in lhii. 
hihiuig lines \ as itteruemdiale betcle thoiise in the st.Clihlc and It.I,.ratclv rcsistant 
iulli ;its. ,,\ls, thelhti'ari value ill I,,, lprotmisin!, lines ( huikn 1-i and ('lhuiku 17) was 

cspc'Ciall. less Ihali tholse of other Ilceding linle tested under lnaliura inflection al Dale or by 
trilicial inoculation. Moreover, breedinge lilies were Celablislicd ill ia )-cliniiarIl\ test al 
\ac'aluiuilla. i le sie \were selected Ifroli rltairV i)Iot uiiiig )il'e sli ill'-' SI)\' rC istance, 

iclId a0d qlttualit (TIahle 4. They \Cre ('Uhuiku ('huikt 15'.I5. '( huiku I0'. 
hiku 17' and ( 'hiku I8'. II order todetermllciin C,wvhethcIr proltniSilg liiics can bC released
 

hi Iarllcrs lhev \ Cre tested in insecticide-applliCd and ion iapplicd ficlds ill )alc in 1)3. "'1h
 
icsnills rneshliwn in Table 5. In tlhc non-applicd fields, the pucrcnage olf infection and
 
rcdtldion of Vield of the thrCe promisin7 lines were lower lhan llhose of '()houju' and 
".\dlani'. \\ herlas the sIsccptible CLtivars 'Ynnti' and 'lKoganeiro'showed low yield. 

I \III1E 4 	 A.gronoimic i iharacteristcs Iio s real Ireding ines ofIh( ivuieiln in insecticide-ipplied
 
ields aI Niganlil inl 1981.
 

I li' I),ai oh IL iiin Seed yield Relative Weight I100 seeds 
liiliu,;i. inaltlil\ score it/hat yield (1/r) (g) 

Ihiikil I I OiL;.7 I.0) 3.13 115 36.4 
('hulkit 15 Oct. 12 1.5 2.69 99 38.6 
I hulkil 10 Oct. 9 0.3 2.79 103 31.5 
(huiku 17 Oct. II 2.( 2.88 106 38.0 
('hilikil Is Oct. I I .) 3.04 112 33.1 
Yii/ilfll (Si Oct. 10 1.0 2.71 10 10.9 
( IllillijliR Oc . 4 (.5 2.01 74 25.3 

A new SI)DV resistant cutiv'ar "'surlkogatne' 

One resistanti line (hiltkit 14' designated as anew cullivar "I'suruikogane' was originated 
is at F , line developed fron the cross 'Chuiku I ' x 'Ouhou ju '. 'Cluiku I ' was selected by 
pore litre selection Irottlie laridrace "'sulrtoko' whicb had beell cultivated at Otobe town 
in southern I Iokkaido. This cultivar has a white hiloill, gives high yield :nll has a large seed 
size (approximnately 45 u, per 1() seels). '()uhoujtl, was sitilary selected by pure litre 
selection from landiace "Yonryuki" which had been cultivated it lhe Jilin districts of 

tllaitlauid ('hitna. It has a while hitilni, i\,es high yield and has a tnedillin seed size 
(approxilately 25 g per 1(11seeds). It is also tnoderately resistant to SD)V. The cross was 
perfrmi'inted itt 1971 and early generaIiois were evilated inthe field at Nagatiuntim. while tlhe 
laler etleratiots \wrere evalnated ill the field 	at )ate. Also, it was evaloated by artificial 
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TAIBI.E 5 	 Results o1'perfornntice tests for infection %%iliSI)V in insecticide-applied and non-applied 
fields at I)Dite in 1982. 

ILinc or 	 Infcction I'lant Relative Weicht
 
LItIti f \kiui SI)V height Sced yield 
 dield of IX) seeds 

(1; (cln) (1/nlil N,/t (g) 

('Ihniku 14 13.3 80 	 811.78 26.4
 
('huiku 15 36.1 84 1.77 82 
 34.1
 
('hiku 17 12.3 82 1.82 88 
 25.3
 
K ioilanjim (S 6.6 58 0.31 
 17 13.8 

(tJ/il 92.5 71 0.27 17 32.3iS) 

Aattm i(R 30.2 103 1.15 53 14.7
 
()thoujt (R) 85 1.27 64 18.0
 

Appllicd 

(linku 14 6.3 81 2.20 100 26.4 
(htiku 15 12.6 88 2.15 100 33.1
 
(huiku 17 11.8 84 2.06 100 26.7
 
Koganicjiro (S) 14.2 78 1.85 100 18.9
 
YlI/ulru (S) 34.5 78 1.62 100 37.4
 
Adams (R) 
 13.0 114 2.18 100 16.3
 

i)uhouitu (R) I0.9 90 100
1.99 	 20.9 

" Not !tieaSlLt. 

inculation 	tests at Naganumta in 1981. 1982 and 1983. The perfornmance tests were 
con d uCted if) holh in SecIiCi(Id-pplied and (io- applied lields in 1983 at Date and litatori 
where SI)V was USlSllv serions. The resnlts arc shown in Table 6. In the non-applied fields 
at Biratori. the percentaoe of inlection and yield loss of "]'surtikoga"e' were tunch ISs than 
t the snscCptillC Ctitivar "Kilahotnare'. Also. "Kilahomare remained im Iamntre at 
harvest time becase plants received serious dlama,ge. In the non-applied Fields at Date 
similatrlys' the percentwe of inlcctiot and yield loss of "I'stinkoomac" were much lower than 
those of)"'t Zuu'tlr.\kas shown that "'TsnrukoganC" is as resistamtt to SI)V as 'Onhonjt,'. TheIt 

etests for inultcliou %sith 

SI)tDate and Iliratori in 1983.
 

IAII.E 6 	 Resulls o'perf' rmacu SI)V insectici(e-appl)lied arill non-applicd fields 

Infection Maturity Phlat Relativc 
Insecticide ('ultivars with SDV date height Sced yield yield 

(14) 	 (cim) (ha) ( 

Non-applied 	 Tsurukoganc 23.0 Oct. I1 66 2.28 8(0 
Yuzuru 52.9 Oct. 16 54 (.82 39 

Applied 	 Tsurukogane 11.3 Oct. II 68 2.84 100 
Yuzuru 22.5 Oct. 16 57 2.10 	 100 

liratori
 
Non-applied 	 Tsurukogane 35.9 Oct. 12 78 2.49 87 

Kitahomare 96.4 Immature 40 0.33 I1
 

Applied 	 Tsurukog;nc 15.1 0(t. It 87 2.86 10(1 
Kitahomare 35.7 Oct. II 58 2.94 I(10 
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pcfrrnancc lests lo]I\\st-ed lha the ltcan yicld for 3 \ r \\'a 2.89) t/h', ill the inscClicidC
applied ficIds at Nag uitanmmad it ksw, alpplo inlle I\ 17' ;ichr than that ofa chlck cltivar 
*,,(\ost1/li 

"'I'nrIk lie as rcislcrcd by the Nlinlistr\ of A,riculitre. IFrcstr\ and FisIheries as 
"S. abl,.ri NOrrir No. 7'" and it ,was released as a recontmendcd culivar in soutlhCn 
lokkaidlo illIt,J. 

Intlire s ralleies 

, tatcd ire1Vionusl\ ' ito culli\'tars iiulilltnle to SD)V were detected aliiOli2 ite geriiplasill 
col letili,. \C hlve already screened 2682 soyaheall cultivars for SI)V. It wontilld he 
desirable to ealtailC tihe resistance to SDV oil about I0(0(0 specitens oftelle world so'aball 

_rtfill~liisrl \\ hich aC collcCtCd in the USA. Taiwan and other countries. 
\inrrit all the lines selected or resistance to SI)V originated fromri 1 )Ihoii',ii licreas 

ollr \ 41lilies scrc derivcd froli ollel niaterials. The arollolliic charuactcri,tic, ofltirc br-cedir'n 
linire ouininaling with *()hoLuj ' Stli)puior to thoe,,0(t rCsiSllllI'tlil crosses tirie otlher S1)\ 
ctifthi\ a.e'2. 'Adarsl, "laVellder Special'. etc. ()tlhmtijr" ., t_,ecellet-i aoniill char
actlerisics cCpl~t lodging antld small seed siue. I lo\ec\r. baseoit thillieIlt-'sts of natilral 
inliectiol al Date. the percentag 01' inf'ectioti ill "()uhouju + \Vas lontnd to be Iliellti than ill 
othllr I-siStirnt culiivars. Altltough tlltenlpts wercimadeto Cross Ouloujin' wilh ilier Sl)V 
Rsislalil cullivars, aliiost all breeding litres detrived I'rolm these crosses \\ere inferior ill 
aIr1roirirlliic characterist ics. 'l'hereltr, we should breed hybrids wilth t higI, coiibiring ability 
aind 5)V resistance. A new cultivar havinr, better aitrrirrllic characteristics than 
"lsirukr reane" should be bred by crosses betweeln these excellent hybrids arld the recoill
iuilded ciulivars ill I lokkaido. 
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Utilization of genetic resources for maize and
 
soyahean disease resistance in Korea
 

KFI N )()NG 'ARK 

Stivahcan is one of,the oldest native crops iluldhas been grown for about 250(0 years on the 
KocWai peninsular (K won I972 ).The wi ld st Tyahean (( ,vi .,uvs;tlr ,ssi.,s) which is he lieved 
to bheti1eC lhrotlghoutcoulltry untilaceslor oltodav s cultivated soyahcall iscasiv founild file 

lat. soy;I'bcall IM,been I)VlI 
Ifos'.CvC. the acreage cullivatcd alld prodtMction hrave' bCCn iedUCCd bcansC of its loW 
productivit and l- ivlc bCCn increased year 

."sa.ll'e of protein a.tnd enIl ISOirre 01 the rIraJOr I'thd crops. 

Ilow incorire, and liporls for id etractin.iiccdinr-
aflcr yCar illrecCnt telies. 

Miaize is assumed to have been dcrivcd from ( 'ilIa iII 1tc mid si-siltenhII cciftlrv (('hoe 
i980). 

The corstilllptirll of rvaize grairi has bcn rapidly ir+rcasing iarticliarly for ani;rIal 
lecding'. I lowever. most derrrarrdS are rr1,1 b itnportCd inIi/c, since tir dIhCreslic irlet)dtlCiOll 
is limited by the shortage of liti VatCd acreagc. ()]i rile other !aIui. tile ctllivated at.'rcage of 
silace mlaie liaincreased ill Iccent Cars and it is prediced to colltirle to increase as arlirial 
produclitol colitinlles to increasc. 

II tis chaipteIr I irtrOdurcC 1hc geneial aspects of germplasil collection, evaluraltior and 
Iuii/atior partict'ulrI Ior tire study of virus diseases of soyabean and the mai/e breeding 
pro ,Irls illKorc;I. 

Major diiseases of'sovabean and maize 

Si ci l \\ 1)151\51s 

Majir ,mabcaldiseases in Korea are listed in Table I. Among the diseases soyahean 
rirosaic virus (SMV 1and its necrotic mutatllsstrains (SMV-N) are the predominatt and cause 
tilt most desrticlive daltlage ill soyaheal production. 

IA II .lEI MlaJor mSIalwean diseases in Korea. 

Commontl}l llilc Scienlific nameII, 

S0\ ihbea1sitc virus iSMV) 
li;'clial hijelir P'wudlomiax q,cilicaSi\ircl il.t*. (;h+,m,'r,'lh+,i,' ih ,ues 

liP lc ,tle rr ,'id,tit Cercspora kj/ihii 
lic'CrriI IMIulItt XalrhI/rw noas plaseoli 
I) il udew I'u'r'iros rai ,prwlsjnuhil 
P nd "eIC hight I)i on/'lhejih.suah~iim 
If Li k forl (uahonctria chw'lari.' 

SNiV is a member of potato virus Y group which includes a large number of important 
si rirscs I I-dwardson 1974). SMV is primarily transmitted tlhrugh seeds of soyatbcan plants 
IrodLuirrg [mosaic symptoms. The rate of seed transmission was reported as high as 68.41., 
In ovabean cthivar Midwest (Kendrick and (;ardner 1924). bilt generally ranges from ( to 
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35; inmruonst o\ahcan culti\ ars i(Chun cr al. 11)73: li/uka 1973).
 
Based oin sirtlcrit t "kitI\ killlt Slht\'al,2,i Cuiltjars',. ntieC than I(If) SMV isolaICS
 

olblatied DSI),\ Lt,.
fron . -,LrplI llccjtoiln,, \ crc cla. ,ilicd iii ,c'cn StrainS (G I -W(7 by
'h 7,1' aS+;nd (Choand ( itodnl~m ( 10)t1.
 

DI)+.lhlndiln,rOt01llhll it AlMIa ictlot and .NIV lln
H',0 '~l,0% tlllo,, Ic S,,t~pt..n N V t'tl,,n
 

CIL \lcrlaiienilMIIr I.iiii I i l V snrai lln nIte ii liontscT HI+ ) P Ilkl,\ ti ic t t rII,,
III-,t,\hcan tlluhrln lc ++,datllto 1c",,\p+Itlcnit S\IV \Mlltllhe l lhlc Itcd\%,hh mloreC \hulu'nl~ 
SN\\' straits,(('hltail ( itttlnian I )7u). 

lie.' a,fouL 11119 ,,sfiri ,,nIptonl of SMVN \\ iii( 2 i1 Y oil tIle C\lp.riiniital plt,, tOf
 
,uli ar K ", kiltwtt .3 \\Ich n Inlt li,_d 1'tl 1l i i ;iiii \Cel
as hit i 0 , l iie eultisvA 
rci,,l.int t lo lsaiC \ in (icI. I ,5).' ct al. 

l'hc nirrtr h_';Iinc sts aleani tilt,\;irs-\ IR\ lkis\ ott 3. I'iinclacdtn iulksuaiek.'tt. Kanlilnr. 

-,.cnc;ill _HI1iCeI ttlie 

S\IV \a, tcnltaticl catlicd b lit i 974 hcauSC lt Siij)tihi, \\crc vcr\ ,iiiil; !tt
 
iic tleo0CC urinl 1pot virs 'IRSV)(Lec ct al. 19)85).
 
(o ardW)('lne II 51 reported fivc icotiL,, strains oISNIV: ( (;2. ('5.('16 anid ('i7 \\cIc
 

At iMOnlklac arc rcsislant l It,. b i Cd ,Y>]rplonll . T ,ln iccrtlic 

nT 
idntiid from 220 Ical salples collectd through the contry.The strains (5. (4) arid (7
 
oCeIpiicd 001; of all isolates lested
 

"I \I/I 1)1,lvS s 

\ahr IIlai/c disCases arc listed in Table 2. FBlack-streaked diwarf virus (ISI)V)is tife iiosi
 
lImportant discisc of" 1aile i11southern and central paris o1 Korea (Ki ill a.la.
I )79; Park and
 
ILim 198l 1.BSI)V has also prnduced epidemics in Japan (Shikata I97-1) and ('hinia (Tani el
 
.I9). The +,>ilpitoni iaiie plants are Se\ il grovill,
proIdnuced ly BSI)V on scrc stnritingi 

a dark ,!rccn codton ilr tf Icavcs \%ith light greyish vCins, aridu ntcrouS ss,clliniIS alo0 Ilife 
Seills n thclIoss cr StlirfaCc Of he Ir'ca' cs rcsultirc frol abrnornall> chilargcd phlocir cls 
(Shinkai 1902 .\aie plants dic pIcrCnMlurCly W,'hen infctetd arll. In thc c'sC of Snrvival.ilic 
\s hole plant is (\5arlcd Iasa rcsult tl sltrtciliii ol intcl rodc,. the lassclns fail todcvclop and 
the L airr .ili is 2rc'aly dcCrcascd (YasLo I 969: "'Olr and ('hun 1980). BSIDV '.> 
lian,,Iirtrci onls b\ insect \clor,. ( and Shinkai 1969: Lcc ct al. I977). 

Similar reports \\crc rllIdc ror the syvnpltorns a11 SeCtofs of rniai0c rongh dwarf virus 
\ I R ) \ H,I larpa, 1972 . Ihe smill bio\n plantiholper trih'llu.I kluA//intis ost. she 

;icli\c \cclor Irarsniitting 3I),DV iWJapan and Korea (Shinkaii. 1962: Lee el al. 1977). 

"
 1\1',.1. '\lkirmai/,e di,,ta,,.sKorea.2 in, 


lltle Scinr'fiIc Inme 

Iiltck ++,tk c.+'a +,
Il~ ltfv,t r tt 

nt)iN \11 V Iair tIld (Ii l ItiV-Ii 
\,111lhc ICAtWblh Ih'lkilhoimorilon tuicum~ 

mifllicrtn Ica hiihi II,,mat'di,
 
Nowk tt Diplodia Spp. 
Stk nil Ii.+sarium spp. 
St I U.Ltilago tttydis 
Y-.ht..atht h toiun'lphors t 'lucmerishicht 


Genetic resource collections made to date 

Since t Kt rean peninsular isclose iuthe origin of soyabean, Manchuria, many countries 



I1,1\ i I c icxl',III IhicLIakcL I , Ilc,I1111t. SCic lt[I,,I, II)I II I 'S \,inlparticti lI i,collect'ed 5490
 
" L.L' '(llI l Lamr L,Ihe peli I to ark 1979)., l, II oiWd N 1)7' 


Ihi\\c\cI 'licliL. (lidLitr ali arieliL Clr\d tIhiolhi
INe\ iithei ' World War II 
\\cic lii ulu ii-, Il iK uican \\,it midiamIclICml.l12u) \\CLC pres'erved in I90). B \'World 

wlllle)lilllil hticcll hllpIlcillcitc t ni 

ii ', cm~u ,ii' (m h;i'iii 1iMI c 1 h' d)il fh)1)11ill11)il,7 I Ml)7t.
 

\\ rIt1 \j i CtiiiiinllL aIhladlll ,illlcllou sI 
,,i' ni, nildw I I 

l 15h. e11C \iil \ ICe y1iili l i l'ihc li IniLLII\%lic h1i l idi/ilioh iie' t iIi' 'K\ silA 
otli ar M l ld) Pli\iL\ IC\ iiI 1) Al\ all il 1i .10iil iii i a 

.\slstilII r \ i)[*)l)ii lilt C IIli w, c",llii l et ionhiltlhu eiw L \ 1,,)r itn I in K\ ii, radial 
lil il ili 1 ili;Ci l\I Ali ()I uI the II"cI II.() JI(I tic CiInIr \ ltai d WII97. I W I h () tItirdh I,-tr olin I 1900). 11 c ilt I,() I I~i '\;iluatidIJ C~l A0'clA~iofJuIh]lilde aI c'l;ilh()AW i ! ;I IlIC0)1 Hll ctI-v, 111,11iol 
)/ ,,rA ,,,S (K\\,tl, 19/78: K~ii(llm . a/bcal (G rmlomi hit197,X' ctlil. !9)72, 197.4). 

The 11o\Ihcal hrcder" illthe (Cl p F, \pcililll lSkill h,\i, Illad,c c')llIltI]O l C110f Iil l 
k.(11lcc'lin.lLcnclic l-c'(lllc'c,,(d 'C l iL 101lllhCir lllIi ' laind ido, a cii IrCCdilig ilFO l', sinCC 
(ihe11,1(k. l'oda,\ Ole hl ilninihcr of aiLccc'xil k 716h2 inldludili'7 kid al\ I ahle 3 t.ht -icano 

The "\"lclnalic C~aluatilul i"no CloIIIILC \llpd l IC l[ii gne~t
Ih illim l pl Cic r'SOllrCC
 

pi~ rlli \ ;i cslblilic i~ il nl .Buill1i'l \C ird l) ONlll1, lii.O985, War, the thiM of)lh1C I of, 

the cidcclioiis \sill be cvaluaCd andthcir V iINablc chiaractCritics will be ConpulteriZed, 
IiLtCUliiCllt l inbli slCd b\ 1NS.and 1

I II hiitit'i t sillis id M i,i git lic rts, irc s ill K4)rC.Il. 3 iot ihian 

i L I'SA Japan ("i a, OhIlers Total 

Sih 01-S 9)57 .187 0.3) 2)8 7089
 
ih 2(, 
 2 5 - 273
 

Iit 5 1174 057 381) 644 298 7 362
 

'Il dilI IMML ' m al 

licowe Ihis maize breeding program was initiated in 1959 with several synthetic varieties 
and double cross hybrids introduced from Nebraska Slate University in the USA. thcrc were 
i() Lceliec resilurces preserved. 
The codlection of 26 landraces was made through agrictllura.il extlension Organizalions by 

the (C*rop xplrinient Station in 1962 1Park 1962). Secondly, 242 accessions of' local 
,illectiiiims were mlade and major aronolilic characleristics were investiated (Park et al.
 
1971 1. 

I)r Ihonehio (hoe. pnrolesor of (niiunilain National Uni versity. made a valluable contribu
lion inLicllctlini local naiie landra.ces and evalated Va'ious characteristics, lie collected 
Q-18 eai sil.iple's thloughout thecoutlryL('Ihoe Ct a. 1978). 

Mlai/c breeders in the Crop Experillent Stltiolln nmdC a.ineffort to contiluously collect 
ccietic rIclurlice (f local landraces as well as cxi!ic inbred lines and ipenpollinated 

pOlpulations. The currCini number ill' total accessiois is shown in Table 4. Evaluation for 
uitili/atiol is uoim on I,ti the sovaheaii collections. 

Major achiieIeients in breeding ilor (liscase resislance 
S \w.\i\N \1()"\w(\ lio s 

As already nienlioned so\ ahcai mosaic virus is the most destructive virus disease in Korea 
aInd I shall inlrodic SoC i-Csutsol i tor lihreactions of tlhe differential cultivars tohIailed 

http:agrictllura.il
http:K4)rC.Il
http:k.(11lcc'lin.lL
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SMV strains, SMV screening, original genetic resource fOr the resistance and some con
siderations. 

TA BILE 4 Nrimber of accessions of maize genetic resources in Korea. 

(rm Ip Kowca USA Japan China Others Total 

ilcm.flint 28i19 823 5 7 556 5 210 
.%L9l 96 -- I - 97PIp 12ff 74  - 194Wax. 325 34 - I - 360()t rs 89  -
 - 89"otal 4 264 I 116 5 9 556 5 950 

Reactions /the t'ii/'er'ntialcultivarv to SM strains 
The SMV strains were classi tled into 7 in 1979 (Cho 1978; Cho and Chung 1986) and two 

more m utant strain s kere reported by Clio et al. (1983) (see Lee et al. 1985).
The reaction sv'ipthns mf the diferenltial cultivars to the strains are shown in Table 5.A mutant des ignatcd as (G511calseUd necrosis in I IWanggeumn-Kong cultivar and mosaics\iIplons inlatglbae'i-Ktng culivar which were immuiieI o othe.r SMV strains. Reaclions

of, soyabeal cultivars used as diilfercntitls catsed by the multant strain (511 were similar to 
those caused by (G5.

Another mutallt de>ilnatd ias( 3A caused ottlv mosaic sviptons in Marshall, Ogden ald.tall-baeu-Kong cuititivars. RcactioII in other culiVals caused by (W3A were similar to those 
caused by ( 13. 

SM V strain (i5 o( l511 i reported as the most prevalent through mid to northern parls of 
the coUttir' (('ho and ( 'hung 1986). 

TIB I. 5 Rreactlion iilf(ifllerenlia ltculii ars Io SNI V strains. 

Synnptons to SMV strains 
(ullivars (I (12 G3 3A G4 G5 (511 G6 G7 

Rattmpage. (lik. SuwoII 120 M M M M M M MM MDavis. York - - - N M M M MMarshall - N N M -  - N NOdCIen - - N M -  - - NJangkteg - Kong - - - M  -Itllann gluit - Kong 
- M 

- - - - N - -Ki amngks'yo - - N N N Nltiffalo, 1.78-434 .N 

= symptomless, M = mosaic. N = necrotic 

Screenin (f l('eedin, nuaterialsfr resistance 
Since severe necrotic symptoms occurred in 1974 in Kwangkyo cultivar which had been

developed in 1969 with other cultivars resistant to mosaic symptoms, field screening for the
resistance was initiated with 373 preserved genetic resources in natural field infection. Ninevarieties were svmpzomless both to mosaic and necrotic SMV, and those were thereafter used 
as resistant gene source fr hybriditalion breeding. The nine varieties are Patten, Ohdu, 
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ILcckamnk an. 2,Pl 88300, PI191040, 1I2110 84751, PI 80737 and K IS 628-1.
lh01c Variie tshmowing both n osaic and necrotic SMV resi:tance have poor grain char

alceristics: black or tro%, I seed coat colour w ith darkened hiluin, simaIl and flat seed shape, 

celreilws Ior SIM resistance have been contined to the present. hi1979 and 1980 a
sClic" tCxpCirircilts to Cstablish a reliable indoor screening for the SMV were conducted 

irhC (Cropl Ixperirueot Stat ion. WavnC cillivar appCired to he al0ood inoCnLuht source of
necrotic S NI \' sirain proplatroni since Wayne cLtiv a Prirodticed only i osai c symptom and 
cx,,cllenl trarsluissin t0 wther ivwanky'o) when inocltlcd with the tissuet-ested ctihivar., (K 
sarp ol Waync plan,, (('hoc ct a. 1978).

The other fiheld crCeell eiclhods wrCrc compared to pirovide better evaluation for the 
nrecrotic S1V from1111982 to 1985. Willianis cultivar show,irig mosaic sy,+nlptOnls was used its
spreiadcr (propagat ionali host) . leirln iroctilied with (i 15. In 192 the inocltted spreader
irrClltod cave rCesuttlls si5ilar ilttral infeclion ill average irlcctlioll rate olsusceptible lines,
bit in SMV-N susccpiblc cultivar Kwangkyo infection rill Of inoculated spreader method 
v,as,, tw\ ice natural. And in 1983 tlhe inoculatcd spreader method showed a big difference froti 
nllltlrai illfcctioi. 

Veit' ge/cic' resroure, re'.sisl'mt.oS/I'h , /V ai/.lsThe reslIts obtained from tire recent screening for resistance to SMV stralls itrdicate that 

there has been a great advance since the resistance breeding lor SMV was initiated ini 1974 
with tire hybridization with tire resislant genetic resources which had apoor grain quality. The
restIlls of 'ecent screening fIor the resistance to SMV strains of various breeding lines and 
ot her miaterials are shown in Table 6. 

lBLE 6 Inhoor inoculated screenings for SNIV resistance of various breeding lines in recent years 
It'rop I.\p. Sin. Siuon: 1984-86). 

Breeding materials 
'tcir OYT' PYT AYT RYT Others Total 

198.1 Tested 
Selected" ' 

194 
19( 1WC 

48 
1(2) 

15 
2(13) 

-

-

105 
2(2) 

362 
24(7) 

1985 Tested 
Selected 

106 
11(1) 

30 
3(10) 

12 
2(17) 

II 
1(9) 

195 
12(6) 

354 
30(8) 

1980 Tested 92 36 12 12 162 314 
Selected 13(14) 11(31) 2(17) 2(17) 14(9) 14(13) 

()YT = olwrvational yield trial; PYT= preliminary yield trial; AYT = advanced yield trial; RYT = Regional 
yield trial. 
S lecin was made for the lines restnlled resistarce both to mosaic and necrotic SMV. 
'ercentage of lines selected in parenthiesis. 

BLACK S'RFAKFD DWARF VIRUS IN MAIZE 
Screenting methodsv 

Since 1979 the screening for BSDV resistance has been carried out in the field at Taegu
where tile nalural inlections are the most severe in the country. However about once in three 
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years very light inf'ctions occurred and thc screenings were not accurate. Ihence, ai indoor 
artificial Inoculation ethod was developed by the virologist collaboratilie with nlai,, 
breeders. 

I'he vector insect, small hrown tla illopper (I'u deIphavsrIIIel/u.s ) call he multipied in 
tlie cagee whe rice seedlings aicegr( vi as host plant. Muliiplied planthoippers can albsorb 
BSI)V in another caC ,hcre BSI)V inlfcled rice plants arc grown. ISI)V infected 
planthoppers are then released into a nlet tuinel for inoculation of the uaize seedlings. 

I /lili-illio, o/ i('g /'.lic re't ()i1 es 

Since IBSl)V was found in 1977 as tdestructive virus disease in maize production in the 
ct+Iral aflnd sotLhr plain rIea.,cotiilutlotls sc1reenLSines for tlhe resistance have becen carried 
otl1 with vatrios gCenetic materials. In 1977,1193.1195 and ( ;a209 were selected as moderately 
resistant amn1tg thetexotic inbred l ilies..ald a single cross hybrid 'Kwamg-ok' (Suwe'on 29) 
whtich shio, cdlmoderate resistance to ISI)V was released to the iarmers from 1979 (Killi t 
al. 197(). And a three-v' Cross hybrid '.liljti-o" (K,,V ang-ok X Ga()9) which showed a 
little hieher resistance to ISl)V compared to lKwang-ok was rlcased to fiirmcers inl 1983 
(Park ct al. 1974). 

Nine accessions wcre selected inl the I979 scrcnini aiunoig the 17( local lhnes collected 
throughott the country. Those hiighly and \'ere derived from the ofwere resislant 0es 
BSI)V prevalence, and it was considered that Is l)V was e ide mic lOra long time in the areas 
a(l n1altiral selection has been contintiedl. 

A\coiparison ol'lhe resistance to I3SI)V made in 197( betwcen local and exotic lines is 
shown ill Figure I. 

Nampong-ok ((ia2O9 x KIIO), asingle cross hybrid wi ree'ased tLthefarier which 
show'd furtherhigloierresistance to ,SI)Vconmitared .lihl.iui-ok hyb~rid (Park etal. 1987).K1(I( 
is ill inhrcd line develolped f'rom a local collection selected inl 1979. lBut K(1.( has some 
del'ects in aoronomic eharacteristics Stlic'h a.sleaf hliglfit., Cill height, graini sitead lodging 
tolerance, etc. 

Several poptulalions has been under illprovemlent since 1983, being sib-pollinated with 
resistant sonurces of local collectlions, and the exo itsiources of" uoderate resistance antd othler 
igronmomic characteristics were iill)rovedtl. 'his illditales thal high ISI)V ie-siStiance can he 
selected iallnong the local collections, but they have to be imilproved in otlher agroloillic car
acter stics. 

201 
lAocz collections (44) 19 

*XM L'1Eotic lines~ (561 
14
13 


It) 

RR R NI S SS 

Fi( URI'. I A comparison ol resistance to iSD)V beleen local collections and exotic lines (1980). 
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CHAPTER 15 

The resistance of sorghumn to head smut and its inheritance 

(A() Rt'IIt.At. \WA,\N(G XI()I.IN(;. REN JIANItt:A .\NI) NAN ('I IEN;GII 

I lead smut I/'h,1'(/f/ u1 ,',iliant! (KIbhn) ('lint I is one ol the major diseases ol sorghm. 
The sCriosnes, of the tisCase is closely correlated \with resistance of varieties. As resistant 

ariCtics to0k the. place ol suscCpt ible Ones, hCd sMUit (lecreased rapidly. But, when varieties 
los resitulicc, it became "Crious acain. For tlis; reason. it is considered by researchers 
C,CrvA,, hercV that ertow\ine e'sistatl varieties is the main practical soltion for the control of 
this disCae I ia .inkai 1980(:1 In.lichemi, 1983 : lti (iu san !985). In order to find out nlew 
reistrait rc es[t aIthoretical basis f0, aintld provi resistance breeding programs, studies on 
the resisllcc to head siilt its inhCritanice %Acrecllrried ot It-l alld during ,98 1985. 

Materials an(d methods 

Smilc I 239 sorgtni1 c'riplasml resources \\Cre idelified drne the past five years. The 
test iwitcrials s crc planted in Ilte April or in earl' Nlia. li each experiment tuaterial was 
planted in two rows, each ro was 7.5 ili long and they \,,ereispacCL 33 cti apart. Fach row 
had 25 holes and each hole contained t, oplt. Sceds in each hole were covectd with 1()(g 
of, soil containing (.11 spore of heaid smut t ,'eh expcriiiinteia fungus race was 

cteol,._I from diseased ears ol JinZa No. 5 sorimi (l-iiyai county. Shanxi). When 
disease symptonis were fully expressed,lthe incidcncc of diseas oil the main stalks was 
.ilted. Resista.nt types were classified accordiig to the lfllo, ing standards: varieties 
\with 0-).51,; of diseased plants w.ere considered as highlyiesistuili 5.1 I I as resistant: 
I1. I--3().()/; Is susceptible and above 3'1 as highly uscCptibhle. 

On the basis of resistance idenlifi',cation. in 1984 ninc resloriig lines (Cg. Shalgtiiigsui)land 
eight male-sterile lines (eg. ('no I A) ,crc used in an iiii)ritance experiment with incotplete 
diallel cross design, from which 72 hybrid cominitions ,cre obtaincd. Ili 1985. FI of 72 
hybrid combinations and their parents wcrc planted ;tccordiiig to a raldilited block 
arrangeinent with three replicaliltis. The methods olplaiting anod iiioculatioii ,,C,,re the samne 
as that11 , as used as the resistlceused in resislancCe idenltificition. I Icllthv plant percentiage 
index ail arcsi ne transfornat ion of the perweital was carried oilt in the analysis Varia.nce.lge fol 
)u the basis of theoretical coulposition of each variance, gelotypic va,riance of coitbin ing 

abilitv and population heritability x,,recestimated acclrding to Model II (Ii I I.aifn 1984). 

Rem!lts and analysis 
IniIs N l i)i Ri.sisi..\N(i lM VAR. I.IS/I.tli.si:sIIilAI iNSoK IR 

()f the 1239 sorghum genriplasm resources used fOr identification, highly resistant 
varieties incliuded Shangtli esNi, Baibowang. Bairuatigaoliang, AiX624, AJAM42, 
ATX622. ATX623 and ATX624 (8 varieties, accounting for 0.61/ of the total). Resistant 
varieties amounting to 16 (I.317 ) were l)uansanchi, Zhuyeqing, Frhatiligjiao, Iledong. 
.angmeibagaioliarig. 4198. I)adadbo. Widalag. Xiizhougaoliaug. l)ahiange, Dadiargxi

aug. Zhergyansan. Baveling. I-rfanglan, Mugewo. and Poxiepian. The rest were susceptible 
or highly suIsceptille. I lead sliut tl" sorgluti in Chinaihas the phellenontIf physiological 
differentiation. The resistance ol' varieies menitioned above is relative in the light of' funguts 
races. Whenltili/ing these resistailt varieties. attenltiiln lust be paid to the c(inpositioll of' 
the l.ocal phvsiolouicil sriails (VI i Xi1lan 1082). 

r , A 
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l]l I I II('F() RI-s;IsIN\(-Ii 

I..vwv'siol o/ re.XiXt -C i..l[or/u]lll Ivrid (c1mbilation
Tab-,h I shil,, tli~it Ihere cxi it ,'o types of resistance hnlwrj tancc 1o diffecrent varieties 

(IrantIiIative illleritmcc and qnaIitaliwv inheritance. For earmple, ATXA624, A,TAM428, 
.,VIX022 and AlXN 2+4,,re cro,,Ncd kith ninc of their parcnis in P2 group, F:s alI)peared alli11hnmt1c, 11d (heir I'C",JSiIlt.C
,, COMI)lCICly d1011lliti.ll, p)ossessing2 (1 ililatiw inhleritan1ce 
cIIIracltcrijlc,., I. IiaIrItIs iI1P2 C)O' 111)crc crossed with ( 'uo IA. 3 197 A andIcIcas IhIIc 
,\,X 1(7. liIC rC',,Ii'A1CC 01'" u is ill lie middle of ltheir parents approximatinc :lhe value
of milpari"nts. I Ica;lhv plant pcrccmltucc ill flick hvrid combinalions showcd consecutive 
distriblitioii: ly)pcs Of rcsi-lancc alnd susceptibility could not be classified distinctively, it 
f)O'ss, sC'd Luanltalivc inheritance characicrislics. 

TALIE I IleallhY plan i percentage (.fl aWI P2 parnlls .111dF, hy)rid combinations. 

Pt ('uo IA 31t97A ATX31t97 A,TX624 A*TAM428 ATX622 ATX623 ATX624 
02.32 63.78 50.14 1(0 I(H) I(m I() 100t1'2 

Shangliiigsui
 
I(H) 87.74 89.40 78.22 1(W 
 I() I(W 100 I10
 

Wtidalaig 
92.8 82.74 80.30 69.84 1(W IW10 1(H) I(W I)

Ilai hewang

I(M 82.90 78.91 73.44 1(1W I(1 
 I(O 0() 100
 

Sh)at',.cqing
 
82.21 79.47 72.2(0 72.76 1(W I(1 
 IW(X) I(H) I(K)
 

Dlualisanchi 
80.26 77.90 74.01 71.02 1(W I() I1(H) 1(K) l{M

xin/.'cugaoliang 
87.15 74.68 75.48 65.28 11 I () I(H) I(N) I(H)


Iluariggaoliang
 
78.33 77.84 83.83 75.05 
 1(M I(H I(WIWI(M I(M) 


Xinlang
 
01.45 66.25 61.66 66.92 1(W I(W I(H) I() 100 

S;IIL'hiisal 
0-1.54 72.40 68.05 49.49 1(W 1(1 Ix) I(H) I(M 

Resistan,'e qI'dij/'erenlparents and hyhridcomihinationsand quanliti. ive inheritance 
As shown in Tables 2 and 3. the analysis of variance indicates significant difference in
 

resistance between varicties/lines and hybrid combinations belhoging to quantitative inhieri
lance. Tlerel're, resistant sources tor disease resislant breeding can ,escreened from
 
abIridan sorghum1 in germplasm rcsource lhrough idCnification of disease rcsistance, and 
disease resislance hybrids can be obtained by using these rcsistant sources. 

Re.sistance o 'varietics elonig to quantttitive inheritance an dditive v .'cl'ie
 
Table 4 shows Ihai Iie general combining ability of parclts' resistance was highly

significant. whilc their specific combining abilily exhibilcd no significant difTereice. Il
addilion, broad senise heritabilily and narrow sense herilabilily was 65.53'/ and 57.58/,, 
respectively; and the variance of' resisanl gencral combining abilily and that of specific
combining abilily was 95.14(7(, and 4.87'Z . rCspectively. This indicates that rcsislance of
Variclies /I iries beloniging 1o (lLiililaliveiiihieritlace was iaiily goveried by addi livC feCcCI 
genes. This resislancC can be fixed and stably inherited. F, may produce Iransgressive 

http:d1011lliti.ll
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sereation. In addilion, the elli ronielcnlal condit ions have also soie effect on resistance. 

Therefore, in the ploces of screening aind identifyinig resistant sources, not only should 
\pelrinlielilil coidiliois he strictly conltrolled, hul also repeated identifications should he 

Condl1(ticted. 

I 	 I1, FE2 V:arianecia lak ski oIais lhceparents. 

\' il 	 SuiltStlnl 

it'o'ii I). f. Of squares Mean square F value 

Vltlies 1 7172.9443 652.086 29.l5" 
Rtpli'CaiMiOII' 2 149.4316 74.72 3.34 
Filmr22 492.1668 22.37 

" SiCziN fin. 

IA Ill. 3 Variance analysis of hybrid combinalioi-s.
 

Valiance Suit]
 
I'MiUlcc D.f. of squares Mean square F value
 

RCplicatiulnS 2 44.013 22.010 1.19 
oilhiiliills 26 2373.225 91.28 4.94* 

I-r rO 52 961.31 18.49 

Signilicaull. 

TAIII.lE 4 Variance analysis of combining ability. 

Variance Sum Mean Model I Model If 
source D.f. olf squares square F value F value 

gl ) 
g(12) 

2 
8 

514.26 
149.70 

257.13 
187.13 

13.91 -
IO.12** 

11.37
8.27* 

St( 2) 16 361.92 22.62 1.22 1.22 
Error 52 961.30) 18.84 

Significani. 

Results arid disculSsion 

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

2. There are different ways of' inheriting resistance between varieties/lines. Sonic varieties 
express characteristics of qualitative inheritance, while some express characteristics of' 
quantitative inieritancc. '['he resistancec of varieties/lines belonging to quanlitaitive inheri
tanlce is mainly governed by additive effect genes. 

3. The conventional phytopathological methods have long been used f'or classifying types 
of resistance. This study adopted genetic methods to classify resistant types o' varieties. 

http:TAIII.lE
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Ireliminary results show Ilbt filial generations can he ohtained by icanii s)"I cerlain 
crosses and that experirents ol resistanc inheritance Call hie condlictcd oil (lie basis; of 
certain condilions of artificial inlculation wilh ol11\, oie race. Wlic rsisitncC present.ns 
quanliltaivC inheritancC it may be considered isnon-race-specific resistance (horizonillresislance): when resi,,tance lireeits qualitative inheritance, it may by considered as race
specific resistancce (vertical resistance) (Zen Shimai 1979).

4. In recent years, sonic rcsistant hybrids (e . Jinla-1 and .liriza 5) have lost their resistant
ability bc'Caus, of variationl lIltil haveof head fIllIs, an1d Itlrne~d int1o suscCliblc
varieties. Some scholars have ploirntd out1that iad SmuItll of sorliru 1like strli)e rLIt ill
wheat, low'dery iildcew of' w ua and blast of' rice has thc problemin of' losil resislance. 
They also think that ihc fl'uidaueial \wa, to niiake resistaice last for a lole tillicis to 
rationally uLtili/C
racC-SpCcilic isislance (vertical resistance), and to exploit and utilite 
ilon-race- specific resistance (horizontal resistance) (ZeI- Slhiiai 1985). This study f'ori
the first ine show,s that resistaince of sorghtilil] to head siUt is Controlled by two kinds of' 
gene types. major and ilil or ones, respectively, while it has provided a theoretical basis 
lfor rationallv ultilizin,, Ihese two kinds of resistance. 

5. Production pracicte has Shown lull hybrids made rorn .3 97A almostwere immune to 
head simul. Ilowever,wilh the variation olfhead snut Iungus, Ihe', gradually have lost their 
resistance and tlurned inlo susccl)lible varielies. This indicates tha 31 97A possessed race
specific resistance to the original ratc ot funliIS. Ilowever, inthis experilcnt 31 97Aexhibited characteristics of'quarnlitaiive inheritainCC. It wsas because oftlic variation of'thC 
fLigtl, tilal tileinaor genie o1'3197A had not resisted to infection oflthc new race, while
 
ieceft of
nino gicn swas not strong enough toovercome the toxicity oflthe new race, 
so the hybrids devcloped by 3 197A crossing with susceptible varietics allappeared 
suscCptible. 

Rcerennces 
Ia iiii 11I 0)) Jili,A.j'rh w'ra .c'jcnc', 2.62-65. 
IIt Jictcng t1983.3) ion, 2,9.Plai Iroti, 
Iu (iliean itHl595)W ,'ld A,'ri'utur',9, 33. 
iiulailu ( 1984 ('rop Quantitative ('netics. Agricullural Publis hing House, pp. 250-262. 

\\it Xinlan 1I1982) Ata I'lhytpa/hticia Sinica, t,13-17. 
/cm-, Shinai (1979) Ph/A,, riection, 3,34-38. 
/eng Shinmai t1985) Wo',rld Agri'culture, 7. 34-38. 
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Genetic resources utilization in barley breeding in Japan 

IM1R).ItI SASAKI 

Sonic exatirples Of new cultivars ol wieat and barley that hive played an important part will 
he introduced first. One is the wheat Cult ivar Ciih11ok i-koitingi released in 19X I.InIiokkaido, 
inthe north of .Japan, the area planted with wheat has increased tenifold in the past I0years.
I ritl then I loroshiri-kolnugi and Taktne-konrugi released in1984 had heen grown there. 
,\IthtU(7gh tlie tw) ct tI xars accotited ftor iore than 40(,)i olt liewheat planted area. Ihey wele 
riot of good quality for making Japanese noodles. owin 1,1liesemi-hard properties of the 
flour, hut not suitable totr hread. As the planted area of these 'ullivars has ilcrCased, sO has 
the dcmand tor improved quality by processors and twmcr',. Just ii tinre., a new cutllivar, 
('hihoku-konmgi, of good quality was released and it hcc:!m, anl effective replaceinerit. 

The second is tire new 2-rowed malting harley cittivar. Misato Golden. Since 1980,harley 
\Clow niosic virus (B3YMV) spread to IKanto and Kyusyu. irain cultivation districts of 2
rmed harItley. Cultivation ofi2-rowed harley with non-resistance hecanie imptssillIe in 
Contamitraed fields. The first resistant cuitivar to 13YMV as malling harley. Misato Golden, 
x,as released Iy 'l'ochrioi Prefectural Agricttirural Experiment Station. Cultivation is now
 
posihle ill tie con tairi in ated area. AfIter release ol the two cultivars tire seeds were distri buted 
ito the 'arirncrs as rapidly as possible. 

Barley cultivation il.japaln
 
InLapan lilrii
is a eneral term that refers to wheat and barley; wheat iscalled 'kotiugi
 

xxhil harley is oruei'. Wheat and barley have been major crops afiter rice. Until about 1920,
 
harixlc\
xas 
roxxr%Irore titan wheat because itwas an important staple food supplementing
rice. 

The planted area of'harley which amounted to about 1.3 million hectares in tlie 19 1Os 
decreased tio(.75 million inthe 1930s. During the 1950s and tile 1960s the area decreased 
ConsiIerahIv ieuc 1o inticrteased rice production, lack of profitability to the farmers, and tire 
large luantity of' harley imported at low prices. In the 1980s tile policy to reduce rice 
productionitogether with tire subsidizat ion of wheat and barley cutiiivation stimiulated barley 
productin: consequerilly lie planted area of 2-rowed iralting barley ard 6-rowed covered 
harley has increased slightly. 

Barley is classified inJapan into 3 categories. 6-rowed covered, 6-rowed naked and 2
roxxed covered harley. Six-rowed covered and naked barleys have heen used for human or 
ani alI'red. "''xo-rowed harley is mostly used for mailing. The five years average yield per
iectare is. at preset. ahout 3.0-3.4 ton. Although tile national average yield has been 
increasirg graiduallx. it is still about 1.5 torn lowr tlharr inEuropean cOLirtries. The relatively 
lox level if yield may he ascribed to various fIactors such as tile double cropping system 
vhich restricts tire growing period availab le fOr barley, intile middle aid western part of' 
tile cout rtry, where ahoil 8W(o'fharley is grown indrained paddy tieIds, ciltiva!ion Urnder 
hteavy srto)x inthe region lacing the Japan Sea aid high precilpitation aid temperature at 
harvex lime in areas.remay 


For example, tile clinratic conditions of tihe London 
area in tire United Kingdom are 
relatively rrild tlirouglout tie year conrpared with those prevailinig in tire Mito. Takada and 
Takarmratsu areas. Monthly rirearn teiperatures, firon April to Novenmber in the London area 
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a1e lower than ill tile above three areas, arid [Ie pr.cipitation railn ges tlOfii I ,uillter to a1haltI 
o1 thosc areas. In addilioi, snowfall at 'lakada in winter is very he.avv and harley lies under 
the stio,, fI r ir011I Ioto liirIilI r ,Io\k in Ibarley. 'Tlieo four IIoIths. SuhCtondiions are 
mai ditlricf liC e c0u Ilivation ol-owted covCre'd Iarley arc' oliokti I lokuriki and IKanto. 
for -ro,,,e naked barley. Shikoku _ itd fIor 2-roy, 'd iIalting larIc\,. KanIii and K usvu. ( )ily 
in I lokkaidO I"spin.i bale', ,e-Io , If htl mall. BIarle\ ctil titl ill ; ic'c'tOIII:SLipari currc'lyV 
for 22 1)1)1). I) 4((and 79 6(0(1 ha inlt case of-rowd cteretl. raked and 2-vowedIIrowe,,d 
covelrld harley, respectivclI . Covered arid naked arlcvs displa. a distiictlv separatc 
diStrihution with covered harley heing grown ill the castern parl. and naked barley in the 
weslern Irl ol"hapan. The difTerence in winier harliness hetwec the type.s", is coiisiduercd to 
he the main reason for this. lomestic production ol harley has reached 39 )00()tol whilst 
tile amount of imported barley is 2 284 00) iol, t self-stfi'iciency ratio of 10 (/ . l)onestic 
barIhe.v is used for Iood (pearcd, inixed and cooked with rice), tea. imIlt. Iced and seed. 

I)evelopment of Ibarley breedingl 
In .apaii harley hree ding started il 1904, but was dliscoltinued in 1932. Ii 1941 systematic 

hredirie of 6-rowcd barlev was resumed at16 lref'ectural Agricultural Fixperiment Stations. 
I nlil I954 the hreeding oi' 2-rowcd inalting barley had been conducted olnly by Private 

hrewilg copllpali s. Since I''ii several designti ed Prefectural Agricultural E~xperinierit 
Staliois 'ully suhsidi/Cd hy the National Government hav initiated breeding work oli 
italtinig ba.rley'. 

At present hulled barley breeditng is carrieti out at three National Agricultural E'xpe'rinleit 
Stalitons, and tie Nagano Prelectural Agricultural Experiment Station. Naked harley hrced
in is conducted at the Shikoku National Agricultural lFxperiirn Station. Two-rowed 
malting harley breeding iscarried out tilehIwo Prefectural Agricultural ExperimIfnlt Slatiolns 
ofl Tochigi and Ftknokr as Inational protiect, and al the Kitanli Pref'ectural Agricultural
IFxperitieit Station, and by four brewing coipainies naeiely K rin. Sapto. Asahi ard 

Siilltory (Fiure I ). There are also several supporling laboratories responsihle for wheatl aid 
barle\ ger iplasii, breeding methods, and irialting quality ilirprovetneitl and testing ilI the 
national breeding progra.. In additioni, 14 testing statiotis for specific characters have been 
established to determinte selection indices "orresistatlce to cold weather aid snow, tr to 
several diseases incliding harley yellow inosaic virus, lowdcry mildew, snow iiould, aind 
scah. Eleven P~refectlurail Agricultural Fxperimcnt Stations have ieendesignated to conductl 
local adaptablility tests. 

MATiRITY 01rlTIiBRI-iItlNu VR FImARI.Y ANI) S()RTIENIN(IG ('ICIM 

li .apan harley is sown il atitunin, except ill ]lokkaido. as the second crop itn rotation with 
rice or- sumiitner upland crop. Consequently, tile interval betwecr harvesting harley aind the 
transplanting or sowing o tlhe succeeding crops is very short, which ilakes tle double 
cropping systen iniipossible in tile nirtIerln part of the Ctounltry. Inatddition, the harvcst period 
Ii r harley teids to 1f I il tlie rainy season whenlilet icrop illillUres late. For thiese reasonsis it is 
essential to breed entli'ars tIhal mature i carly as poss..i ble. Ilt lle case o"6-riowetl cove red 
harley in tile Kanto dislricl, tall aid] late iaturing. nortmial types of barley had [en grown. 
IIo\%ever. lide to tlile devye iople i t arid increased a ppliica.lion ol'cihenmical fertilizers, thy hiave 
heen replaced by lhe se ni-dwarl uzu type ol' cultivar which is early maturin and shorter, 
without any reduction ill ,idding potential (Table I ). As the breeding ob'ject had hen 
directedtoward earliness and shorteiing o"lthe culin, successful results were also obtailed 
for ialltiiu harley. "he heading date has been advanced by 14 days and the cil In lrith was 
shortened hy 35 ciii. 
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Kitanil Pret. 

Toh)"oku Nat. 

\ 
 Kirin Brew.
 

f-Suntory Brew. 

Nat. Agr. Res. Cent. 

'ochigi l'ret. 

Sapporo Brew. 

Nagano Pref. 

ShikokU Nat. 
. Kyusht N1 .S(ikkNat.Fukuoka PretI. 

FIGURE I lreeding stations for barley in Japan. 

TABL!.E I Progress made in the breeding of 6-rowed covered barley. 

Year of Name of (uhn lengih Maturity Grain yield (i/ha) 
relcas cutivar (cm) dale Standard Drill 

Local var. 'ora-no-o 101 June 4 - 
1914 Sekitori-sai I 80 May 310 4.4 6.0 
1903 Dorini-inugi 70 May 29 5.0 7.0 
I90) Kashima-mugi 75 May 25 4.7 7.0 
1976 Katori-rnugi 7(1 May 28 5.0 7.5 
1970 layami-oniugi 72 May 25 4.8 7.3 

{Noni;ka 1979) 
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Bio'iI)i,(;i i(w s R\\V IIISmI 
III order to b!reed cultiVarslresistant to lodgiing, two approaches can he cons:dered: 

shoteIle of enlh, len th and ofIIrII,:I uhnI stiflIess. Since he cunI lengthIoI' 6-rowed 
.utivar had beeii reduIced to sonin exIl.cII, fiiher eflorls were made It strciiglien the cIiln 
'AllicL is more fraC'ilc alniatit\ Ihan that of, \.\ heat or 2-rowed barley. As breedin iaterial 

lrstra, stilfnss le- i ha,, hcCn Ctni\el used. Several Cullivari., h)0th in).lapllaMid Korea have bccin hrd ltrolI IlaIiell,.- IIIitli Crosse.s. I Iiane-tIIu-i d isj)hVs a hieavier cHnIII,
i thicker enli wi;ll, a hirer cuiliii htmli r anlld stroiutr resis+,tanlce 10 cuhn hireaking
Ctmlpared \\ itlh the rcplreeitati CnI)t.cy Sekitori-sai I (lable 2). 

'1 11,JF 2 ('omp'iarion (it' characters rtlting t4 lodging. 

)r, t lit t%I r Thickne,, ('UIh Bending moment of 
iL'tilICII ltI 111 t, attll dialnm iter CLiin Ii breaking 

nIrwom (rai) (m) (g.cm) 

Ih n 'a llc I u g i 18 1I. 0 5 .60 1 1I0
 
-klt1ri-,,rii 
 13 0.86 4.54 431 

I0 Sh/tiki and I 4dagim a t1966) 

BRIlitIN FOR RISISTANCI. TO BYMV
 
To control barley yellow mosaic vhi:-, 
 which had caused serious (lanlage to 2-rowed

barlev, the first resistant selections bred from Mokusekko 3 at the "lochigi Prelctnral 
Ag riClnILnra! hxperilent Staltion were crossed with lines with a high malting qualily. As a
reseil. 1any cutltivars and parental lines have been hred froni iherce (Figure 2). Another
rei'stant cultivar was released from Fukuoka Prelectoral Agricultural lx periient Station in 
I980. Because nml1ting barley breeding groups have made exlensivC tnsc of the Moktusekko
3 !ente, most of the currently promising lines are resistant to BYNIV. (On tIle other hand,
I lgale-rIllgi. lemliioneud bove as a source of straw stiflnes,:, was bniiid to haviic anollcr

resistance gene to BYMV. KytishtU National Agriculturll lFsperitiieit Stalion rCleased the

first BYMV resistant 2- rowed non-malting barley cultivar IshukLishirau ill 1981. In the 6
lroiwed harley hrcedino program tile mutation line Ea 52 has 
 CCn used and promising lines

hI v heell bied firolll it. As a restiult of coope ralion withIIthe virus resarichi section, iie w

information is being obtained on race differeitiation, and eflorts will have to lbe made to
 
intIo dice further resistance genes in future breeding programs.
 

lii II)1\(; t( n ' ITY 

In 6-rowed barley breeding programs quality selection has been undertakeni fOr yield of 
pearled grain, pearling time and whiteness of pearled grains using a test pearler. On the olicrha1d, the uLitritiOlid quality of naked barley has been improved and several promising lines
bred at the Sbhikoku National AgricUtllil Experiment Station. I lowever it remains difficult 
tocotubine the high whiteness of pearled grain with high nutritional quality. Intualling harley
breedig programs priority has been given to Itality selection. Recently high lili 
cultivars such as Amagi Nijo, and Ilarutna Nijo have been released as a result of exte nsive
work on cLial ity selection. As shown in Table 3. considerable progress has been made in 
maltlig qual ity improvemernt. 



129 (6;-NFI'RFS)UR(')-.S ILIZATION IN BARLEY BREEDING 

Nan-kei B 5063 • 

.SCllI I- .. . I Nan-keiR 1292, 

'hugoku Nijo I ] Nan-Kei R 1503 
()ai,cn Goldl - (Saikai kawa 31) 

K iuuuo N ijo2 .. .. 
Scijo 17 j ...... .. . . ..... K anto N ijo 19 

-- Nan-kei 1346118 

Is _Tochi-kei 85N15Stoit) ] .. .. . . . . . . .. . . .K anto N ijo 12 

(Satiuki Nij) (Miho Golden) Tochi-kei 140 * 
I-_ Tochi-k i 143.* 

[Mt;kiisckko;-ij-

II-- Nan-kei B 4641 * - lTochi-kei 141 , 

Nan-kei B 513(0 * Misato Golden •
S - Tochi-kei 92 * Nitta Nijo I 

Kanto Nijo 3 . - Nan-kci B 651 1 (Haruna Nijo) -- 1J----Nisino Gold. 

N-;ku~kl-o, - __--_ Mikamo Golden * 

I- (Kanto Nijo 23) 

YAku- kei 5I 
.,/mod Golden Nan-kei B 5150. 

I'llG 'RE 2 IIYMV resistant cultivars and lines using Mokusekko 3 as the gene source. 

FA1IE 3 Improvement of malting quality. 

Year of Malt 
(ujlllvzt7 release extract (%) 

"oclui~ ( ;olden Melon 1915 78.2 
Ilakilta 2 1935 78;.0
Shmsel 
 1953 77.4 
Scijo 17 1964 78.3
Saistuki Nujo 1964 80.6 
Ncv, (hden 1965 78.0
AIuIMa ( ;olde 1971 78.3
Niiho (;olden 1975 79.2 
ull Nijo II 1975 80.7

Amagi Nijo 1978 80.4 
Ilaruna Ntjo 1979 82.4 
l'.uyuranu 1984 81.4 
Mj,,ato Golden 1985 80.4 
Nirasaki Nijo 1985 83.0 
Satukiharc 1985 83.4 
Nisino (;old 1986 -

Mikamro (;olden 1987 

('ochigi 1984) 
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I tilation ol'genetic resources 
. ill tIrc 19.5) ,, local cIltivars or pure line selectiofns accouInted for most o1" the barleys

r,',n. I ,er c. iplc,. tie ti/ticull i\ ars oflthe Sekitori gorLipf'r 6-rowed covered barley, theti/i cull i\ar Akitsimiki olor,-rox.d fraked barley, and the normal type Golden Melon 
Iriltodtu'ced Iw(lil ahlbold iit 10)() yrCt I \I,,
Cll as agrol) of" pure lin ,selections " 2IO\,Ced iriltine, bill, 11 first 6 se,,,dcov.red Nor-i0 cltivar Satsuki-rrirri dc's )lcdby
c0r,11 breC'irIlrL, \ t,r in I)5sdcr, .the lirsl (i-rowmednaked cultivar Noriri I was released
ill I'h). ald ()\ c. th1k tibe -I()csubequnt e"s i ltriher 2X ctilli\val liae keri releasetl [or _

d bi l th. 

h\ I I ctilis ir, \ er 

o e,, ire irs, Noriri culIti,, New, ( odeCr was. rlsce.'d ill 1(r1 arid Ireri folhrwed 

l the stbsecieu(i i 3t errs. Al p[ivalc hr\, i, companies cross breeding
slilted car ir Ire I)(),,arid I lau t 2 \.as released ii I035. Since then IrrriI ni.ltivars have 
beel dex\eClopCd ivcTss bIeedillltid irrllalllri bcedimie.As\'Tociui lh'rfcl ural Ag\ricn IIriru 
 Ispl\lcrirrerl Stalilin had conduicte'd lhreevatluatirr willh
 
imore tla li)f)(fctltivarsa llir ,Itim
oi -row cud tltiii barley bi-euiiqu2 work (hroll 1954),

r11,r Ie .trelorces,
met liiii\( eeen usc'd Iosci lhiCesc.\ llcgene sources for I flew

reeudire . i,.,ltihc klresorce, vl ich iNVed atliIrInOrlrilt lxiI iii croisses oi 
Norir culivrrs wcrc fcy,aid Zihiroit ill \',re laiiUrese local crllivirs or horse ilroduiced ill
f()rre da+ys. This mN, be isnbd to 1ire fact t nliriIririlocal or old cillivars ard lirne, bred

hort1 lIhCerhivc pila, i ll adlptiali 1 ,,rioris condiioii if)Jilpar, aid imally o)lietr
eCd it 

'tLll
ivars have dolne lt"iMPirpros i ol"peci fM ciraracr as stch apireirtal hire. I rrltil I983,


lire g'rIlplasrm laboralrr, 
 l c lecled 6 ()(f()

cunlivars. These collec'itins iideuludd 


of \shat aid blarly ali: wvhreal arid 5100 barlcy
lie brcudi lincs aid Norii ctllivars dontreud by each

bIreeu'ur1ng sectirll. arid Adl(1crtllivIi, r.i;u ie . reallt a 

[riverily and K'oto I iiivrsi",N+\ ;.r,!loene of l yrliV, is to Ileplublished.
 

wiid species of s,', baric by ( )kayanila 
. I()()cullivar, 

'lre datl will conripare culi\ a Is relard 0VeCslua 

tleid tirwards ,ar y Iltriill\ i.ilirt ciurri ins result se, s 


oflI"i lise origin. ('uillyiv fJ pl. tincmoii 
toh reluile l ithlirh ratio o1 Jztur 

typls and selectrion rir" 33). 
li 1983. 1lw MAL L'|i Biil, l'rOjcCl slam l'd. Ithas crliild 10 CoIIleI, eVihlale. Mid

distribute tire gelt remC)ui ,cs,. Al pc",eilt. Il colliecliiiis of wireal arld harley al tle (ire 
,
Bank Center allrrlnrll to 2(0)))) ard I 10 respeclively.


Over ltur y'ears about . 50f0, 0f )
i,arnd 3-li) clliills were ires liga loo primiary
evaluation, pu\k de riilti.\, scal a ind YMV, rcnpc'lively (lable 4). 

TA1,l E 4 Iiiai io "lhntun ,aritfies., tiitiarsar Inhrtding lines l (ent Bank Project 1198.-86 ). 

Pi'rilirv il:Wiiiioii I'ovdc ,
12 chirai'ers) ililde\% Sc'ab BYMV 

hiiOdci'ivMrt I 500 8XI 104 
i0 itmedl iiikeud 5(00 40 150

2 ris.c'l harlk I 51M) 2(i0 340 

There are isyet mrany uninvestigated cultiv.,rs and more practical characters to be
iv.lalted (secondary evaluation, Table 5), and lhe catalogue is to be published. 

Iell'erences 
hiiiiT.<1987) Nog,,v'o Gi; i]"+,4"),)It3 1 . (inJaparies.t.) 
Noiaka. S. 11979) Alit,Ino hali7kUkiU (Ijiusii. EId. S. Nonaka. 5. tunin Kyikai. 'tokyo.(liJapanese.))da. K.. Stiiiki. NI. and Ihlagawa, T. (t966) Varieal analysis of physical characters illwlieai and barley plaillrelailiiru iohodging and lodging ridex. Bull. Nat ltz. Air.'r c. , rr/.e+j' Japanlstilinmirs I). 10. 55-91. (Irl ese wih i lglijli 

.
 
toctiigi IBrarich Sa.1i985) 7Thigi Pre. Agr. t'.%p. 1984 Nija Onnigi Ikushii shiken Seisekistiri. 18 -23. (IIn

Jalpalile '.) 
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(Nol il %arim ix 

151) 2 ROWED MA!IIN(; BARI!EY 

30(
 
6 ROWE) 
 NAKEI) BIARLI.N 

25) 

2(10 

IS)) 

51_ 

1590 6ROWEDCOVEREDI1ARI.EY 

300) 
: Japan 

25o) 
U Overseas 

2MX 

- - l l II S)) Iri 

14 17 21 2 2'6 2) 7 I 1 1 16 1') 22 

MIaN, Jil 
Nidntil its dlii 

FI;I;RE 3 Comparison of maturity for barlevs oflapanese and overseas origin. 

TABLE 5 Characters invesligated by Gene Bank Projxct. 

limiarv evaluation Secondary evalulation' 

I. ( rth habit I. Rust resistance 
2. 'iu or normal tyIIe 2. Mildew resistance 
3. (01hI1 leigtih 3. Scab resistance 
4. Far length 4. Resistance to snow injury 
5. Numfer )I rowss of spike 5. Cold tolerance 
h. Avs nness 6. Yellow mosaic resistance 
7. (Gluuiecolour 7. Green nmsaic resistance 
8. (train si/c "8. Lodging resistance 
'). (6raincolour (only uaked) 11). Resistance to pre-harvest sprouting 
1(. I)istiiion of naked or covered '1 I Protein content 
II. Ileading stage tl I. Yield and related characteristics 
12. Milurity stage t'I 2. Quality and related characteristics 

The manual is tbing prepared.
 
Not tested.
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CHAPFER 17 

Rice breeding for cold and blast resistance
 
InYunnan Province, China
 

IIIi)RIM F, W.\NG Y()N(-11()[ A. JIAN( ZIlINONG, T. III(;ASIII, 

\\,\N(;Ili \tYI. K. NIORIYA ANI)T. KUJNIIIIR() 

Thc Tropcal Agriculture Research Center of Japan and Yunnan Academy of Agriculture 
S ic ( )f ( "hin have restudied fundamental research programs of the joint research project 
on rice breedincm'once everv three years. '[hc firstand the se,.ond period programs conducted 
loml 19,'3 to 19,87 covered threeC major subjects. 

Ii|-st
the 1u)1rloeC \\as to breed new varieties havino cold and blast resistance, and good 
ctapacit\ CCn in hih ltitude- areas in Yunnan. Second, to test cold resistance and the 
uitili/ation in breeding I ,enetic rcsotirces provided by Japan and China. Third, to test blast 
rcsimalwc arld guncetical anlmysi of tihe enietic reSourCes. The following gives an outline of 
he1C ObLiICd so far.f_",silt', 


Breedirig new arieties having cold and blast resistance, and high yield 
I. he prolhm was taken chargC of by a b)reeding work groLi). The research, concerned ( I) 

breliiic neV variCtics for eol and blast resistance. (2)raising yield and quality for the 
adiltde /one in Ytiilllail. (3) selecting intermediate pairents on ilportant charateristics, 
.4ac.'cu atinc cenes Ofn cold and blast resistance and high yield, and (5) studying ai 
ctt pe of rice. 
T.
The object of a Japan and China joint breeding project is to raise new varieties of' an 
intcrnediate type hetween the Japllese and ('hinese varieties. Plant type features, e.g. 
culm lentgth. tl' ntunber olpanicles and grains ola panicle, should have several varieties 
according to eaLIh area. The main object is to finid varieties having cold and blastnew 
reSistaitce. large sink si/e, good ripeniig ablility, and a high yield and good quality. 
Recently. cultivaition of internCdiate-type varieties such as Sinan-175, Yunyi-I -hao, 
l)iaiiy- I -hao.and Chunalitc-3-hao is becoming prevalent in Yunnan. These varieties 
show better qualities than those of Yunnan-type varieties. lowever. cold and blast 
resistance, and lodging resistance are not good enrough. 

3. 	 Crossing of Japanese and ('hinese varieties in ihis project began in 1983. The most
advanced generation of the material reachc., F,,as of this year. able I shows tie yield 

ratio results of a performance test for recotieidilable varieties COidcticed at thirteen 
places in Y"tunnan province 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 netres, and also 
comparatively good in areas at over 1900 ictres when the lilies had rather cold resistance. 
These lines featured a little earlier inaturi rig, culm length ranging from short to middle, 
good ripening. high yield, and good quality ointhe whole. ('old resistance ranged from 
middle to middle-stroig. Blast resistance was also good onl the whole. I lowever, testing 
-wasnot perfectly executed. 

4. 	 It is difficult to tell whether elite lies can be raised or not by crossing Japanese and 
Yunnan varieties. I lowever, after studying characteristics obtained in F1 and F, genera
tions of.1hapanesc aiid Chinese crossings, we foLinld that there were many characteristics 
featuring either hybrid vigours or weakness ill headillg date. cnliii length, grain size, etc. 
inl F, generations. Some individuals exceeded their parents possibly resulting in higher 
yield capacity in F,generation. We feel that Ynnan and Japanese varieties possibly 
belong to the same .laponica type. so cross compatibility is high. But genetic backgrounds 

.- ; " .
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TABLE I Yield ratios or growing lines compared with standard variet. Yungeng 136. 

IPlace anld height (m) ali )m s.ea Il\¢1 

Name (lines 
and %irlctN 

A 

1580 

B 

1053 

C 

1745 

I) 

1774 184) 

[:F 

18)) 

G 

19)6 I 

If I 

990 ) 120 

J K 

11)(M)1916 

I. 

2(4O 

Average 

Hlem, I ha,) 
Ilcxi 2hao 
IcL'\i 3 ha 
Ilci .4hao 
IIci SIao 
If'\l 6him 
IIc\i 7hao 
IIc\I S ho 
IIc\I 9 haln) 
iSI "ungng 130) 
(C) N'uulrgcng 9)hao 
(Si Yungcng 13) 

103 
117 
123 
107 
114 
9(0 

137 
120 
123 

I (X) 
()1 

63.8 

112 126 
113 133 
III 112 

91 129 
119 142 
114 128 
112 109 
II1 135 
I( 142 

I1W) (I( 
107 66 

67.3 62.4 

108 8s I2, 90 6 690) 113 117 8l 
11I 115 1IQ 95 97 t54 110 110 05 
115 1N 112 8) 97 61 96 1117 78 
1211 95 I( 56 48 1)9 126 101) 85 
1Ho 122 90 87 87 1() 112 85 75 
122 90 1)5 87 114 51) 94 94 75 
126 116 12(1 9 115 6) 78 94 70 
12 113 117 83 81 113 901 8x 79 
128 II0 87 p) 102 141 92 86 103 

)) I00)) (18 (10H O )(1 00) (I181) 1001 (100)) (100)
88 73 144 93 9(6 10)9 1019 97 IIf) 

64.04 56.8 12. 72.6 76.') 18.9 59.2 69.2 43.2 

1114 
116 
114 
9) 

1I06, 
95 

11)5 
I(1
113 
)) 
()-I 

(old %.%caherd alg. . c% cr inl IhilOlng ld W ildilg. I (cxi 4 i;ToI ai ailltil litirillg ,.i 'l\. Thc[ as i rl Till lllll gt 

11Iaiiiag113p 	 /.auini g-tl,r,.'llaccs,lihc- bninlI( iia,.',.mhk'.ili itl~tillic,,l )graii vi,.'lI ikghla)()lltxiandard \aii~aricvy Yunen*Iiiigcig I36. n-.ag 8))' hlinkci lCS 	 aN1101 i~ i nle((glnr9rici \ lc a3.tjm(8' ir l ra) i aI..e. 

A: 	lhnnajice If: I -a, C:.iucuitng D:Ktingning I: I.nitag F:Aiming 
: Q ikLIi H l: zhatn)iugi J: Xi'llaig ing ,llllI1: ).l 2 K: Knm I.: 

tre different. So there iiWV Ie hybrid Vigour in the I" generation. On the other hand, in 
fhe F, generation allernative charateristics are conbined ill various cises ainld yield 
capacity tl ay increase. (F igurc I). 

5. 	Alonst tile Japanese varieties ised 5) fr. Todorokiwase. Toyonislhiki. Ilinienolnrochi 
have Siowli good parenital ft'ticMrs. A neio tile Yuntlnan \'aricties, Ytillgen 135 Jillhon-
I-hiao. 7(--- N. ind l)iainu- I-hiO can he ufnfled. These Japatiese varieties have agood 

i'Creptu i en N'Llnllll varictics, except l)ianvul-ao, are classil'ed aselC\ ill Japnil. 
Yunn.i1n- I\ pe having ultra lhiavy panicles, )lo11 cultus. an d bi" cars. It is elieved that 
these YtuFill \ ariCties haCe bcO g(l 'ielts, illter va'iriouS i'peNs of, individuals and 
lines wcre secgrca'.eltdMd c'reated. Wide vairiaioni has been illtrode(ed by CioSsiilgs With 
Japaniese varieties. 

6. 	 When YUini1i-upla)Unl rice wis used for the purpose of potlcing varicties having high 
blast resistaice. ma1111v lilnes having good plant i)ostlurC With high blast resistance were 
found in tile crossin.lines of ulpla;Ji rico 'ith Diall-ti-yu- I -lao. Race specificity of 
fungelus straiilll IILst borie ill bcaundtse"blist rCsistalnce of Yun;itnti-ut)lln(t rice ilay 
be iiiuiC1nncCd by a nllajor gcie. 

lesting col(d resistance, and use of' genetical resources for breeding rice having cold 
resistance 
1. 	hi this research by a cold resistance-work grolp items included (I) researching cold 

resistance olce ical resources provided by Japan and China, and of liaterials raised by 
the breeding work groutp, (2) selecting arid breding intermediate parents for cold 
resistanc (3) studying genetical analvsis and establishinig breeditig iliethods. aind (4) 
selecting standard varieties and establishinc testin rolethods of cold resistance. 

2. 	 About 500 samples provided by both China and Japan were tested to study cold resistance 
in several environmenital conditions such as natural cool weather condiliOl s. temnperature 
controlled conditions. and cool-water irrigated conditions Frotn 1983 to 1986. 
As a result, niaty Yunnal-nltive varieties showed more resistance thain Japanese ones 
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(eIrn lenglh 	 Pamiclelength Number ofpanicles 

!,	 wilnOW I I' P /I 
I I ,I 

Number of grin, 
(hain api,arance I(XX)gra h of thethi1ge't panicleeiht 

Pe	 I 

,a.l)J! JliJn "v.-I[ghi It'O, 11Ln 

FIGURE I 	 Examples of genetic features of individuals in Japanese and Chinese varieties crossing in F, 
generation (Toyonishiki / Gendiao 3ihao). P,:Toyonishiki P,:Gendiao 3 hao 

(Table 2). 	 Especially L.ijian-xintua -heigu, Kunming-xiao-baigu, Banjie-nan, and 
(andiao-3-hao showed tilehigh resistance at booting and flowering stage in natural cool 
conditions. Generally these varieties featured long culms, big ears, and ultra heavy 
panicles. Plant posture and grail) quality were interior to Japanese ones. Among Japanese 
varieties, (FuL ji)(hubo 42. Somewake, I layayuki, and Otori showed medium-strong 
resistance. I)eli/aoxian and Chuxian, indica varieties, showed nedium cold resistance. 

3. 	 It is ptossible that Japanese varieties are regarded as dwar d unsuitable ones illYunnan 
because of differences between China and Japan in daylength and other meteorological 
conditions. It is also possible that Japanese ones show lower resistance to cold there than 
ill Japan. They Iliay have been evaluated unfairly. Considering this situation, it is possible 
that Yunnan varieties show tilesame trends when they are tested in Japan. It is interesting 
to use both varieties to study various characteristics including resistance to cold when tile 
Conditions. daVlength, temperature and soil, are changed, and also interesting to study 
what kind of lines can be produced when both varieties are crossed. 

4. 	 In YiInnan lprovince there are more than tell stations breeding Japonica-type paddy rice. 
Recently, many inprovements not only in general characteristics but also in cold 
resistance among tilebreeding varieties have been recognized. But among the interne
diale-type varieties between China and Japan, there are only a few beyond the class of 
IllediLlll-strong ill resistance to cold. Intermediate types including Kunming,showing 
characteristics of mediun-strong level cold resistance and aconstant yield even in colder 
zones at heights of between I WIland 2200 lietres, are expected to be developed in the 
near future. At the samne time, interniediate type having characteristics of medium level 
cold resistance and high-yield capacity at heights of between 15(X) and 18(X) metres are 
expected to be developed. 
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TABLE 2 Varieties higLly resistant to cold under natural cool conditions. 

Level of 
cold resistance 

First provided materials 
Yunnra Japanese 
varieties varieties 

Second provided materials" 
Yunnan Japanese 
varieties varieties 

Iligh liian xintuan heigt, 
(angdiao 3 hao 
Banjiemang 
Kunming xiao beiyu 

Resistant Paniong I hao Fuji Chubo 42 04-108 
.thaotong MmiaxianmzlU 
Kunming 830 
lizi ouian 

Medium resistant Yun 83-139) Somewake 80-2 
to resistant Yungeng 9 Iao Oolori 04-2865 

Dianhoua 3 hao 
82-148 
Yunertian 022 
151 nuo 
Weihonggu' 
Zapub 

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

5. 	 Meteorological conditions (luring the rice breeding season inYunnan, located at high
altitudes, leads to continuing cold weather datage. In Kunming, average 10-day tcnt
peratures, lrotm the middle of May to the end of August. change slowly Ifrotn 18.5' to 
21.2' ( showing the highst telperature at the eginning of August. For this reason, cold 
weatherdan(aionly takes place in sonc specific early and late maturing varieties unlike 
Japanese onc,. There are various types of cold-weather damage each year. Thus it (loes 
not take so ianvars to fitid varieties prescenling cold resisltance. 

6. 	 Irt testing breeding lines, the cold resistance tests must he cotmpleted inonly one year. It 
is thought to Ie possihle to usc suhlerrancan waterat the Yutnan AcadCny of Agricutlual 
Sceice in ttitner. It is rtilghly 17(' and cotnparalively stahle. We thought there was 
a high pom.sihility of fitldlitt way, ofltesting cold resistatnce by tieans ol proper irrigation 
usitte this waelr. In amthlitiot. \,C have prepared cool-water supplying facilities for testing 
coll resistance at variolt, growving stages. atd are going to hegitn studyitng testing ticlhods 
using irrigated Iicls where tetpcrattre is controlled. 

7. The cold re,,istance of the progeny after crossing Japanese and Ytmtlnan-vatrielies 
generally ftmics a1middle point hetween parents in the [, generation, and is mostly 
dislributlcd in the niddle of'parents aflter the , geteratiotn. Therefore we tmust use 
varieties having high resistance for hoth parents incold resistance breeding. There is a 
possibility olfohtaitnin 7
 gprngy haittg greater c'mld res islt ti'c thiatehot It ntshecause 
the rcsisatinCe Le1te i, accLnIulalcd whcii lie paretnts havitng cold resistance are crossed 
(Figure 2). 

8. 	 Recently, Suzuki has stated that there is a close relation between cold resistance and Iltc 
length of' anther and stigtna. We found that there was a close rclation betweetn cold 
resistance atn( the length of anther, hul tint between cold resistantce and li Iclth (l 
stigina. We also folutd that the lenth of anther atnong the varieies was tiot much 
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Kunming bei/ugu F individuals 
So11ni,2


I 
wake 

Cold v sistince Maturing 

(i1 F, individuals group I 2 3 4 5 6 7 8 9 10
 

ItI
 

Resistant 	 < l 

V 

Superior to Somewake 

II 

Medium III 
resistant 

IV 

V 
Ferility index of Somewake 

IIISusceptihie 

IV 

V 

FI(GURE 2 	 Distributin of fertility in F,individuals derived from crosming between Somewake and 
Kunming beizugu. Fertility index I-1O. 

influenced by environmental conditions while a sterile rate, an index of cold resistance. 
warn 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. 

.We alletupted to use anther length for cold resistance breeding by using the crossing 
populations and lines of varieties from both Japan and Yutnan. As a result, anther length
generally indicated overdominance inthe F,generation. Correlation between anther 
crttgth and sterility' rate of the next generation became closer and closer as generations 

advaticed. S o did correlation between parent and sibling anther length (Table 3). It was 
thonlght the selection of varieties on the basis of anther length was more effective in an 
advanced getiration than in an early generation. 

I(0 We have deternined standard varieties having cold resistance in accordance with the 
different ripening times after several experiments in natural conditions (Table 4). 
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FIGURE 3 	 Relationship of anther length and stigma length to grain sterility. 

TABLE 3 	 C:orrelation of anther length with grain sterile parameter and anther length of next 
generation. 

985 	 19.6 

Combination 	 Number ofl F generation Number of' F,generation 
materials & Place Grain Anther materials & Place Grain Anther 
generation sterile length generation sterile length 

Ch74tx 42/ 7 Kunming 36 Iliang 
Kunming F3 -0.411 0(.343 F4 -0.761 0.839 
xiaobeigu 

74 Shuwangshio * 36 Shuwangshio * 
F3 -0.4(X) 0.273 F4 -0.769 0.801 

Nishihomare/ 40 Kunming * * 35 Iliang ** 
Yungeng 135 F3 -0.446 (.435 F4 -0.524 0.757 

4(1 Shuwangshio * 35 Shuwangshio 
F3 -0.309 -0.185 F4 	 0.678 

Statistical significance - 0.1%. 117. * 57 

TABLE 4 	 Standard varieties with cold tolerance in Kunming. 

Resistance 	 Maturing group 

Early maturing Middle maturing Late maturing 

Resistant Panong I hao - Kunming 830 
Medium resistant Hamaasahi Kunming 217 Yungeng 20 
Medium Fujiminori Jingning 78-102 Xinan 175 
Weak Towada Hidekomochi Niplxnhare 
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Testing blast resistance and gene analysis of'genetic resources 
I. The blast resistance (ron[p was concerned with (I) testing blast resistance on genetic 

resoIrce s, pl breeding materials, (2)plied b,, Jalan and Chilna and ('I selecting and 
breed ing or internediate parents. (3) breeding rrelic liies having different types of 
blast ri,,iancc. 4) te,,tig palthogciicity of "mnnan blast fIngi. (5) analy'ing genetics 
of blat re'istarrce and establishing its breeding methods. (0) selecting standard varieties. 
and Ctablishing lestir.g methods ftr blast rCsistance. 

2. WC ,todied how rCspolsivC tie varietie:, in Ynnnar1 were to typical ftngi oflblast seen in 
lapalt and Clhi~ia and conlrjrreld tile result with tie starrdard Jlpanese varieties. As aresult, 
tie varetis irl Yrunmarr were assnrlred to have Pi /', Pi a. Pi i.Pi A" as blast-resistance 
gene. tley are throoght to be corrlparatively sirrple (tlable 5). Japamnese varieties, to wich 
trite resistartee l'rorn loreign varieties had bee:n applied, are tht'ngirt to htave w~iuer varieties 

ol blast genes. 
3. After examiring the pathogenicitv of, blast ftllii collected front various places inl 

Yoreitnar. using tire standard Japatese varieties, wC fbond th1at its race COrrlpositiOil in 
Ynnnan was more comrplicated than irr Japanr. For example. litrc were rarly 'l'rgi 
Invading Pi--I, li--a. There were some Intii showing itstable paitlhgoericity to the 
varieties Kanto-5 I,Tsiyuakc and Pi No 4. Studying tire difflrenCCs it disriburtiori ofl 
hlast f'tgi races iniplaces where Japonica. Japornica-lindica, ad lIndica rice were 
cultured, we found that tire distribution was siripler irr tire hridica--Jalorica culturred mie 
where rice was riraiily growir. than ill tire zories whrr Jaliica Or lrdica Were cultured 
selarately. 

4. For the purpose of studying utilization effects of trlre and field resistance, we conducted 
experirienits iinresponse to blast at about 20 places it Yunnan, using several kiitds ofl 
varieties such as (I) specific varieties for judging blast, (2) true-resislace accumulated 
varieties, (3) isogenic liires of a kind of Nipporbare having different genes fIOr blast, (4) 
ioss ibe standard varieties fior tlie sturdy of field resistatrce, and (5) Japanese aird Chinese 

upland rice. 

IABtL.tE. 5 Estimated true resistance genes to rice blast in Yuirnan paddhlyrice varieties. 

tijia Xintuan igm Zhaorong raxiangu (Yungcng 129) 
Xihtm 131 Xinan 175 Jirine 65-36 (Ytn 83-140) 
IYur 83. 44k YungI.,ng ) Irao 

tIamrjic Iran) ItiaMrslmnigu (andiao 3 hao) Yixi 8126 

Iik' XiJin I hao Xtuan (Jiluo Ihao) (Dali 75-(A)
Kcqing 3 hat 9iggtn9-2) Jingguo 9-3 
Jianjian,, 65-It 3 Yuigcng 5 hlao 

Ili Yungeng 79-635 

Ilik Kimming xiaobeigu) Xinnirnghuanpigu Yungeng 21 Jinnirig 277 
Pi a Dali 59-701 Dali 635-781 Yungenrg 20 Yun 83-147 

Ilii 
(Li/iruang) (ZApu) (Panirnong t than) (Yurrgeng 
(Yugrng79-219) Jinighong I hao (Jinnirg 768) 

136) Yuigeng 
Yrrrr 83-128 

133 

(Ynm 83-147) 

t'i k tJriniandant 

Pi k Kunmimri 83t0 (Yun 83-138) 

'I'/ iQimnnong 1033 
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TABLE 6 Frequency of pathogenic races which have virulence to each differential variety in 
Yunnan.
 

Differential varieties Resistant Race distribution (%) 
gene A B 

Shin 2 Pi-k' 96 95Aichiasali Pi-a 86 85Ishikarishiroge Pi-i 81 35Kanto 51 Pi-k 59 52Tsuyuiake Pi-kn' 21 17Fukunishiki Pi-z 8 6Yasliironochi Pi-ta 59 49I'i No4 Pi-ta2 
7 5Toride I Pi-z' 0 61i1. Pi-b 3 14K51 Pi-t 53 35Lijian xintuan heigu + 100 100 

A: Collected around the YAAS. 
B: Collected fron various parts of Yunnan. 

TABLE 7 Blast response of varieties in different cultivated zones. 

Indica Indica-Japonica Japonica
ResistantVariety gene A 13 C D E F G II I J K L M 

Liji., xitua,, ,eigu + s) s (s) (s) (s )® ® Qcs ® (s--Shin 2 k' R" (S) () (S ) ) M 
Aichiasahi a ( Q.S) (S) (S- ( ) QS)® M (K) (S)
Ishikarishiroge i s) R QS (S) R (s) M ( M (S M (S),.°.,, e~~ )(" (S R (,S).Kato~( 51 k MR ® M (s M (s ci . " M M ( M 
Tsuyuke V~ MR M)S ( S)MS R ('S) r.s M M (ts) R ('m S)
Fukunishiki z R M Rh Rl' R Rh Rh RhM Rh M Rh R"
 
Yashiromochi 
 ta M Rh M R" MR R R" R M M (S) MS M 

2Pi No4 
Rhta R Rh R R" R Rh Rl' R R" M R" Rh 

Toride I R Rh Rh R' hR Rh Rh R R" Rh M Rl' R" 
Ill b rQs) R R Ri' Rh R' Ri R M Ri'  Rh M R" 

A: Suntao B: Ruili C: Menzu D: Chuxing E: Iliang F: Sltiping G: BaoshangI1: Yuanjiang 1:Jianshui J: Kunming K: Zhanyu L: Zhaotong M: Wuding 
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hlheexperinent, were +erl'orflcd in a1nursery test. As a resull, there were some f'Cature .,s 
inl responses otllrue reLsista"nce genes. Varieties havilg 4-, I'i k'and 'ia did nolshow any 
resistance inl alimiost all the places. 
Those havinc Ii i, Vi ,I'i- k', Pi . Iliillindicated resistance illsom places. On the 
other hand. those havi :,' I- j i'.Il'i-h presented high resistance illalmost all-/'i 


the places. 
5. 	 As to ield resistance. iiteratlion hetween varieties of the same geil' and places ildisease 

severity was recoei tzed to he signliait. I lowever, resistance level (lid not vary hetween 
places. We c hcludd lhat field resistance took l'fect. Japanese and Chinese upland rice 
sho\ved hi ih resiCStane' in all of tlhe place._. 

6. 	All olthe Japan.ese uplaiid rice was sceIptihlC to tlheinl jection o'lblast lingus, race 037. 
Btt some of'the Y innanm uplaind rice vas resistant. Judging from this, those varieties are 
Ihon lt to hIave so Ie tru i. si:I:ace. 



CHAPTER 18 

Vegetable germplasn at AVRDC and its utilization in crop
 
improvement with special reference to disease resistance
 
hi-ceding 

R(I)".i I. ()I'-NA, S.SIIANMUGASUNI)ARAM, G.C.J. FI-RNANDFIZ.
 
Y() N JIN-YOIN(. II. 'TAKAGI. A.T.TSCIIANZ AN) S.K. GREEN
 

The primary goal ol AVRDC is to develop improved technology in the form ofl tropicall 
adapted vegetable cultivars and appropriate manage i enIt practices. Since its inceptiton, 
AVRIDC has vigorously underscored the importance of diverse gerniplasill assenbly to 
support the crop improvement progralms for its principal crops, iaillely, tomlato, Chinese 
cabbace. sweet potato, soya heal, munLigeanI. white polato anrd pepperw. ml\vhich was added 'v 
recently. Over the past decade, the elite peiec materials ofI these crops have heen utilized 
1w AVRi)(" scientists to develop new culti. ars that are nllore resistant to diSeaSe aid ttOleraItnl 
oferiviromilental stresses in tiletropics.AVRI)C"has been active in dissemilatiil ilproved 
h reedin iues and elite atccessiol s for rise h\ natiomal Tl ttgriIIi either (Iirectly as conlTler-I. 

ciIl cultivars Or isparent stocks inbreedirie.
 
Inl this chapter we tile reSolrce and crop imprOVetnelt activities on
present the genetic 


AVI)R"s principal vegetables (except white potato and pepper) with special emphasis oil
 
disease resistance hreeding.
 

Disease constraints o'vegelaIles in the tropics 

A review of the diseases callable ofattackitig AVRDC's principal vegetables in the tropics 
is -,iell below: 

Tomatoes grow fairly well in the cool, dry regions of the tropics but are often attacked by 
many diseases during the hot, humid season. Some 9 orso ot5 I tomato diseases are important 
illthe 1lt, Ilutnid tropics (Villareal 1979; Yang 1979). These are bacterial wilt (Psetudnnunlas 
xohiiiot rootknot nematode (Meloilogyne incognitl).toltato mosaic virus, leafinoldo crm). 
(( 'h do.spor'iuni./lv ),nI. grey leafispot (Stenphyllim sohlli), Septoria leaf'spot (Septoria 
lyIopI'iS.i'i). southern bIiglit (Sch'rotiun roufvii), early blight (Aternaria solani), late blight 
Ith/vtoplithoru ife.'sanus), aind powdery mildew (Erysiphe pol.vgoni; Leveilida tauri a). 

Bacterial spot (Xanthoon"as campestris pv. vesicatoria)has also becotne a severe problem 
in the htumid tropics (Opefia et all.1986a) 

Chil('V( cabbage:( 

Three diseases atong several afflicting Chinese cabbage, namely, sol'trot, downy mildew, 
and turnip mosaic virus, are considered important in the hot, humid tropics (AVRDC 1974). 
Sof'trot lFriiniacaroto'ora) is most damaging during the hot season. Downy mildew 
(/''olosp'oraparasitic(a) isa serious problem only in the early or late sttrmimer p7latiilrg in 
tIlefringes ofhtile tropics or in the cool, moist highland regions. Turl p tilosaic virus, while 
relativelk unimporitat during the hot, rainy periods. could be damagIligig d utin g tile hot, dry 
'elts ii. 

:.,.¢ ; i 
a, ,.. ,y ,a+' .& ,<.,., .,,+ 
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.S'u'et Potto 

Although relatively less lavaged by diseases than many other vegetables, sweet potato is
attlacked by several patlogeris such as black rot (('r'ystis./t'iatu),Fusariurn wilt 
(I uarium(lv prl/o f'. sp. bathl/a, ),Ja va black roit (I)ip)hdialutIt'fola,1). goss.Vpiflt), scab 
( I l t,' hat hl ,). scUi rtfI( , ti 1C,.. tM t '1'Jlo1l o1tUl) ),w itchees,h illfl. .A', il (, tcs ipt 
hl)01 (I mvcoplasiua-Iikc oiralnisim auld viiuses. 

I)iseaises did fbit receive afparticularly ,trong ciphasis inl the first decade of'llIc AVRI)(
sCCt potoi rogrm. ,AVil)(", iritltuctitn miurvev of Asia and the Pacific in I982 
indicated, howevcr. thal dieascs arc also iriiptrl;itll production constraints (lin et il. I983).
()' the discases Cited. scabla,, the iiloit l'1)r ealei t, lhflloCd by FIusaniurn will aild witchsC' 
brooll. 

Several diseases, especially Cerc rspti leafl split (t(. t 't'en. ( *. ('ruemt ) po)wderyC 
nijldew I :rvxip ol.' oni), nurnghavlleyllow m1iosaic virus, the root disesC corllplcx
(W\Whiom sp., 1hizotl'nia Xt)fi, Iitv ujOrmsp.). reniforir i lliilOttIe (otih',o 'ho/os ''ni
lo, i. ), and root-knot icirmatode (Ah'rid'rt,yo sp. can cause large yield losses ill Intlll iall

(Morton el al. 1982). (Cercosptra ICa' Spot is Scvei' durin2 the warm rainy scason: whereas
 
powdery mildew thrives well undcr cool, dry wctlhcr. The root disease complex isfavoured
iv ciol terimperatures. More thanu 2ff viruses haviCbcCn r'eported to infect luliUghcal. The' lie 
c(tilirit0i Oties are iluiibealli yellow rirtosaic virus (MYMV). Iblackgran leaf' crinkle, and 
rilriri.heani mottle virus (Anon. 1984). oi' which M YMV, Irar ,itited by whilfly (Ih',misia
 
t.a'aci). is the lost severe, especially in the Indiall sibctlilinclit.
 

Il irty-fivc econoinically imo rta it diseases hiave been reported for soyabea n worldwide 
(Sinclair 1986). Aiong them, the f'ollowing have been frequnltly cited and researched in the
 
tropics (Shanrimugasti ndaran 1 arid 'se Iill I985:
an. 1986): fu ngal discases---st)yabealn rust
 
(Ihakrpsorap wh.vrhiz:i): anhraclirOse ((Colh'uu9ot'ihm flow '1tilt, ;hm git Irx):
loiei 

target spot (('om' pwV~o''a
Casii oti): frogeyc leal spot (C('n'-c;s)7ra.o,sii): purple seed stain 
('r'iospo,'a kiktcuhii): downy mildew (/Ierolospora alnashurjt'ti'):pod and stenl blight


(honuopsis so/Ut'), and root aid sterm rot (Rhi-oc't1iaso/ ai: FIsa'io, potnn I. sp.

It lit sp., St/t'roti uI 51C/Irrtio'ntn) aind bacterial
'hi'ilpitm,Pvti/No ro./sii, St'I'rotijniau 

diseases---bacterial pustule (Xailhonnt'ns ('an qwstris pv. phascoli); bacterial blight
 
(lsc',dtflI(its s.\'ringat' pv. glvcinea), and wildfire (Pscwl/monasu 's'riitga, pv. tibt'i):
viris (Iiscases-soyabean mosaic virus, soyabean yellow mosaic virus, soyabcan dwarf
 
virus, ind blackeye cowpea mosaic virus.
 

The root gall-causing MMloidogyt'jaan. M. arenaria aid M. incognitaare the rost
 
inmportaint nematodes attacking soyabean in the tropics.


O'f the fuingal discases, soyabean rust, downy mildew, anithracnose, purple seed stain, and 
pod aid stem blight are the iost serious intile iropics. Syab aln rust iccurs btoth iillthe raiiny
arid dry seasons but is miore serious ii the dry-season crop with irrigalion. Downy mildew is 
ailstiamdry-season disease. Bacterial diScases, purplhe seed stain, and pod and stemi bi lit a re 
ctlilliit ill the rainy season. Alitong the viruses, the whitefly-trairsritted yellow mosaic 
viris is Ihe nlost serious: burt it is ClidCllic onfly il tihe Indiaui Subcontinetl. 

Genetic bases for ti e crop inprovementf programl at AVRDC 
( ;Ii\1Ii.AS; \ssS MiI.N: Ti11 I()[\';I I"I )iDR SI IYNII N I 

Tl'c diversity of diseases thal attack AVR l)C's principal vegetables preseils a formidable 

http:Ii\1Ii.AS
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challene to teiir ,ur, iva Iud1dI)I cti,, ilV. ('rop iinoveIcut progranis aimed to meet this 
challeI Ic requirc broad ecleCtic" pooIs from which ItIdcrive the resistance genes that the new 
brceding lineuit h'ave. ()ver th,e years. AVRI)( has buill up ifs genetic resources to 
si/eahle niumbcrs (lable I I. These etetc resLurces arV hci maitained, characlerized, 

cvaluated. catalogend aid distributed x,oildwidC by the AVRI)("s Genetic Resources and 
S,,'l I ((il t , lil\ the ilstihulc,s crop inproveient scientists. The;RSU) ill collaboralioi 
,cuctic hases supporting AVRI)('s crop improvenent activity tor each principal crop are 
I irther clahborated belm%. 

IAIEI.1 I A.V RI)( gernipllasin collection ansof September 1987. 

( iiinndit, Accessions 

(iilit"t' caJh t%'C 846 
MUliiid aii 5 274 
so akei ll I2 505 

t't'l tii 
tI i il 

) I 219 
5 484 

I'cpper 2 500 

Iotal 27 828 

AVRIDC maintains one of the world's largest collections of tonato germiplasm, totalling 
sonic (ItQ) accessions. Of' this total, more than 90(/( belong to Lvcopersicon escuh'ntilm. 
)tlier species incIuRided are L.L. cuh'lttn var. Leasifi,'.l+. piinpu'nliflidiini.L. hirisutlon, 

I i'rit n a few interspecific hybrids ('scueh'tniui x pimpinellifdilnIIIl II. L /'c'h.s aii.and 
,IId c'.S/'iIIun - hirusutmil). In addition, 528 cultivars and other genetic stocks are still in the 
brecders' active collection. 

("hilwew cabbaget,' 

The AVRDC' Chinese cabbage collection comprises 846 accessions. An additional 20(1
acces sin, hiave iiot been permanently numbered. The iiphasis on collection has been on tle 

stispecics of intcrest, BIaSs i'acampestrisssp. pekim'nisis, which constitlts more than 90(/( 
of' the total collection. Other materials collected were B. campesti'is (ssp. uchm'nsis, ssp. 
ii<achil'nsis,ssp. #1w'milosa.ssp..japonica, and ssp. rapa).B..juin'ea and B.napus (Tay and 
Kuo 1985). 

,Sweel'potato 

A total of I 219 accessions from 32 countries is in the AVRDC sweet potato collection. 
( crinplasml from PapuaiNew Guinea. ''aiwan and the USA account for about 70(/ of the 
lotal. AVRDC has been officially designated by the IIBPGR as the repository for sweet potato 
ge rmplasm ili Asia and tle Pac ific. Fforts are now Underway to introduce the sweet potato 
.c'eniphasn from countries in tle region f'(ir inaitenance, discase eliiination and eventual 
distribulion. 

Ahlfli,'/)o'Uli 
AVRI)C has been designated by IBPGR as the genebank tor the world mungbean base 
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collect ion. A Iotal of 5 274 InUllebealn accessions frtnl all oer the world are kept as both base 
and acli\c collection ('lay and Kuo 1985). 

.\VRl)(' hais alsenbled 12 330 siayabcan accessions originating fron 53 countries. 
.\monie thC. I 12 are (i;/'ine mna: 344 are (;..sOa: and 60 belong to I I otherwild (h'cine
 
specics CSaniiinasidaranl
eial. 1985). 

IN11 \I 1(ll)\ 
(Hl IWOl\'il-R1 %1%1\\ I S I )('KS 

lhc dchloc)iiieiit of dis';ns,-rcsisamt tropical hIbrceding lines at AVRI)" has been well
,tpportcd h\ plant pahofllo Icja the iamlure oidisCases. sCrCClillg tCchniquC,rescich oil nlld 
diWase ,co'ring nClllods. lestilt fronm thc,,c stlics hlave bCell applied in scrcening the
 
.\VRI)(' grnipl'siii collctions aldl,rcdiii )Ippulati-.onsor diSCase resistance. l'hrghou
 
the \cars. the AVRI)( plant piltl,.AOgisls hil\
ciIIa',cd ,vallN itiforniatiii on (iseCase
rcsistant gcriiuplasin fr sc I-,,
.I\ VIMC plaiit breeders aid other researchers \,,orldwidc. A
 
"11l1]111aly of the iiimportanit tropical diseases 
of AVRI)(,'s crops and the availability of
 
resJstil gerrinpllasil is given iin[ahlc 2 and Table 3. The identificatiou of resistant stocks is
 
fultther clIaboraCd bco\,
 

I'()i~thlnO 

The lllltiplicity of diseases illfectlng tOlliatoes illtilehumid Itropic.s iCLessilatcd the
 
priorilization tfgoals illdisease resistance breeding (()pefia I985: )pcita el al. 1986b).

llctcrial wilt 4RW) rCCCived the highcst priority at the otsllel. Lea-clipping of young
 
seedliings \ itlh a pair (of scissors dipped in a Iimixture of liilyv inifectyie IW inocthli was
 
the1slandird 1IW screening techll.niqC formanilly eairs (()pe-.it al. I198(b). I lowevcr, this
 
mClhod has itnhCrcntly Iigh variabilk)' for n.iolnnil of,+ i iociulln dclivrcd per pllait and has
 
fits been replaccd recently .i]ifa tecl]tiiLe (.,\VRDI)( 1985: ()pmia and
I dscicelime 
Isclian/i I987). SoeIC of tIeinmost imp)rtant W-rCsitiimt stocks that have beeniidentified 
and Ulsed in the breediig pirogiu .;.e lilies serics fromi tilePhilippiines:as folhos \s: the V( 
ciltlivar s, Venus and Saturn from Norlh (arolina. IIS\A: I. 336 (nnknom,m): and II406 994. 

l()nr Cenctic diffleitials have been used itAVRI)(" to idCtiIy the major slrainus il tomato 
iiiosxaic virus (IoNIV) ((;een et al. 1986). 'oMV resistance is conditioned Iy two dominanm 
gcic. (ene Tin- I imparts resistance to Straiins (t.2. and 2': \wIlerelas. -'e)e TI-2 conditions 
resistance to all strains except Strain 2.Tmi1-2 has an allele. Tm-22 . which confers resistance 
to all strains except Strain 22. As tileiost conimon strains iii Taiwan aind S(othilln Asian 
countries are Strain ( and I,the incorporation of;oene Tm-2 2 into AVRI)C's tropical lines 
\\',adeqate (AVRI)C 1985: Green et al. 1986). Using artificial inoculation techniques. 
AVRIC virologists have identified a nunbcr of genetic stocks carrying the different 
resistace genes, singly or in cotmbination. The ToNMV-resistant stocks that have bCell nsCd 
inthe AVRI)( tomiato program are as Ifollows: 1,127 fab T"lm-22), 1.534) (OlioMR- 12), 1. 
5341 (Ohio NIR- 13). 1 5337 (Moperou I. . 5338 (Mci1or. and a nunmlbr of recently 
rcleascd cnltiVars. 
The A VRI) tomalto collection has also been explored for resistanc i +otiervinises. such 

as tonialo yellow lealcurl virus (TYI.CV).)otatIO ViruS Y (PVY)I.and ctncuiCbr oIuSic virus 
(NI Vt. Good resistance to PVY has been found in I. hirslum (VI,- I I I series). Promising 

resi stance to TyLCV has been observed among accessions oi'. hirsnim (LA 38683 aiid L.A 
1 and L.per'rlianun (VL- 115).29i83) 
Rootk imot nematode resistance is controlled by a single domlinant gcne. Ali derived 'rom 

L.lm'ru'ianum. Mi is tightly linked to Aps-/ (an isozy nilC locus fOr acid phosphatase) whiich 
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TAB LE 2 Important tropical diseases of' A RI)("s hrticultural crops d of resistantai,(1 ailabilit 
genetic materials. 

Causal oruanill Resistance sourCes
 
(Cropktiseae bacteria fungi 
 virus nematode accession breeding line 

/',+IrnuJD~Ipn s~ o'Iiii 'irn * "+ +
 
\,lflthI, ', 1.5 lsi atoria • 


, 
+.p p


IblThit)IOm Iac ." ir 
 + + 
P)I110 %IfrLlY * + p 

hil '\' ' Ilu /hl/IIi l *+ 

il/ l 	 Imiltli w/ml! 


l l +lriH 
 +->,'IIII'Vll (lhI,,rl 1Cj +
 
S lrlln,, rid • n

oll %iti * 	 n 

('[IIIUe 	 L"c.ibb+Jie 

I P I 	 / II t Il'Ol l *'( + + 

Iurti, 	 tlilOnsic virus +t + 

Sss\ t J5ti~tI 

1:ii]slo' IS{l[hltl.+ +,p 

' 	 ricrIt'l.l2to the text for exatmples of resistant gerrnplas.il.
 
e Iiiu I3 crop matturity unrder adverse tropical cotdt ionls sought aisalternative solutio~n.
 
ii e;.netic resources have not been evalduated yet.
 
p' 1:\ ;tion/breeding activities in+progress.
 
t\'ullt;ll dilfferences observed but tquestionle'd \alue in breedling.
 

I)iseaext resistance breeding no~tv'et activ'ated.
 
R,.',istant genertic materials available.
 

giv es atuntique i -zm udilg pattern that can be Ltsed as atniarker in resistance scrcening
<Rick aridt Fohes 1974). At AVRI)C. the techtnique of electrophoresis is used to screen 
seuiteigatitig tiiaterials aid getriplasri or'icitating l'trtn CalifIortinia's nre a.t ode -restistan I 
stocks. As the linkage betwcen Mi arid A1/s-/Ihas alr'eady been broken iti other stocks. notably
lllt u,frlotm Ihtaii. \ve also use the tietma+lodle eggi itnocuttaitrt tleitol(j as an11a.lletrrilive screen 
I(()perle el al. lg0)tb. AVRD)C p'lhlohgists anod chem]ists have sceened atnitrnber of 
ge rtplastn stockseespecial!y those reportedly carry'in~g the ,Migene. Sorte of the stocks that 
we\rctoriirred ais netri at (dc- re'sistant art d tused i ti lvI inithle A VRI )C I(itiia o pr'ograi tnire 
ats followvs: L, 97 (I lealatii I. 1L274 (Kewtflo), L, 275 IIlawaji 77951, L+345 (CalI-Mart VFN). 
aridt 1, 3X91{(72 ThI. Recently, we have began to use ainotrberotieruatode-resistatit cullivar's 
teleatsed by commnercial seedl cotpatnies ais parent stocks because of their itiproved 
horticttltutral chiar-cteristics such as large fruit size and better fruit frrrtess. 

ClItiu'.se ((Jhhhag,' 
Varietafl differences in reactiont to artificial sot'trot infection have heen observed: however, 

no reliable source of resistance has been sucessfully exploited. thus far, in the breeding 

program. 

http:ClItiu'.se
http:gerrnplas.il
http:ricrIt'l.l2
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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/disease bacteria fungi virus nernatode accession breeding line 

Mungban 

"C'l'o.\'wl'wca(lles'ce[n.s,
 

('er1'oxpora (rlna + + 
I'rvsipl/h polyh'oni + + 
Poly virus + 
Urrknowr virus 

* 

* + + 

Sos abeanl 

Ph1I'lAlu.%111 pach.\'rhizi • +,t t 
. i 'llt/ it (u'l/mpesI'is pv.


p//5I, Ctsc 
 + + 
Po ,l.o''.pOliiI/. 1tlhr4 iI 11 + + 

) Iablleanmotorsaic * + + 
'ot siru,isolate 220 + + 

P {ll~lH'/l. %\'ifl~qavPV.
 

jhw.Iol
 

Pleasc relcr to the text for examples of resistant gennptasm.

I Access ions and breedirg lilies tolerant to soyabean rust are availabe.
 
- [)i,,ase resistance breeding rot yet activated.
 
4 Resistant gcnctic materials available. 

The development of turnip mosaic virus (TUMV) resistant genotypes had depended pre-
Viotslv On coltplex in f'clio ttil a1specific strain concept was established (Provvidenti
198(0: (reen and l)eng 1985). Five distinct strains of TuMV have been recognized so far. 
AVRIX' virologists have successlni ly identified resistance to TUMV strains C I, C2, and C3 

cabbage gerinplasn 
lo be contton in Chinese cabbaec. ()in the other hand, resistance to sIrains C4 and C5 is rare, 
htavintg been observed only in Accession 13730 (AVRI)C 1985, 19 87a). Another useful 
accesstot. 137()8 (P1418957). carries imtnnity to strains CI and ('3 and resistance to(('2and 
('4 (AVRI)C 19 87a). 

Accessions. breedin, lines and segregalinc ric-ptilaiionS ,L. orimm:rily exposed to downy

milde, (I)M ) epiphytotics, either natural, artificial, 


ainong 'hineso (AVRIDC 1985). Resistance to the above strains appears 

or both. An in vilro technique using
 
sporangia pnIOdttClio oi tiletached cotyledons, iclia ted and incubated fIor 12 
ours at I4'C,
protiises to be a useful tool to screen a large tnumber of seedlintgs ttnder controlled
environment (AVRI)C 1987a). The tost proniising ';ources of' DM resistance used by the 
AVRC)" breeders were Korean introdUCliOtis,particularly accession B 742 (AVRIDC 1985).
13639 (I lakuran). atsynthetic amphidiploid between B. campstris ssp. l'ckinensis and B. 
oleracca,has aIso showlt allexcellent DM resistance and has beentlie imllportant dono iarenri 
in a backcross program to transfer the resistance to B. catpestrisssp. pekinensis (A VRI)C 
1987a).
 

Sweet potato
 
Lack of nethodology for rapid artificial multiplication and effective screening for :;weet 

potato scab resistance had blocked progress in the past (Opefia et al. 1987). Scab is not 
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eudeniCe under AVRI)(" conditions. occuhrrilg rather ifrequcntly during tile lint, humid 
scisoin, IIths nIiihI use ofnatural field screCniigI)tch niquc. the AVRDC pathologistslilcLh 

h'i\c IO\ de\ eloped a suitable in iwo propagation techiti(e ofthecatsal organisIll, the rapid
 
screcie niethiod via arutificial inocu1lation, and tile
disease SCOrillg iethod (AVRI)C 1987c). 
These tecliiiLucs have been etniloved ill hresiptt gepnllasm. Ilseveralrnifi 

screcigu tests. accessions I 1175 V2-31), 1 1206 (GI 6), and I 12!13 ((l 13) have been
 
confirlned tsresistant (AVRI)( 1987a.h).
 

.11iitiii -till 

The e1odology for rapid productionl of Cercospora leal'spot inocuhlum and tlie inocula
tiolltechiique ,.serCdevelop)ed used ill early stages of tilelild resistance screening at tile 


AVRI)C ntunigbeatl prograni (Mev,et al. I975).
 
,+ccessions. Seglegailhlg p+opulations and advanced breeding lines are evaluated normally

tinder nalural and/or artificial epiphytotics of* ('ercospora leaflspot (iLS) and powdery
mi ldew (I+\Iduririg these scasons: spring ( iarch-May). siumer(July-Scpteniher), and fa ll 
Sepleiiiber- Novemiber). Resistances to ('I S and PM \wrer identified floiu thousands of 

nilUngbean accessions screelled alAVRI(. Ixaples ofaccessils with hii&h levels of('l.S
res.istance are V 2773. V4715. and V;500, all front India. arid V 116I. an anuphtidiphid from 
the Philippines. PM-resistant stocks include V -1717 and all Of the above (.S-resisint 
,iccessiois except V 5(00. 

Several viruses causing Iimottliig,. mosaic nid lef crinkle symuptoms on mtlnglearl have 
Ibeen isolated at AVRID and at lwiteturne. Tliwart (Anonl I984). One ol the viruses. with a 
host range confined largel\ to tilelegitle fanlily. is sced-transmitted and is serologically
 
related to cucuLiiber irosaic virus. A Ie\\, alIid-tr'iSrIriIted poty virus has also been recently

isolated ii "l1aiwan. [he virus issCrolocicallN related to backeye cowpea riosaic virus. ad/uki

hean mosaic virus and the NY-15 strain of heall CoroIn mosaic virus (Anon. 1984).

Resistance to Ile seed-traisriSitted. unkntin virus has been Iturid among accCssions V 3686,
 
V 2(11(1. ard V 2)8. and anioll elite hreeding lines and parental stocks IAVRI)C 19871)).

Resistance to tile
new poty virus was riot detected ariong elite breeding lines but immunity
 
is present in accessions V 1682. V 1153. and V 1745 (AVRDC 19871).
 

,' cv'/an 
Much of tileknown disease-resistant soybean gernplasm (Palmer and Kilen 1987) has 

been re-evaluated at AVRDC. Additional sources of resistance to other diseases have also 
been ideritiftied from tileAVR DC collection. 

Four independent. Inajor dominant genes conferrihg resistance to four differert races of 
sovabearu rust have been idenitiflied (Hlartwig 1986). The resistant stocks arid the specific 
getres tihey carry are Il 200492 (/.V/ I?psl ),Pl 230970 (Rpss2I1s2), Ph 462312 (Rps3 Rps3) 
and Ph 459025 (Rps4 Rp.s4). More lhan 10 00(1 accessions have been evaluated I'r rust 
resistance at AVRD(C since 1973. Ilowever, all of tilereported genes for resistance were 
tnid compatible with the virul Ient rust races presen on Taiwan. It appears that tlie patllogen 

can readily evolve new races to overcole tilespecific resistance genes. Tolerance. defined 
as tIre relative yielding ability of a genotype tinder severe disease epidenlic". was therefore 
c,.pored as aillalterlaliv'e avl\enule to combat sovabeari rust. 

'I,\%o screening methods have beenl used to evaltlale rust tolerance. The first method,
pplicd spcifiicafllv to \ ariale ipOpulatioiis. involves the growing of test materials during I 

scx et rust eIidetiiic aitd coIciTuCeritly selecting for yield and yield loss potentials. Sovahean 
Ill"; reucdeS e .,eelsi/e bt [it the pod si/e. TherelOre. yield loss potential Can be evalualed 
h\ u,,mlrirg seed size to seed cavity sie./\ slandard tolerant Cultivar is used forcomparison
Shuiuu~uueuitldirmtit aid "'schani/ 1185. 1986). The second metlhod.applied to stable lines 

http:ItMP-OVFNtI.NT
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and accessions, uses af qplit-hplot tcsigiil ",irc the Withid W11101tht ftilciCide ta' tlmelntls sere 
as mali plots ani linea,,, srb-ptlh-plt. Both high sildiur alld tolcrair1 h'eck cultivars are 
iludeUlCd f'or comlalrisol. Selectiorl lr toleracc is.basC Ionoth l s \icld loss and high 
\icId. I i, thus,. IcclrirtC,, . (Ot it rill'a, h rl itltCrlihiCd ill tireera ll [)e\C AVRI)C
Ocr ,iplasin l ! h wdn "I arl/,lid 'I,;Ii It I).collection ille (-I 


Based fI
onc;i iofodowly Ilii Idc\ ulnder itural field infec'tioil. ShiI Siih \was idrilti fied 
',alIr ',Illrc (f I1I\nleil IICtIC\cClle'it o us ' rsi C . 

hlirepro-edhlrc u ed illscrCniri IfIr put le (1) rC'istiicC' hasIe dCclribcd earlier 
(lSarrrieLI aNrrlarill- idl ICiiI985. N ).l ielcCi acces'iOls, \\ CrC rioledto he Ihir.ghlVrdll 

re1.s:t to Bl at AVRI)'. Tlie resisiice lc\Cls iiillthese cccssiois \ c'rehetteir thian those 
OhbsCId ill 19). A('NS (AVRI)(' ,A 1these andcfullseIc's of' Bcrcistt :iccC-siosiO 
tir (iriiIal ideIt-itlie are as ol\lows: (i225 (Iluoir ( 135 Bra-.2,.1 ( 2 26 (I1ossier). 
(i 4l93 1)1171445. 0 obl0 ( 509(0 ('Irics iandl (i 242-I I.SRI 411)).(i5087 


Accessions ( 38, G 2042, aid ( 4919 \I ,f'l)e'e hil to he t ';Iyahealll l
irrir .'cvr 

riroaeiC virus Strains.
 

Itilization olA.l\R")( 's diisease-resislilt vgellable gerrplasin 
l)1\(; mI) s.\I Ri.slISi!lFI Ion) 'I \\]()\(; A VRIC')(" I It \1I\I( I I[,w\[,ItS 

Tle idernlificationi of' discase-resistarilll erplasill is unfv a ni essary first stIep in crop
 
irprovemnent. Ill the disease-resistall stocrk" lack tire d(sired ariaV ol'cliaracters
i11,iany cases., 

that comirirercial cullivars require aidlutst. therefoire, he genetically 
 inanipl alCtd soil, t
 
briin t;Iei' r u,seful gtenes ilto colllleri.callv accepable_ geetic hackeruniids. This is the najir
 
task of'icrop imrproveerntrl scientists.
 

\VRI)C scientists wvork as l rrltidiscipi-lirrarv I1Cllll inachiCC tihe dCsi red oas ofIrhe cCrop

iiproveiment prograir !()pefia ellal. 
 I1986b). For disease resistance breedirl. the coriiibiied
 
Cllols utl
l)lnt hreclers aind plait pathologists are \'erN crucial piMrCquiisites. 

.\llioll Slch a.sself'-f4Criili/Cd SpecCiCs tumato., illtilhean.ian v'bear. lrhidi/atior

"clielles such as biparelllal crosses., tlre-\vI arid doublC c'OssCs tli. r colliplex Iiri-cital
 
rlinatigs have een used to coillie disease resistance with olher desirable characters. 

Segregating popuilationis re"thCI handled bI ire i)Cdi1g'CC.bulk ointmodificd bulk ricitllods. 
ssith scleetioil for disease resistance. as appropriate, either tillhr(,uhi artificial inoculation. 
liatural field infectlion. or both. Olher special ielthods like single-.1ced descent 5SS)) have 
Also beel erilml)ed fmrI' ,c cro)S. etihe.r indepeCntlycll of- in collilililir wili llhcr 
rneilods such as hlie iellhod (Villareal i979: ()pefcet al.i.backcross I980a1).Inni-celil wears.
 
lire backcross itholludrlhas been used more lreietll to ipvraliid tire i'Sisl nee
' rleli.sI]or
 
different d ,isaseI( )pefia el al. 1986ab: ()pefia ani Tsclaniz 1987). This iethod is also a ell
kinown standt~ard Itur 'eerie dorniestica lof flir \ild s(ecies. A ,tiiiable ximple of its iise 
ill the .\\VRI)( mnprograin is the transler ofIPVY resistance fromi L. hir.mawuto cultivatcd 
oilmto (AVRI)(' I987c). 

The bre-ediirg stratey' 'l0rcrirss-pollinalCd species like Chinese cabbage has locused onl 
the dese\clpirlei of omInis/cots illbred lilies cTVarryirilr desirable trails such as tolerance and 
disease resistaice. lhese lable lines are thenllili/ed 1o develop I:I llh)rids and opCi
punllililad poullrtiols 1()l'iri arid 1.119810). The segregal inl popilaiils forin ilervarietaI
c'risses arfe naii;ibhl hinrdled b\ the pedigree etlliod. w\ilh selection for iirportaint
chlialacter' such as li ltolerance, disease resistance arid self-irlcolnipalibility illlhe su're
ea.lirle stIe.1', 

Fihe disclse ,esiSlicebreed illa lArDigA VRI)C's prill Cipal , is fserlier disc issedrig crops 
be hw. 
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I l'ilt ltoler-ance and BW resistance received the highest priority iii the first decade of the 
tolliato pl grali (Villareal 1979: Opefla 1985: ()pefia et al.1986h The first series oltropical 
lolatolihliues ,uch aS ('CLd. CLI.ILI. ('L 32d. ('L 143, and others carry these Inalor traits. 
Ilree.'diiie resistanc 11', a Ile\"llV rS. i In- in] the d+ehVlouIIeOiIt uCf new 
tro..ical lilie, \s hiclI inullutaneoUsl, carry 1,W and 'lM V resistan'ce. (tlood ualliple ofIsuch 
ilnes are those HIthe ('. 1131 ,erie,,. ('1..) 15 ,cries, and other,,, i the last ihrce ycars,

:\VlI<l)( toIlati scilentiiss have eilhasied the incorporation of rootknot n,.lahlo(e les's, 
l;tlce itlhthe lrtio e (Ol lC \ i,xuesh ,cr,.es,,iane.tithreueical tomllato.o ithei 1 tliltli o liseases 
W INo l\ and rol.kntit nLilattldeI) areMnotw., + ill ithe lollato porrall (AVRI)('

I187c). (Goodexamples (i'these adVaIIed Hu1es are those hielhcging to the ('I N 229. CLN 
_3. and ('LN 337 series. 

("/uuc.se (tlhtl, V 

lirceding for sotrot resistance has so farnot ken hiehly effective: therefore, an acceptable 
altru ttivre \as achieved by developing early-niaturin cultiv'ars which are able to escape the 
disease. I lbrids 58. 62. 82-156. 82--157. and others., are early nuaturine and heal tolerant. 
cuiabling them to perform well during the hot, huIimid season. Furthemiore, some offthese 
hIibid,,, eg.. 58. 59 and 62. as well as open-pollinted populliiOinS like 77 M 3) 27 and 77 
\13 35 carry varying levels of resistance to downy mildew (AVRI" 1985) and turnilp 
lltsaile 6 lu,. 

.Sll'ce! poqlhJ
 

iccdine for scab resistance has been initiated recently. The screening of the population 
deri ed rom'l polycrosses, using accessions GI 6 and GI 13, and cultivar V2-30 as scab-
IeI aillplelts. is now underway. 

Resistances toCLS and PM from selected gerniplasm have been successfully incorporated
imo ad\ anced breeding lines with good yield potential. Examples of breeding lines with good 
ltaulIMce to ('S and PM are as follows: CLS resistance - VC 1137A, VC 15601). VC 
17211. V( 3689A. VC 3543A. and VC 3748A; PM resistance - VC 1560A, VC 1560C. 
\(U 1482A,. V(C 3528A. and VC 3543A. 

miisine rutl-ltolCrant lilies have been derived from crosses using the following parents: 
S.",hi 1I 23)97 I ,P1 248407. Shinshei, Sato-3, Akiyoshi. and P1 64728. Some ofthie besth-sli hi. 
line,. \%hell eC\ul aLt(ldacross at least five environnents with fungicide protection and five 
\\ illitl.shuns cd \ ield iuncrelses ol1 over the best check cultivar. Asian GIvcim'5 to I10"; 

ti
,,leo .(AS)129. and ahigher level if yield stabiIitv (A VR)C It987c, data unilipblished). 
I hiteiu hCuceing lines,, ret.,ulltine 1*11)1 Crosses, with earlier SRF4()I) or I+I297550, carry high 
hs e'l, Ict ialIlust1lC rsCitlice. A lo.a majiorlit olltie AVRI' s',oyabean breeding liliesof 

' ,
1;ti'ses, Iim llilt\ rcsit:k lice. 
Nc,11 hl it.til i altld earls -ualuin ,ele'tion,oll'ron various crosses were found to 

lC 111111k StU ora conihinalion tff'SutcqMV MV,peanutl niltile viruLs and a new poty viruIs. 
hI \(Ik:' n.1 13,. !12. 115. 121). 1-17. 174. 2t9. 214. 216, 218, 231 .and 239 are imnmune 
, \ isolates (I and (4. and the new%pluty virus isolate 220. 
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IiIt iI ".(k)I: IISIF.\SiF-R.IS I N I slI(KS il'r NA IlO AI. I ((R.\MNS 
The major coicerns of' the na inal vgCeta hie promrans in tIhe tropics arc I )dptailityanddisease reistance. AVRI)("s research and development activities dovetail well with theseconstraiintl. Tliluaiisd of iniprvcl hlrcedi1 linie,,
and clile accessions are distrihuted yearlyh1 AVR I)('nathnal lh rfl)ri and phiiIC c lClIceill, ',lli itlfor furither tests aiid

ultili/aloln. ( ) cr 1hC pa dccadc, Inurinber of AVRI)(' clctic rnalcrrials have been used lynational I)rlir-urs and111privatle li-iis iMItirllici hrcdin. More inrpolllantly. a itiiib lflthese
iMrrpr1OCdl ,rlnla,,il has Cc found their 10at1 thc farners' ihelds thOih offlicial releases
h\ sCMIraLMOIL,, r l Iiupro riisl, IllOLe, I 1X AVR)('r Ceulinr leis and/or cloltvpes derivedthircIrnni. lavC ICecn Iflicialls rcliscd itsColimerc'ial cullivars in 35 countries (Table 4). 

I titI.F4 ( iicial tu'li.irrteltases 1 Il lional priramirs uliliing gerltaln Iron tl AVRI)(' crop
i11Ipromenueni plroguramlll ISe;Ieutler I9871. 

Nct' \|riell1till Sot ,lbtcal tooal ( 'liiliCc St el Tolal 

cabbagc ptlato 

lu7,s 

I'I5( 
9Il 

1'112 
Ills5 
1984 

19S5 
l')18 
19S7 

I~Tl~-
t 

I 

5 
3 
3 
4 
5 

2 

2 
I 
3 
2 
I 

3 
2 

3 
6 
4 
6 
5 

21 
I 
2 
3 
2 

-
2 
3 
3 
2 
-
-

2 

-

-
-

-
I 
9 
I 
-

6 
6 

7 
I1 
16 
30 
16 
10 
10 
6 

I,lal 24 18 53 12 II 118 

(ouriite " 15 9 22 6 3 35 

' iunries/terriiories anrd nurnilr io releases (inrparentheses ifmore lililone cullivar released).
ifun~begm Australia 121. ( 'tina. Costa Rica. F-cuador, Fiji (3,. India, Indonesia (4). Korea (2). Malaysia.

I'hilippine,, (2. SliLanka. Taiwan.Tanzania. Thaitand (2), Vicina (2).soal,,ll lo~lduIra,. India. Itlnesia (4). Malaysia. laissan (4). USA. Philippines. Korea (5), Thailand. 
/imn hatis c.

/,11,1 31l.
10 lartado lira/il.C'onco.Cook Islands (41.Fiji2. abonl21.(GUani(21 tndonesia(3), Malaysia,
Maurisiii,,I i. Pantula. I'apla Ne. %(hiinta. Ilhilippines. Reunion (21. Senegal (2., Seychelles (I I .Siingapoi 121. Sri Lanka 1Q. lais air 14 . Tanzania I/Zanmiarl. Thailand. Trinidadfl'ohago (2). ISA 
(Virgiln IWandsi. /zailc.

"oba, China 21., hrlthlia 121, .apaiit  121. Korea (2), lhilippines (3), Taiwan.
.5 /,h4 , Iiancllelh 13), Philippines (2).Tahiti (6). 

I'ulire prospfecfs 
The .\VRIl)(" crops improvcncnt program on five principal vegetables ids suce.sfully

ulnibinel adaplabi lilv toIropical conditions with resistance to one or morc major diseases.The inipro'M cd ,cnctic inatcerial arel now scrvin- the needs tolhe national programs eithcr asC'onilnrciall\ ielc'aCd cultivars r as,elite parentlal stocks Ior flurlher breeding. lmphasis infultlrC AVRf)( re. arch i,th spiCcial reference to diseases, will be illthe follo in, aIeCLs:exteieldl evaltiatitri o, gcrmlpla,,ni (or resistance Ii other ilpirlanlt diseases: cofnlilliin,de\vClpluclt i0' ad\ anced culli ai-, k%ilh intiiple disCasc resisincC: and. furlher CnhalicCili ol the slabilits Ill rcistancC,. CScciall '..\ li itilnt-Ifrln alC is Iiblltls. 
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CHAPTER 19 

Potential of wild relatives of Citrus 

I. ITN) AND T.AKII IAMA 

The genera Citrus, lorunella,Poncirus belong to subfamily Aurantioideae, tamily Rua
ceac. Auranlioideae have 35 genera according to 1'. Taiaka. The many species of the genus 
C"ifrux originate from Assam. Some species reached South Chima, through north Burma, other 
species spread to Indonesia through Bumia. Thailand and Malaysia. In addition, several 
species (citron, lemon and sour orange) were inlroduced inlto Lurope via Persia. 

Surrounding these, there ire some regions where various citrus species, both wild and 
cultivated, are grow ing, representing asecondary origin. These arcas are considered to be an 
inrortant pt)ol 0f citrns gene resoiurces. 

'lxploration, collection, clhiracleris.alion and(doclMIentatiOn of(j'ftrus 'cnetic reolrces in 
Iast Asia' has been a joiii Japan/I 13P(R pro ject in the period 1983-96. Its purposes have 
been to include within it the collection ofgCriiplasin posscssing variability in characteristics 
such as disease resistance, higih-yield, 1gragrnce, root-stock capability, etc. It also included 
le collection of miaterials froi as wide i raiige of aurantioid genera as possible. We have 

com pleted explorations in Thailand, Malaysia, Brunei , umatra an d ava, and have collected 
about 300 kids of citrus species and their relatives. These collections are to be used for the 
benefit olciltrus breeders in the future as breeding materials. 

Number olCitrusand related genera collected 

About 300, itrus samples were obtained and investigated during the exploration. As shown 
inlTables I and 2, about 101citrus species and hybrids were collected as scions and seeds. 
Among the collected materials, there are 18 citrus related genera. These are Aegh', Ahtltutia, 
(h",1s ,lla, 1'eroli, Ilesxrce,'ua,Mur'ra.\', etc. The plants are being used isrootstocks or 
drug. The citrus germplasms collected in Thailand were most numerous, because tIle country 
has many pumnlelo types. Consequently, primitive types of this species were f'ound. In 
Indonesia, Java is most advanced inits citrus cultivation. I lowever some expansion ol' 
orchards is now taking place on Sumatra, Madura and Bali. Concentrated cultivation is 
mostly done with C. ,'elic'llata and some with C. graldis. Primitive types of mandarin were 
l'ound in the presenlt exploration. Many citrus related genera have grown in Kal imantan 
Island, Fast Malaysia, but citrus and wild citrus are scarce. 

Potential of' germplasm collected 
Variation in C. g,randis continued to be of special interest to us. It has been suggested that 
punlliielo has its greatest diversity centred insouthern Thailand. It is more diverse in this 
region when compared to the variation inspecimens examined f'rom Malaysia. lence 
souLthern Thai land near the Malaysian border may be considered as the centre of origin. 
Iunnielo types f'rorn this area have varied traits; red or white rind, red, pink and white pulp, 
elliptical, oblate and pyrif'ol fruit shape. and sonic with peel hair. Puinmelos collected at 
Srinpang Tiga in Sumatra must have a partlhenocarpy gcne since seedless fruits are found 
aioii a few fruils on the tree. We could not collect C. ichaniensis hybrids of' great interest, 
but we collected hybrids of something else with 7chaug,,esis. 

A C.reti'ulat hybrid collected at Bali Berguret in Suriiatn: has polyernbryonic large 

,l"*~ ~ -. jt .""k?-"''A .,., ,,'€'
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TAIL. I ('iirus gerniplasn collection in Thailand, Malaysia, Brunei and Indonesia. 

1983 1984 1986 

Countries 
Scions Seeds Total" Scions Seeds Total Scions Seeds TotaP 

Thailand 86 130 152 16 20 27 6 9 13 

lalavsia -- - - 37 15 48 - - -

Bronei . . . I I - - -

Indonesia - . . . . 17 39 50 

Total 86 130 152 53 36 76 23 48 63 

lte total number of scions plus seeds is different. This is because the samples contained scion, seed, or both from 

any tree. 

TAIE 2 Citrus gerinplasm collection by genera andIspecies. 

1983 1984 1986 
(iencra or species 

Scions Seeds Total" Scions Seeds Total" Scions Seeds Total 

I - - -.l',;wd4, spp. 3 3 3 I 

('itr1uaimtilitiO 0 7 7 2 2 - 3 3-
I 3 - 3 - 2 2" ,mdic,( I 1 

2 I 2 - -.limon 
C. ,rmdis 28 73 83 9 9 17 7 13 18 

(C".lnen.is 5 7 7 - I I I 2 2 

(" reticulta 15 19 20 2 2 4 3 I1 14 
- - 2 I 2 - - (. halimi 

(. ,,p. - - - - - - 2 2 3 
14 13 21 10 It 17 

-
C. spp./l lybrids 18 14 20 
I, rttoello spp - I 2 2 - -

Citrus related genera 8 5 10 19 8 23 - 4 4 

ltl 86 131 152 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. reticulatacollected 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 iti an orchard near 

Chiang Mai in northern Thailand. There is no calyx on the fruits ot'this type, and harvesting 
is by simple pillhing-otf. This gene has good character and we can use it for saltsuna tlalarin, 

diaticy tangerine and sweet orange. etc. 
Attempts were made to collect samples of particular C. halimi, a wild species reported 

rfrom southern Thailand and the Malay Peninsula. This represents an importa'n t addition to 
the citrus germplasm resource collection in view of the liinited number of rcports of this 
species in the wild and its virtual non-existence in culivalion. It is not certain whether this 

species is desirable or not for citrus breeding. so we must exantne its resistance to disease 

and its insect and cold tolerance. 
The large numbero f citrus relatives collected is valuable, for atnng tile materials available 



plaIt, lall,,,p,,,, lCdi 5ca+ 
ill"clrsistanllce,. \\ hich are oIi creat Pitel itial \ alit ill crl l)I'ceiCi pl-m -rnalit,. 

lt iO mIll' f thef, rlatld ei,-e.a itC .d ill lt)rI\ C 1t hae\ value+ il the fluture 

tu(,.\ fit_ uu h i ktdiv i cil +ooltrmtS "Itch ,i, hIu iditi)I6hlolcal.'. anId 

speies s',+ 
ik ntit 'as\ It) detert"llilic t1(m but teiIle. ,s iloiItl is-lthere. 

I"(i/ltl 'lioliti. I'I'1 cillus c- +tchl lACeli l di Ai'C\c'ltiM liil \ .al hoIclllcc, a l lha"u'ee 
uts is ro'tst~otck oif citrus ill loshld aleas of Illiilaud. .1Iit1l1ds paloicil, is i Iovely 
trl',iIt ICital l h1 dee aI hi t it hiI, been ItIC. it l, Suis cteId tfl +,il l ijLta r itthate host 

t itvcoplaslla NILO) inflc+ioi aid Inducing eruCIII, ie oflcitrus.There'oreIrieethis plat 
,il h tLsed as teS lltlllial lor citrus Iretuneii d.lisease. 

Viral di alses 
('itru in Soutlieast Asit are IarureIgly dam aged by virfuses,eS pcSial ywit hcitilruLS St thho ratl1(I 

"ruIiuII disease. Citrus pSOosis and other viruses are severe. This meaI that ot o nly uay 
CuulliVstiOi of' citrus hc.ome dilficul. but also valuable iete rIeSources Will bT lost. In the 
areas ,vhcre 'armers have planted commercial crops. trees seemiugly valuMlc as ecie 
rt,stlrucs of citrus were cut dowtl a mbl er ol'yeatrs tgo. Iherelore, gllel celrosio)ln is rapid ly 
ad\l'acnin'. 
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Potential of wild relatives of solanaceous vegetables
 
with reference to breeding resistant eggplant
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I13feetttli otl lato rdt;.iscaleresistance is t'pical of using2 sonte kinds of wild relatives, which 
IrcI.. qnr "ioi'.k(i ','uwt \ '. ' iwrm,. L pimpin l/ idium. I. ptrn 'in ium,and oftiers. 
In the Nationtal Research lntsitntC of Vctu'ables. ()rnmlntal Plants aldt Tea (NIVOT) 
llltocs Ihavc IbeCn bred fOr resistance to ICIla 0nld (('hzd sA/uril.ititt).FlSarlinn wilt 
I I(orinm 0 \.V/)ritllm f. /.i lWi. ( .1). tobacco ittosaici/' J1 anI it., tIMV). rootknot 

itt;Ittotdc lh' .jlt o .'njti, Mid others.01c/o'im 
ll',pint or Briinjal (. huaum ,ntl'/on,'1ut)oricillatdc in tio)ical Asia ( I 1)79) and las9taim 


IbCCnlu, a \ c''etable 1,0-a lon, time. I Ios ever brcedijii fordiscasc re'.iiltce has ilot
bCn
 
advincettl, bcaIC there are fessVer c lose refatisWplant01es of eN compil rd with llose of
 
1to ilatoes. In.J1,lalsonlie \lId rclaisI has e be I tI
liliI/ed as theI res slltlocks. for cxaille)c,
 
./ohln intc''ri/liuln(akind of scarlct ceplatit t Niakatlli I198) is c',esilll to Fusarliul \will
 
and copritlaratively tolerallt to baclcrial still #Lonido ''tl().In additiol.Pi'.mn/ h,/1 

.k hi/,illmlot gio/o .S.#llliloIllml ... to.1tjriillO ald h lrids mc cll and wild
beiss ccil S. m,'/ 

rc!ilise \crc tested for resilillA ocks to sonmek disisCs Yillnlkai an1d Mochinki
 
1'78,.b ).
 

Ttfdak bacterial still alid Verticillillil \viittI crlii//ilolmdudii) ,tsprcad scesrcly ill the 
field f01oAinicCLs k\cetlablc. It is said that such dise;sC ate cinsd bv COlliltOlSroittc~il of the" samle sctc'able'. Thfiese dli'easesc are' soil-botlililt t it is vecry di fienult to control 

Ilem]) b\ chCmicals of- ct'oitoIniaient allnd. accor-dinl.ly tltrce havc bncCC malln'
 
tiVtlts, o1fbrOe'dine It clhaptir the NIVOT bteedinm prograllsf0r r'SiStance. lhis are 

described wkith rcfclcice to gcneiic IesOlcs Of.l )robletiCtls illc2plati. 11tld sotic Ibreeding
 
irocedttelsrC, ai discsIsCd.
 

.,\s lelcitiolled above. to control Fitsariinll Will and baictC'ial 
 Will, S. intV,'ri/6lioo, w\as 
Ittrnd to b effecCtivC as a resistant rootstock il tile ]195().. (irahin wkith .'. intcri/b1/11111 was 
55 idespread in the region cultivating eg p]lant (Yanmakawa I978: Mi/u, i)CitSt1ll11 collllitilli
calitlt. his ltock has. toss evelo. toletance to bacterial wilt aid lio resistance to 
\'eCrticilliuinl wilt. alld moe tolerant stocks have been exlpected for a lono timc. 

B reeding of"( )kitsu 1,2' 
Nalive varieties of c gplant were screened tor resislace to Iacteriil wilt by Kageyani 

I<5t(tand it \as clear that '"'aiwan-Naga' was the most resistant of 24 varieties (Table I 
It was said that "Faiwanl-Naga' was introduced f'om Taiwn and that it was a variety 
CultivaiCd inl solhCn (Chila.Kolani t al. (1964) made hybrids between 'Taiwan-Naga' ald
 
Nakailc-Shinkurto' for selecting resistant lines. Through the pedigree tests 
 the genetic 
bcl\ io lr f resistalce \was sucesled to be controlled by polygeties. 'Okitsu I and 2' have 
beCLn as itcsistalit liltes to bacterial \wilt (Table 2) and are suitlable as the rootstocks (Suzuki 
ct;if. I904; Kotani cl al. I 64 ).'lhese lites a- susceptible to Verlicilliutni wilt, FIsariulm wilt 
iltl t oIkllo ioctlultodc. 

I , fulness of .'S.lfonln as a resistant stock 
. n m IdI Ita1e il mi liar 't,'t ioi'H 5I.,,i', ai t ti otockS fO'f fa.i1et's. built.Iheyare not resistant 

' JP i.Lw i'i 
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rAI. F I Resistance to) bacterial %siltof eggl)lant arities. (Kageyama 19)11 

Varic. 	 R )- Variely R I) 

.I. K ,i/. a-1lietam jrIasIki 9'41( 3. FLjsan i-(lui2wa 91% 
2 ()k itu 73 14. ldo-jusanari 45 

(M.)kit1'H h 64 15. ()ohos,hi 10
 
4 ( ,kit~ii 21 1001 16. larinia 82
 
5. Nakail-,hinktilu I1)0 17. t- 5 	 91
6. shiim-Y;aiasllho 1(( 18. 1 OnilmaiL 	 55 
7. 	 ttl kou 1(00 1). Kurtic- NIi 73
 

S a. II 2). 1lakat -NallI 55
akal:i ()ka 	 91 
0. ( )osaka ('Ihiiiia 64 21. Tlman-Naoi 0
 

1) K i aiio-Nakale 91 22. I)aken-Noai 91

I1. Kiti 100) 2.3. ,,urullosti -Scinnri 73
 
12. i;isliro 	 100 24. Nasliino-Naga 64 

No. of plants damaged X 100' R l1 =Raieu of dtaniagedt pla'ntS) =X 	 I11) (I,4 I 
No. of plaids ltestd 

TAIIIE 2 Resistance of Okitsu I and 2 to bacterial willt. (Kolani e al. 1964) 

I:11d of August 	 Middle of Sept.
Vaiiety_ ... 

I i)l"P 	 DI 

I. ()kitsu I 	 85 13 65 26 
2. ()kisu 2 	 95 5 65 19 
3. Taiv:n-Naga - - 87 5 
-. Nakate-Shinkuro - - I0) 

Noof healthy plants 	 Y_(Disease index x No.of plants with Ihe index)I',= 	 x 100(74) Dl= - ... x I00(; I
No.of plmnts tested 	 4 x No. of plants tested 

)isease index: 0: heialthy - 4: damaged and (tied 

to Verticillium wilt or to roolknot nenatode and have low tolerance to bacterial wilt. In 
NIVOT the screening tests of rootstock varieties to sonie diseases were statted by 1977 and 
a 5. trvull line trom Puerto Rico was highly resistant to Fusarium will and more tolerant to 
bacterial will, Verticillh int will, and roolktio nematode than S. integri' iuu, (Table 3) 
(Yaniakawa and Moclhizuki 1978a.b). This line was registered as a new roolslock variety 
"Torvutin vigor' and widely distributed 1o C02i1)]l1tll UtOWCrs. 

Breeding ol Asisl'. an I"Fctltiviar cross of S. inlegr/folium i11d egglpllallt 

It is reasoliable that native cullivIais of tropic'tl c0otnelris have resislance to bacterial will. 
Blec.lat it is hot and hi'hly humid ild sutiiable fOr lil' bctCria.i, sOlanacttus vcgclable,s 
resistant ho bacterial will nlihl be selected arlificiallv and/or natilurally. Nath (1975) in India 
reported that D1ingaras Multiple Purlet !I)MP) introduced frotm tihe Philippines. was highly 
resistanl to baclerial wilt. In NIV()T Nath's variety w.iS inlroduceCd in 1976. Y .miakawaand 



( SoL.ANA( '1i() IS \iHiI 

TABL. 3 I)j1 1e ofhuln,, sl). h., hdcterial ,, ill eers en dis. (Ya makava & Mochizuki 19781 

Rale of,tillnagcI plainls 

W11.1 R FS )1X<\ i I.\IS I R I( ;(1'I.ANI IRlIlD IN; 103 

Sp.'.I tix 

V31 VIi l2 .VLd \lO ) VI20 VII30 VItI) V1lil V1I129 IXX IXI8 

, " 6 13 25 31 38 63 8)8 94 94 I00 100 100 
'+on//olum 

\, ;,,vum 
0 

0 
0 
0 

0 
0 

0 

0 
1() 

I) 

60 

0 
60 

0 
)0 

( 
100 

0 
1I) 

0 
I10 

0 
100 

0 
S ,' illM 

,'ri0lIium 
0 
0) 

D 
0 

0 
0 

0 
( 

0 
0 

0 
50 

0 
I1)0 100 

0 
100 

) 0 
100 

) 
100 

Mochi/.uki (1977) tested the resistance to bacerial wilt with some introduced eggplants and 
relatives and verified that I)MP was the most resistant ([able 4). The fruit quality of I)MP
is not acceptable to the Japanese and it secmed that I)MP was a good iaterial for hreeding 
rcistant stocks. F, between S. iMe'rifldiwn and 1)MP was Iesistant to bacterial wilt and 
Flsariurn will and registered as "Asisi' in 1983. NIVOT now nses DMP I'r parental line to 
breed eggplants resistant to bacterial wilt. 

S..It I, 4 iai es for ba terial wisil.Screening of ntrod aiced eggl)lats . t rela Ii IYamakavsa & M oct iz uki 
1977)
 

( olIt)ll1 Specit's or 
No. Variety I 5 9 I I 5 9 13 

1. L.S 207 S. gio 78 56 34 0 13 32 52 83 
2. 21) NI t10) IIf)00 100 97 0 0 0 I 
.. 217 . imwami 59 41 22 0 23 50 71 95 
-1. 233 Big si/e 72 66 63 34 14 28 34 51 
5. 234 Jurnka- I 84 63 59 34 7 32 40 49 
0. 23,5 Junika-2 81 69 59 31 10 26 35 52 
7, 236 S. spp 81 66 53 19 7 23 39 59 

S. ('hcck- I Nakale-ShilkO 25 3 54 929 0 88 98 
(heck-2 l'aiwan-Napa 91 78 78 69 6 15 16 21 

Figures s1how the date ill June. 

TABLE 5 Relationship helween hosts and pathogen. (According to Ozaki & Kimura 1986) 

(tup No. of S, mifelong'ni S. manlmiloslalm S. intlegr~pifitIio S.lol'voll 
,atoples (cv. Senryo 2) (cv.Torvum vigor) 

1) S R R R 
I) I S S 
 R R
 
ll 3 S S
S R
 
IV 3 S S S S 
V 3 RS S R 

S:St hCclihtlC ard R:Resistaull 
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Use of S. incanum to resist Fusarium wilt 
S. it 'aiumis the closest relative to S. mcon gena(Rao 1979) and can be easily crossed with 

S. fmlen/ollga. It is said that S. im-U'1nui mllly be the wild type of'S. melu'Ion elnta or that it may 
be a v,rialt of eggplaiit. One line o1 .S. icaraan introduced from India was resistant to 
I:lsar-i till . ill. IFttm tile bIckcirossed popu lilt ihu of (S. ic'/ontiena'x S. incanurm), several 
lilics wer'C SelectCd as resistait to Fusarium \wilt (Komochi and Nishio 1984). Further 
iilvecstigatill is utmld.rv,,lv. 

'athIOgelic grup)ls ii' I'seudomonassolahnacearum 

)/aki tti Kittra ( 1t)98) have studied i!lot1pines of bacterial wilt. They collected 29 
plants daliaged b\ bacteriafl wilt, 12 of which were eggplants, 12 tomatoes, 4 peppers, and 
I p tll. IBact'leria %keteisolated and thlen illoculated into the four species S. ,rn'longe'na, S. 
IM11tft1t1110l. S. ill1, rib dlit;n a ilS. torvturn. According to tile difference of pathogenicity, 
fi\c' pathtuigeltic groups \,ere classified as showtn iii Table 5. From tite results, it seems 
restiable that S. i,'in,r/oiit\,as used for resistant rootstock to bacterial wilt and that in 
soie lei-lon, it was :usceptible. Now S. torvtln is the most resistanlt stock bt it is possible 
that it \,ill be daMaged b new grouip suchias .goLtp IV. 

,Joint research on biotechnological dev'eloplment of'tropical microorganisms and plants 

.hoiil research, spolsored by the Science and ''echiology Agency of Japan, was advanced 
forthree years and ill N IV()T the ,oinl Research on Collectioi i:11d Utilization of'Solanaceous 
Plaiits ,its starled with the Mzaaysian Agricutural Research and I)evelolilellt Institute 

IARI)I (Koolnchi 1985: Sakal 1986). Three collection trips were iade to the areas 
shiowtn iti Figure I. There were 17 collection locations. The list ofcollected species is shown 
ill Table 6. Tlhe collected seeds were sliaried between MARI)l al NIVOT. 

IA i.I , 6 Numbter otf lines oftsoltai aN1.yausi.ctouis ptaits co lettd in . 

SJWCWIlt, t1984 1985 1986 Total 

S. mell' u,'n' 20 21 10 5t 
(C'pxi 1n) Splt. 44 15 14 73 
L. ' (uh111'rnwu 3) 9 21 60 
SO'/laum SIT. 81 40 18 139 

tthcrs t 2 0 3 

tlal 87 326176 63 

Iti 1986. Sakata et al. screened for resistance to Verticillium and bacterial wilts with S. 
lt ''lnt lines and some rootstock cultivars (Table 7). It was clear that ihere were varietal 
differeices of resistance to 'erlicilliumdahliae and Pse'euhunmas so1awcarium grou ps 
al1iltg the tesld liies. Tbese liites Will be useful for breeding new rootstock cultivars. 

In 1986 screening tests of' Verticillium w\ill were doile with S. mehl(ogent(. S. ilulmanm and 
. 1ir 'able 8 ).There were it resistait cilt ivars (ifS. mhmtclt'mum aM S. in 'anumm, biUt there 

weie resistait lilies of S../croX. Ill this cxperiilnenlt S. mm'/ougtlqCm aild S. in 'anum could not be 
diffcrentiated, because the two species were \cry sitilar.Tests for resistance to bacterial wi It 
are beiitg cotiducted at NIVOT. 
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THAILAND 

MALA) SIA 

0 1M0 2MX 

(kin) 200 4M 

SINGAPORE (kin) 

FIGURE I Points for collection in Malaysia. IKomrochi 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 
introduced from the New World, but eggplant originated in tropical Asia. So it is likely that 
there are many resistant cullivars or relatives that have been naturally and/or artificially
selected for resistance to bacterial wilt or Verticilliun 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 
cultivating eggplant. The lethod should be reciniiended to other countries. 'Torvun vigor'
is a resistant rootstock, but as shown in Table 5 it is susceptible to pathogenic group IV. It 
is interesting that there are some differences of resistance to bacterial wilt between native S. 
torum lines. Although resistance to bacterial wilt is controlled by polygenes, it is useful to 
breed a new line of'S. torvun 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 tile resistance of pepper and tomato has not been discussed. Their diseases, 
however. are as severe as those of eggplant. In tie IBPGR movement many genetic resources 
are being gathered up now by many scientists, but further surveys and germplasm exchanges 
by researchers may be more important. 
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TAIHE 7 Screening of S. tort'umn linesbor liI diseases. INarikawa etal. 1986) 

VerticulUllmn "It Bacterial " il 
Collection 

No.5 " No.41 Ii,, v\
No. 

)1 (A D1 DI 

{.m.hHlIIIII )
 

I. L.S1843 0.84 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 0.58 0.71 0.25 1.01 0.25 0.86 
5. 1898 1.44 0.75 0.55 1.14 0.25 1.50 
6. I)15 1.16 0.51 0.15 0.52 (.45 0.75 
7. 1921 0.65 1.28 0.25 1.41 0.27 0.82 
8. I922 .00 0.45 0.25 0.73 0 1.00
 
9). 1928 0.90 0.47 (1.25 0.97 - 

10. 1947 1.26 1.14 1.3(0 1.51 0.24 0.28 
II. 1948 1.15 0.68 0.35 0.69 0 0.46 

12. 1955 (.17 0.72 0 0.6(0 - -

I?,. 1957 (.37 (1.77 0.30 1.03 0 1.64 
14. 1964 0.5(0 0.49 (1.15 0.62 0.29 (1.54 

' 
1. 1196 (.7(0 (1.61) 0.35 1.19 0.14 1.42 
(0. 1783' 0.80 0.72 0.30 0.85 0.27 0.83 
17. MT1-7' 0.85 1.0(1 0.25 1.10 0 1.25 
Whecks)
 

I. TorLum Vigor 0.90 0.70 0.30 0.66 0.27 0.88 
119. Mcet 1.25 0.73 0.89 0.49 0.08 0 

21. "aibyo-VF 3.16 (.38 1.85 0.59 - 

21. Asisl 1.8(1 0.58 1.84 0.39 0 0 

22. I) M 1) 3.94 (.(18 2.55 0.29 (.23 0 
23. Nakate- Shinkuro 3.85 R0.10 1.0 0.59 2.62 2.1 

CoillclioI Fresh weight of inoculated plantNo.inNIVOT. 
Pathogenic group by Ozaki & Kimura ( 1986 . Growth Index = 

Fresh weight of ntn-im)culated plantI)isease Index. 
S. torItum introdtlucetd trouImolher counlrics. 

"iAII.E 8 Screening ofS.melongenaS.incanurn and S.ferox for Verticillium " ill. (Narika~sa clal. 19861 

Test I Tesl 2 Test 3 
(oill.No. No.5 No.41 Coil.No. No.5 No.41 Coil.No. No.5 No.41 

IS 1851) 3.8 3.9 LS 1884 2.9 3.5 LS 2216 4.1 3.5 
1860 3.2 3.9 1896 3.5 2.7 2209 4.0 3.5 
1883 3.5 3.9 1942 0.3 (1 2219 3.3 3.3 
18 1I 3.8 4.(1 2014 2.6 1.8 2223 3.5 2.3 
I02 3.7 3.5 2240 3.2 3.0
 

19(3 3.3 3.3 1953' 1.0 1.7 2242 3.5 3.6
 
1907 3.3 2.2 1954a 1.6 0.9 2254 3.6 2.3
 
1l9(0 2.3 2.4 1956' 2.3 0.4 2262 3.3 3.7
 

1911 3.4 3.9 1958' 2.6 0.4 2263 2.6 3.2
 
1913 3.5 3.8 1959' 2.3 0.4 2271 4.0 3.5
 
1931 3.4 2.9 1960a 2.5 0.5 2280 4.0 3.0
 

1934 3.7 3.3 1961P 2.3 2.1 2281 4.0 3.7
 

1949 3.3 3.3 1981 2.5 2.8 2282 4.0 3.8
 
1951 3.3 3.1 2284 3.4 3.2
 
1)98 40 4.0 2287 3.5 3.7
 

19)9) 3.4 4.0 2288 4.0 4(1 

"S,.
ir,..
 
S.meongea and S. iII1IJPIuPmcould not be distinguisled. 
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CIHAPTER 21 

Potential use of' Korean filbert (Corylus spp.) landraces 

Inheritance of several characters in cross combinations between
 
the Korean native illbert strains and introduced cultivars
 

IYIN-\() M() (If0 

,lost \%orld-\%ide cultivars ot the filbert have been bred by selection from the European 
Species (C. an-elaall. (. rIlalma and C. ate'ICanai arid the crosses among these species.

lire most valutable lIhese cultiv'ars originated mainly froni C'. are/lhaa which has a large 

kernel aid higi qual i. 
Ile'+ er. rhee eutlti,.ars are 1t coid-resitaitl betlcaus hey hav,- heern doriesticated ald 

adptelCd il rcgion', haI rM rild vinrtns and uniform rainfall rhroughoLIt the year. 
l)Or'Aij.' cultivation of (" i'el/,,mn-ori inatCd cuihivars in Korea since 1974 has led to 

cold damiage il tie trees durirrg s,inter and corsequrenrt abuormual flowering and fruiting lue 
ho it. 

A.rlltmh l'ilberls are now cultivated itl I()countrics or muore. research on the genetics and 
breedir, ia,, 1tt bee I C')rrSpitittlS. 

The ruainr cultivars are s ill eorrfired to the selection of nat ive cultivars or chance seedlings. 
enelic St udies arc also limited because tofselfard crtoss-ircorripatilility in tie filbert genus. 

Accordilre tolThtipsoi ( lphytit a 1977. 26.465-474 ),the characters ot nut weight. kernel 
ratio, lellice fibre, shrinkace of kernel aid rmiiriber (hI nuts per cluster arid so on, except for 
husk ICrrglh, had high correlation betwen progeny Irrean and mid-parent value inl genetic 
stird of, tile cultivars originaedl Iori0 ( ".ardf/a. 

TlItirIpSOri alsto assumIed thai lreir cerelic nrechIanrisrr wits due fr tlre additional action Of 
pol gcnes. 

lIiS study waS. caTrfied out to clarify the inheritance mode of norphological characters of 
nut. diease resistance and cold hardiness, irr cross progenies, of which maternal strains were 
( '. hicrtanliv//a F.. a native of Korea. and paternal ('. arellana introduced ffrom abroad. 

Materials and methods 
['iunsri Ni\ Al.l sr\I .Ri\xIs 

l\periental materials used in this study were obtained from crosses between Korean 
ative fiIbert a1rid Itr'ipe a n ones from 1976 to 1978 (See Table I ). 

Al tihese materialIs were planted and nanaged in the field for filbert breeding in the 
I lorticultural lIxperiment Station in Suwon, Korea. 

I ,vI S I I(i \ I I(IN \11 I1()w 

N'f lntirai h'r-s 
a) 	Nut i'ivght - This signifies mean weight o one hundred nuts sufficiently dried after 

harvest and wasirmeasured by ).01 gUnit. 
h) Vut / ',qnll (andditlate' - The meaning is the samie as the case of'nut weight. Maximum 

%alue of rrut length and diaireer, was measured bv 0.). 1cri unit. 

'"
 "
 
A -AI IU ' "V 4 .. + "' ls+ .. .,.. ""+ 
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TAII.E I Number of irogen. in 13 Corylus crosses. 

No. (.'ro Number of progeny 

111:-2 - ButeIrI 31 
2 11F-2 x Barcclon, 4 
3 I IF- 13 IarceoIna 39 
4 11F-I x.Fit'ii 18 
5 IIF-2 x Bol ill r 31 
0 t1F-I x Bollwillcr 12 
7 1IF- I x Royal 1I 
S IIF-322 x IIF-605 18 

IIF-501 x IIF-605 17 
I0 tlF-237 x IIF-803 13 
11 IIF-16 x IIF-803 16 
12 IIF-I x IIF-803 16 
13 1]F-I x IIF-13 17 

Total 243 

KermI ch'aracters 
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. 
C) Fibre Wlount attachedto pellicle - This was classified into 4 grades: 

I nIone 

2 a little (small amount) 
3 niedium (moderate anounlt) 
4 aibundanl (very niucih). 

d) .Shr/inae ol'kernel -This was classifield into 4 grades: 
I never Shrunk 
2 : slight (or a little) (snall anount) 
3 : nmediII noioderate anlo inl) 

4 : cxtreiely shrunk (very much). 

Husk length 
This was classified into 4 grades: 

I shorter lhan three-fourths of nut length 
2 either longer or shorter than nut length by a fourth 
3 : longer than nut length by a Iurth to three fourths 
4 : longer than twice nut engith. 

IiseaMe resistnce 

The degree of susceptibility was classified into 4 grades: 
The rate of infccted leaves is 25c or less 

2 ; The rate of infected leaves is 26% to 50% 
3 :The rate of infected leaves is 51% to 75% 
4 : The rate of infected leaves is 76X or more. 

Cold hardijnss 

The decgree ofchilling injury in experimental trees which encountered very low tempera
lure of'-24.XC"on 5 January 1981, was classified into 4 grades: 

http:of'-24.XC
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IU dalOtJiilie 

2 catkins %lerekilled
 
3 catkins and tw ies were killed
 
4 tile.hole tree ,,,as killed.
 

lis \ a,classified into 5 grades: 
I: ruited in threee-\ear old tree 
2 fruited in f- ear old tree
 
3 :r1ited ill tie-ear old tree
 
4 fruiLCd in ,i\-to seven-vear old tree
 
5 1ruited in,bo\ e eight-vear oIL! tree.
 

Restills and discussion 

('i \('11 (IICSI.\I'51IS .1. SIRA.INS OR (TI.rlVAIRS 

The main characteristics 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 t~vpes with heas'v nut and kernel andl long ntn1tengt]h and diameter but also compara
tivel\ auilndant in fibre aniount altached to pellicle and excessive in kernel shrinkage. Arid 
lhey appeared 1t be resistIant 1t anlhrItcnoSe hut not resistant to powdery mildew. They were 
also weak ill piecocity.cold hardiness and late ini 

()n tihe other hand the native Strain, of IIF1 1.IF-2. I IF- 6. 1IlF-237. 1]F-322. 1I1-501 
IIF )5 and IIF-Xt)3 were moSl\ small fruit ones and with little fihre attached to pellicle and10 

loss kernel shrinkage. It appeared that they were resistant to powdery mildew but not to 
anthraciuose. As to cold hardiness and precocity the\- were strong and early. respectively. 
lable 3 indicates the means and tile standard deviations in the investigation values for all 
characters according to cross combinations. 

(IAl:l1IIC VAIATION O)FIMIP(R IAN] {'IIARAC+I FRS IN CROt(SS IPR(iNY 

Nut hice~ 

a) 	Nut wieight - As shown in Figure I the distribution of' nut weight of cross progenies, in 
3 combinations such as IfIF-2 xButler, I IF- I , Ennis and I IF- Ix Bollwillcr of 7combina
tions between native strains of' small nut and introduced cultivars of' large one, the 
f'reqlulency of individualsabove mid-parent valeti was high, but inthe other 4 combinations 
tle tendency was opposite. Thereore no regular iendeicy ilithe inlieritance of nut weight 
appeared. 
I however,in5 of 6 cross combiinatiois amon native strains the I'retftencv of individuals 
below mid-parent value was high. Consequentlv the appearance of individual lighter 
vaIutes had a tendencv to be more Ireqte ill. 

h)	Nut h'nyth -- The distriblution of nut Iergthi in cross progenies is described inFigure 2. 
Ii 4 of 7 combinations beisseen native strains and introduced ctrltivars the number of 
individuals above inid-parent value in iLtllength was Overwhelhing \ hile in the other 3 
colibilralioiis the individuals below iiid-parent vale was prevalent. All the 6 colilbinia
tions aiorngutive strains show\ed tileprevalence of tileindividuals ahove mid-parent 
value. On the whole, tIlef'requLency of' the individuMls above the uid-parent v\alLe ill mUt 
length tended to be a little high. 

c)	Nut dilju'tc,'-- As shownr in Figcure 3,the distributtion ofi nutdiameter in cross progenies 
did riot show aregular trend. I1 3 of'7 coniinations hetween native strairis and introduced 
cullivars tie individuals above mid-parent value appeared more frcquently. while in tle 



TABLE 2 The characteristics of 14 Corvlus or strains used as parents. 

Weight Kernel Nut ResistanceCultisvar 
-Number ofor strati Kernel 	 nuts per Husk Powder. ColdNut Kernel Fibre Shrinkage ratio Length Diameter cluster length Anthracnoe mildew hardiness Precocity 

Barcelona 2.52±0.11 I .(X-(±.()9 3 2 4012.1 2.311±0.03 2.5(H-. 12 2 2 2 4 4 5Boll%%iller 2. 9+11.14 1.07+0.13 4 2 411:2.6 2.20:O.(4 2.10l10. 14 2 3 2 4Butler 2.52=-0.16 1.12±0.15 3 2 45±2.5 2.l1(H-).03 2.2 .2 2 2 2 4 
5 
4 	

5 
5Ennis 3.36-1±.13 1.4S--0.12 4 4 44±2.9 2.4-0.06 2.30+0.19 2 3 2 4 4 5Rosal 3.2-10.20 1.34±0.17 4 3 4112.1 2.310-.02 2.301.22 2 3 2 4IlF-I 1.7(±O. 15 0.63_+0.09 2 1 37=1.7 1.20:1O2 1.).I1 2 4 

4 5 
5 2 111F-2 1.64:1O.21 0.58±0.112 2 I 35±1.8 1.210-f).02 .80-0.13 2 4 3 2 1HF-13 1.5,10.23 0.54±01.105 2 1 34+1.9 1.210±11.13 0.80±0.15 2 4 2 2 1 1IF-16 1.31:0.09 0.54+0.06 1 1 41±2.1 I.1111±1.02 1.6(--0.16 3 4 2IIF-237 1.66±!1.10 0.75-1.06 3 1 45+2.3 1.(X)±o.03 1.10-0.14 3 4 2 

2 1 
2 1151Ft-322 1.1131O. 1.49)0.09 1 1 411±2.2 1.20-1.04 1.10-0.12 3 4 4 3 1|IF-501 1.11-O. 13 0.48±0.06 2 1 47±2.0 1.2010.03 1.40±+0.13 2 4 2 3 1 1IIF-605 1.58±11.1( 0.59±0.07 I 1 37±1.3 1.20±0.04 1.30-0.15 4 2 4 2 1 1IIF-X03 1-74-H.20 0.69±0.05 2 1 40±1.2 1.80±0.05 1.90-0.17 3 3 3 2 1 1 

TABLE 3 Overall characteristic analysis of 13 crosses of Corylus cultivars or strains. 

Weight Kernel Nut Resistance 

Kernel 	 Nuts per Husk Powdery ColdNut Kernel Fibre Shrinkage ratio Length Diameter Cluster length Anthracnose mildew hardiness Precocity 

HF-2 x Butler 2.47-1.62 1.02±1.26 2.41=0-.70 2.73±3.14 41.29± 4.63 1.79±0.301 1.63+0.23 1.75-1).47 3.41+)11.61 1.16±11.36 1.29±0.45 1.09-0.29 1.25+0.50ltF-2 x Barcelona 1.97-11.53 1.15-+11.38 2.25--0.43 2.50±,0).50 44.91± 2.83 1.47-0.28 1.24-+.35 2.36±.35 3.25±0.43IIF-13 x Barcelona 	 1.0 1.50-±0.50 1.00 1.25-+0.431.74±Q1.59 0-.71±1.28 3.110-1.03 2.71±0.98 40.40± 9.88 1.61-0.2S 1.51+11.28 2.33+11.55 3.66±11.52 1.23±O.52 1.56+0.67 1.07±0.26 1.28+0.55HF-I x Ennis 2.55±1.14 0.88-(±1.31 2.72--0.93 2.83+0.83 
HF-2 	

36.76± 7.910 1.90±0.48 1.82+0.4S 1.96±11.65 3.55+11.60 2.87-0.94 2.33±+0.57 1.05-+0.22 1.16-0.37x Bollviller 1.481±0.54 0.61:11.37 2.381-0.82 2.32±1.69 37.39+ 5.17 1.51±0.21 1.41±H-.26 2.08-.69 3.480.66 1.22-+0.41 1.47±10.54 1.03-+0.17 1.19--0.39HF-I x Boll%%iller 2.6-10.46 1.05--0.43 3.66±01.62 2.581-0.75 39.39+10.85 1.90±1.19 1.47--11.21 1.97+.48 3.33±0.62 3.50-10.50 1.5"050 1.08+0.27 1.25--0.43HF-I x Royal 2.28--11.73 1.03±0.33 3.27-1.21 2.3611.64 44.32± 6.92 1.79-0.42 1.49±).32 2.44+0.50 3.72±11.44 2.1111±1.42 1.81-1.71 1.09-+0.28 1.36-0.64HF-322 x HF-605 1.03-1'.25 0.42±0.I0 3.11=0.73 2.22±1.41 42.00 7.42 1.3811.l1 1.24±+0.17 2.66--0.71 2.77--11.62 2.15-.62 1.72+D.44 1.16±0.37 1.05±0.22HF-501 x HF-605 1.46-10.35 0.72±0.17 3.52--0'77 2.29-0.74 49.93± 5.67 1.54±-1.29 1.38-+.19 2.35--o.53 2.41_1.77 1.1710.3m 1.88±1.32 1.05-10.23 1.05±0.23ttF-237 x HF-903 1.30(0.21 0.62±0.11 2.X)±1.67 1.61±0.4S, 47.81± 5.28 1.53±-+1.1S 1.27-10.211 2.11±11.481 3.31H±172 1.15_H.36 1.23-0.42HF-16 x IIF-8103 1.16±-.26 0.47.13 	 1.07±0.26 1.15--0.362.62±0.78 2.1X1 41.44± 7.57 1.36--.19 1.17-10.19 2.65--0.76 3.37--1.1,5 1.18+0.39 1.181:11.39 1.18±0.39 1.12--0.33HF-I x HF-8113 1.35--0.42 0.54-±O.19 2.93-11.82 2.18-+0.52 410.51± 4.62 1.56--11.25 1.23±0.20 2.29-±0.61 3.31:1.014 3.31±.5S 1.31±41.36 I.O6±-1.24 1.06±).24HF-I x HF-13 , 1141+11.1201.95-+.1 3.23±-0.80 2.7011.74 43.16± 5.15 1.1111±11.171.25-10.17 3.27.I.Sx 3.82±01.38 1.35.5 (15-I.O0.23 1 1-11.32 1.11-0.32 
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FIGURE 1 Distribution of nut weight in 13 filbert crosses. 
-s- : progeny mean and standard deviation. 
Vertical dotted line indicates mid-parent value. 
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FIGURE 2 Distribution of nut length in 13 filbert crosses. 
-o-: progeny mean and standard deviation. 
Vertical dotted line indicates mid-parent value. 
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other 4 couibiiations tIe individtlas.,below iid-pltreI value appeaired fMore frequlentlv.Il 6 ,coIlIbhinI.ioIls +Ul+On' na i \'est rains there \ere 
v, 

co IIb iIaI ions ot which proceny meainas slightlv "eIater ta Illid-parent value and I Conibiiiation of ,hich progenty mean wasmtc'hI grelter thaIl midl-parent value and 3 -niihii+atiolls of whi, Iprogen mell Wtssriiallert hall mIIIid-parent valtIle.On the vhole it appeared that individual, below mid-parent
\ IlIe illntl (lialeter \were liII'c freqILeII. 

t)KCrn!'l ''ci,Ith - As to the distrihution of' kernel weight in 7 corubinations, hetwenative strijis and introduced cultivars, inl 3 conhinationis the frequtency Of ildividualsbloss mid-pareiIt value was high. Ilowever'. there was I Comjhin.tiaton il hich the 
prtog.e nv mean was greater han ilid-plrent value and 5 combinins in h'chl Jrogenmean was smaller than llid-IIr-elt value in 6 comhinal ionls,ailoi natie staisi. lhereCfore. in tie case oflkernel weight the trait of 'small kernel appearCd to he dominant erCie
action to that of large kernel (ligure 4).

b)Kernel ratio _-.The distrihtlion of kernel ratio illcross p'ogleiec s isdescriled in Figure5. In 5 ofl'7combinations het\ ecu +ative strains and itrodlticed Cltival\rs. tie frequencvof individuals above rid-parent value in kernel ratio was Iieh while ini the other 2eombinations the frequency of individuals belo\ mid-parrrt value \was hieh.And 5 o'6 conbinations among native strainis showed tIleirv\alerce of tIle iuldividutlsalos e Iliid-parerit value. On the whole, it appeared that tlre individuals above rid-paLrent
\alue in kernel ratio were more frequent.

) nnu (/f'at'hed te//ir/c --- The dislihtbut I"fibre at thred t PCllici ill r ss
progeics is descrihed in Fi gre 6. In 9of 13 combinalions conl;rining 4 ol'7 coiimiorishetween native strainls with a little fiblre and iltroiledc-tivars with riruclhfibMr, arid 5oi 7 comhinations among native sraills the frequency of irndividtals ahove iiiid-prrelr\alule in tileirionit of fibre attached 1t)pcllicle was hiIgh. Therefore. in thIs Case., tie

domruin ant gene leads t much fibre.
d) ShrinkA~,e l'Aocme, --- As shown in Figure 7,iinall conIrinaihois tIe frequency ofindividuals ahove ntid-parent value (more shrink) in shrinkaoe of kernel appeared itiorefrequently. Therefore. it the case of shrinkage (f kernel the trait of more shrinkageappeared to he the dominart gene actilln over that of little shrinkage. 

,'uimher oif uts per cluster 
As shown ilFigure 8, the distribution of number of ths per cluster in cross progenies did
 

nit show iregilar trend.
 

H/usk length, 
As shown inFigture 9, the distribution of husk length in cross progenies did not show i
reular trend. For example. il5of 7 coimbinations between native strains Milh longer husksaid introduc ed culiivtal's with shorter one. tle frequency of individuals withliusk longer than
inid-I -arellt vaIIue was 
pre "alent, but contrarily ilall 6 combinations aniong niative straillswith longer husk the disiribution of iIdividtuals with hursk shoirterthan lid-par.u-elt va'lie wsi 

overwhillilln,. 

Disease resista'e
 
As shown inFigures 10 and I I. the frequency of individtuals more resistant to anthracnoseand powdery mildew than mid-parent value was overwhelming in all 13 cotubinal ions.Therefore. in the case of these two diseases the trait of' resistance appeared to he doninant 

7Clio ae'tioll over tha1t of suscepItibility. 
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FIGURE 3 Distribution of nut diameter in 13 Filbert crosses. FIGURE 4 Distribution of kernel "seight in 13 filbert crosses.
-e-: progeny. mean and standard deviation. -0-: progeny mean and standard deviation. 
Vertical dotted line indicates mid-parent value. Vertical dotted line indicates mid-parent value. 
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Distribution of kernel ratio (%) in 13 filbert crosses. 
-o- : progeny mean and standard deviation. 
Vertical dotted line indicates mid-parent value. 
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Amoun-of fibreon pelhl,,I 

Distribution of amount of fibre on pellicle in 13 filbert 
crosses. Ratings for amount of fibre on pellicle: l=none, 
2=small amount, 3=moderate amount, 4=verv much. 
--e- : progeny mean and standard deviation. 
Vertical dotted line indicates mid-parent value. 
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Distribution of number of nuts per cluster in 13 filbert 
crosses. Ratings for number of nuts per cluster: I=mostly 
single, 2=most!y Is, 3=mostlv 2s, 4=mostly 3s and 4s, 
5=mostly 4s and 5s, 6=many -Awith 5. or more. 

: progeny mean and standard deviation. 
Vertical dotted line indicates mid-parent value. 
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Distribution of husk length in 13 filbert crosses. Ratings 3 4Lnc 
Anlhr,-.eFIGURE 10 Distribution of anthracnose resistancefor husk length: l=less than 1 nut length, 2=±'/. 

in 13 filbert
length. 3 ='/, to '/, longer than nut length, 4=twice length

nut 
of crosses. Ratings for anthracnose resistance: I=less than151/ (f leaves infected, 2=26-50% of lea'es infected,nut, or larger. 2 5% of lea es infected,2 =6---n0--a- : progen3 mean % of leai eand standard deviation. 

3=51-75% of leaes infected, 4 =more than 76% of leaveVertical dotted line indicates mid-IParent value, infected. 
V-: progenyVertical dotted line indicates mid-parent value.meanend standard deviation. 
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('old hardines.s 

The dist ribulion 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 

cnllivars %ith relativelv lowercold hardiness, the fr"equency of individulals hardier tlhan mid
parent Value was from 8 1 'i,, to 1(0W; .Therefore, in this case the trait of hardiness appeared 
1t he 1110domuinant cene action over that of stisceptihility. 

Thc distribution of precocity in cross progenies is shown in Figure 13. Inl all 13 corn
hilliionSt lie frequiency of individuals witlh 1orV Precocity than iid-pare1t value was 
overwhelming. All the native strains have high precocily hearing nuts in 3-4 year old trees 
even i case of seedling. To tilecontrary. most o1'khc introduced cU ltivars bear nuts very late
 
in 8-year old seedlings.
 

Inall combinations between native strains and introdnced cultivars in thisexperilenlt most
 
ol the cross progenies bear nuts ill
5-year old trees. In addition. there are about 73-94% of'
 
progenies bearing in 3-year ol seedling. Therelore, in the case of precocily the trail
of .-arly
 
bearing appeared to bc dominant gene act ion over that of late bearing.
 

S nmarn 
The iain introduced cultivars have been derived from C. avellana because of advantages 

of large nut :tld good quality. 
In Korea, however, normal fruition and reasonable yield in introduced cultivars cannot be 

Cx pected because ofdalnage to the Iloral organ by low temnper"atures during the wi liter season. 
Oil the other hand C. Ieteroph'llaF.and C.I'ierop'laF.var.t,tihil'rtgii B., nati ves of Korea 
Ia e some advantages of cold-resistance and precocity inIhat three-year-old seedlings can 
bear nuts, even though the nuts are very small. 

(enetic relationships were investigated by comparing the distribution states tiefeach char
acleristic measured in cross progeny with iiid-parent value ol corresponding characteristic 
in 7colmbinations in which C. h'u',rphvlj\lah F.and C. liv't'roplillaF.var. tlhnbeir,ii B.were 
used as femiale parenli and C. av'I//ani as pollen pareit and in6 coiiniiations among strains. 
indging f'ri)mlie above results tile COtlchIsions about 1111tweighit and dIianeter of itll 
characters were not clarified, while in nut length. long nuts appeared to be more or less 
doninant over short nuts. As there were some cross combinations in which individuals above 
Iliid- pa re lit value in 111t1size always appeared more f'reqtuently, tie importance of parent
selection \\as recognized. Light kernels appeared to be slighltly dominant, \hile in kernel 
ratio. high ratios were more or less doninant. In respect of fibre attached to tilepellicle and 
shrinkage of keriel. ilmportanlt factors affecting litit ujuality. abulidant fibre allounlt ail 
extremely shrunk kernel were dominant. respectively. Inthe genetic Study with 11tit weight. 
kernel ratio, I'i and shrinkace of kernel in cross combinalions bel ween lie cutliivarsbre amounlt 
derived froln C.maxima,. Thompson had reported lhat cross proelenies ill lost combinations 
w\ere coicelitrically distributed with mid-pareilt value in the centre but there were some 
dif fereices in the aspect of distribution. The present study also showed a similr tendelicy to 
Thompson's result. 

For anltllracnose and powdery mildew, a serious disease infilbert, resistance appeared to 
be dominant over susceptibility. In cold resistance, the most important character, the strlong 
was domiiiant over tlhe weak. 

It took 5 to 6 years for most introduced cultivars to bear nuts: in tle case of seedlings it ook 
more than 6 years from grafting to bear. However, C. lwetrophylla F. and C. he'roluyllaF. 
var. lhunhergii B.. native strains in Korea, have such precocity that even 3- to 5-year old 
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seedlings can bear mnts. And when they ,,erccrossed with C.aveIhtaof noti-precocity, the 
precocity appeared to be dominant. 0n the 1a.', uf above sult', the ftulilof concludes that 
C. het'rophvla F.and hewrophv/lIa F.var. hn/ergii 13.could be used as a source for cold 
resistance, precocity and pvdery mildew resistance and C.a-ellanaas asource for large nut 
an111danlhliracnioe resislatce. 
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old tree, 2=fruited in four-year old tree, 3=frijited in the-year old tree, 4=fruited in six to 
seven-year old tree, 5=fruited in tree alobe eight Years old. 
-4- : ;rogen. mean and standlrd deviation. 
Vertical dotled line indicates miid-parent 'alue. 
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Crop improvement through utilization of wild relatives in China 

SIt .\() ()IQL'AN 

The collection, study and uLtililtion of native varieties for every crop allows us to make use 
()Ifwkide genetic diversity for crop imiprovemient and gain large heneftits ill breeding and 
[IriculrC generallv. Breeders sometimes I;acc Lreat difficulties )eCiLuse of' a IiCI, of 
aipproprial genes ill tile Species thellselves. 1Iisthen especially important thing to use wild 

eIt.cicsil tilte search Ir diwa resistlant, male steriliI. stress resistant gene resources for 
L'c0)riilij)rO\ 0'1icilt. hi recent \ ears. hldrlalives Of rice.'. hlcat, barley alld cottol hilVe hecl 
u,,cd for crop iillro\ e itClll sticcesses.with gi'cal 

Importance of wild species for rice il)rovement 

Succs, ill ile deelopIcment of h\l,rid rice is a great breakthrough ini rice breeding and atei'hunL'0 al iIItlovaliOIn ill rice rIt(ttitLtiC. Ihhas nmarkedly inicrased rice yield oln a large 

scalLe. It has bee iCiecssiar\ to develop suitable cytophilsml- enetic male sterile. niailtliner 
aiid reslorer lilnc, ill order to make h\brid rice atcomner,:ial .utcCss. Ill the" course of' 
collectine \ ild rice sort.cs for disltlll ce, i male-stcrile \wild rice (Orv_ saiva f*. 

odItan'a I..) \\ t,, ngpiig, LBililu ill I liall Island ill 970. Itaf01und h\ Yawil IlA as"istallt 
v.Is Illled 'w ild aollrtive". or lllr shortly "WA" type. 'Ihfis type of\ild rice was usedas the 
felet? parntCII aid cltivitcd rice \wt, usc( a,, the mle,1lc palrelnt: lroit l Itivilted I'iceusd cul.] 
flor hack crossi, and f'romllthis colmbilatioll \cre created morellthan 20) male tcrile lies 
deri\cd froitll *WA, cytoplasni. Somte ot'leiin such as Zle-Sham 97A and V20A widely used 
inl production. lhae becn hackcrossed 3(-35 times autnd still ha'tvc high stability in male 
sterilit\ tildCr various Clivirollnilltal conditions. 

Nlan x\cellent hybrids \vith early 1:lrh\', mltiple resistance to disCaseS and inscts and 
Lod grlill quality have been developed (Yuai Longpilg I986). 
The Iiybrid rice plays i great role in increasing yield. For C.alniple, amillong tie Japolnica 

hybr'ids, Lii-you 57 gave highest ( 13.7 t/h)in i.Liaoning Provincc. Japoiiica hybrid variety Xiti 
ou 57 yieded anlaverage 28(/ more than improved .japonica varicly Jilig Yin 39 ill Nixia 

Prov ince. The average yield frotm hybrid rice growing il China.ia ill 1983- 1986 was 6.5 t/ha. 
1ii 1985. the hybrid rice -growing area was 26.4(/ of the total rice area. It cotitnributed 32.71A 
ol lie total rice production. The cunila.tlive production increase due to culliva.tion of hy brid 
rice ill China ill 1970--85, has been estimated as 94 million tolls (Figure I and Table I )(Yuan 
i.oigping 1987). 

I'.\ItLE I Totalgroiing area, yield and aerage yield of hybrid rice in China 1983-1986. 

'Cal Total area Ttl't yield Average yield 
10" hill 1t0"1) (1/14) 

IB;83 0.74 42.97 6.4 
l9S4 8."4 56.62 6.4 
1I)85 8.27 53.53 6.5 
11)86 9.13 60.24 6.6 

tl::mn ',ll .ongping l it. t987) 
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4. 

Barlri illproveiIISing Wil(I reiji ives 
Interspecific and;I tervarietal crOssCs of Wild and CLti,vated barley collected from(il mnu Platcal have been llade ill the experimental sta.tion o the InstitutLte SinlCC 1979.I lvrid vigour w'as ohserved in I hlbrlds of some combinations. Male-sterile plants were

found ill I:, and :, olseveral crosses. ('oniplt.t and partially male stcrile (9(l/ 7 above) formnswe,re obtafined inl IU<2 Niale sterile plants we're deriveud Iron] ac.ross betweeun two-rowed wi 1(1 
harley (iHlArnIl .p' 'hl/Ut n Jand the si ,,-ro ,wedciultivated form (II. vul' var. nut/un):the male sterility \sa.s controlled hy a recessive une. There \s crc two male-sterilc typesideiltified. One of theni w\as two-rowe\d \%ith nakCd era.lills and tough rachnis, While the otherul
had covered crams, and tomh rachis. Both Ivpes had siiiall deencrated anthers with dried and
shrivelled pollen grains. Pollen aborlioi occurred hetween tetrad and microspore stages.
indicatiie that t11htwl.o types wCrc sporophytic sterile.
For example. field observation ill showcd
1.93 that the 5 hackcross combinationsiinlained sterility and 16 testcross conifhoatios restored lerlilii. In order to obtai i stable
lliitainer and restorer Itlits. both test aili( hackcross are ill proigress.Besides Ihse an attempt is be-,ing made to solve t o practical preblems in hyhrid harleyprtodntfioii. One is to look for miitnts of" glmel-opened pollinatioji asmale-sterile barley and the other is to incorporaeI 

a pollen source of 
tile touch rachis character into some wild 

secI es h.lill _to,,
198,6 ). 

Colllhilll" abilil' and pile-t)illpeied pollination (Shao Qiqun el al. 

Male sterility soirces ofi' wheatl Irom wvild rellives
 
SCmi -%%ild 5 Ieat 
 'il. .INtuw .sa( eloold serve as sources of ii ale sterility I'lor wheat 
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Selli-e, i It , aI-, c f ul,.iCutIiI )ii'/ela 12 PlatIal il I1974 
and a lauce nihiiier tut.cdand plailt s,'tllics, ,Crec atalyied cmuytlogically 

hIat \(. dliscmus Cred t1111i \pcditioti tO 
Cullcted anid thlei 

and 2ictieIlI ,.,i-\\i l v,heait i,,allvi 2rc,,, aS \ccd iii i fiClds. Thebale .nd ',.heat 

mitu..d qikelct ,, iccl, ,q).11tcd ad fell of the 1luutlld. hCiii( thiS iIturall sovn. 
hlcitticantiu l sI'ahIlchincsu tIctii-v lilwhcat .,i,.cl tIt thtIie hadtleuitcnctic;ill. majorit 
,I'll)-ltt oitul \\heiCt he \-nthlittlc lhis.SCIIIi-\k. il . iitlhIc i iICd ilit 'iulnS typcS of" vari lies 

,
it. iisill ie s'pciC1s \\ I'll, 1yacap lll.\i Oteat diffcrencesti )l0 i ill dtm,,iuttrattCd. [ecause of 
.
Irwtll otllicst.cics (of \%id h heeat ita s sparaCtel Lby Iit\ 1 a lite,sbSIlhiCCiCS as T"'iti('ll1 

111)u,/(11 S.tO di.ld ith cmtilon ',ieat (Table 2).,W\111ivifl siibMI . h1 \,'1 isCl 1t01cuissigi w% 

I IIt.t 2 ft' litial( linparisoin primiili uuilli ,,ni-uuild %%bait. 

No, Ofii'Lliuiiluutiiiu CtlarcltDr t)iarliculali oil 
\,i'rIL 2i2rnI htahil otf iaciis of ractuis( uCing 

I ipwl, -. huahii broken au42 sprin cssv we pedicel 
iP. \IuuuuIou#uucuo.. 42 spring habit cis\ brokei bhelok pedcel 

O CIt'lp 4. nlatur,al beltk pedicel10/1iehuuu spring habit bruken 

The F hybrid between common wheat and seni-wild wheal was studied. In the spring of 
1979. a cross was made between Zon-kan-ai, a variety of common whezt, with mialny 
recessive traits. and senii-wild wheat. Recilrocal crosses were made also. 

Ihe dala verifiCd that ma1.turet,plants of' F hy ilhad Irachis which can be broken easily, 
red iluile with hair and red graili. T'hese traits coclle rtl lilthe nuftlm. Thatiile parent.lib 

meams. the trait of' luoen rachis of, seili-\k il \wheat is dominant, but the stable rachis of 
cotiilol s heat is recessive. The recilrocal cross gives the sanic results. 

At the ,aiell itime, tile data show isthat we have soiething like a priiitive interspecific 
harier. It is one il'the rceasons wtv senii-wild \lialt trou Tibet was separated as a ntew 
sibslpccies. li/etbu'p. 

Common wheat and seni-wild wh1Ct can usually be crossed. The F,hybrid for such a 
cot)binaitioil is usually fIertile, but occasionally it is p>,i ble :o obtain sierilu linces from such 
hy brid combf inali oils. Senti-wild wheat can serve as original material I'r breeding male 
sterile lines ()fconmmon wheat CI'abflc 3 (Shao Qiquan el al. 19X3). 

F It I. E 3 1Ittia % F, .l)rid t si i an % heatI.uli'c lld
iour i )te n 1s heatI eni-wild 

II\brid Ilybrid it. NI. imanlure 
ci uuitilatuiu l enlat"traits %latetrails mature plaits 1,plainis Trails of hybrids 

/;u-kailn-ai ,'hiletglllue red gtlne t1 6 Tte spikes ot;att mature 
wtule grain red grain planis wit ratchis can Ie 

-seni-v, il hairless glulle hairless gltume broken easily, red glu ne, 
%khit rachis stable rachis broken red grain and gluenL "sith 

hair. tnumaturc spikes 
have unubriken rachi . 

,lli-Ail red gtllune while gluile 6 0 The spike uf allllature 
iheal with hair, hairless glulne plainls wilh ractui, Call be 

red grain. while grain easily broken. red grain. retd 
ratilis rachis stable glunie witi hair. Somelilof' 

/on-kain-ai broken them are matle sterile. 
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That a'giops .\'lffll'.(I CVIopLISIl can hi' Used IS+.source r ill iucinLralc sterility in 
CttIIInllOI
\wheat was shit,l h\ /ltalw Yan alld his rou p (I984). Thcv lav. siccCded inl 

rodticing hvbrids betceit Ac1. line No. I 1,squ ,nola as female parent. and common \heat 
cltiv ar "Kenya" aS male parent. hi,,cross conibhitot. gaVC alloplasmic SnbStittioit line. 
F+xtnlination ot root tip re\ :1lCd thlltL.Ir iouotics in I('2 plants, ..ic211=42. Their nor
plhological appeatance, \ crc similar to IItose of tte nnlclcatr door. s.,ugtCin ha thie nnclear 
ctnot,,pc of the nuclhc, t\lllatnio h.I,brid \\ as 1htIohl'It s to tlose oithc pure line Kenya.
In uto,,t cases tIlesusituIitio line had complele pollen and seed fcrtility. Ihowever. inl BC4 
self-pollinated pr(nouC,,C nnalc-,,tcriC ,aitts vcrc.obtahind .
 

Tenllo totaIl of 2 II)plaI v, Itti co t Iplec or I it ,hih male sterility. Anthers of all
tlhe cotmpetllh IstriIc platst \\CIe tiialler nid more sIcdr thainllnormal ones. These 
miatcr!als havc been ,SCd fo brccdite nalc-Sicile litics otf\,heat. 

I[iproienent of Cotlton thro<igh interspecific hli)ridization 

ProfCSSor I.iantg Zheitlati and his ronp SuccCSSIull obtained intlerspecific hybrids 
betweel cultivated cottol \',ihseCral spicic of v\IMcotton. Many tnseftl characters were 
hIIrodncCd into Cltivaled cotton from wvild relativCs. QnitC iIterestin2 rCSnlts 'ere obtained 
hItl Ia cross \ itlh i I I C t t l ( oh .V4)ium; bi 'ii. 

(. I'ickis an Australian \wild species wIvhich be longs to (I I lnonIle. Ithas Iallny desirable 
characteristics, sIchl its resistance to insects tdue to is iitCilse haililess) Iill goss\pol stalkatd ,ossypol-free seed. attd is very nseful for cottotl brecedihte. lio ever. due to difficulty of 
ilterspecific hybridi/atioi, transfer of these ,clis intlo cultivaled Colttol did not Succeed for 
a long time. Olx ilrecent .ears.ttsil nlCWe lechitiUCsill entbrvo rescue aitd F graltinte and 
hack cross. have hlbrids b)een successfully developed hy liatig ct al. (1985).

I 

Tl'he Iybrids of'(. hirsulum x (. hic'kii and (. iht'rh x (G.bi'Aii cOUM be ohii nedntM 

Iv the method of spraying phyltohorniottes and Cltbrvo culturC. When the F, of the former is 
grafted ontot the upland colton and then backrossed ilh upeland cottoI ulder ctool-ilighl and 
short-day conditions. IB I seeds can be Iars estCd: BC I aid 1(2 plaihts cait be .row.it up later."l'herefore. incoimpatib~ility of interspecific htyl+ridi,atitt itay be re+'jected to a certain degree 
by this technique. Most recently oTffspring ith red flo\ers (F.) aid liues v,kithgossVpol
glat1ded plants, but With ghan.less seeded plaltns.',re established and aprogramn forbreeditig 
a new culivated cot!otn with insect-resistant characteristics is itt progress. (personal com,.
nicationIt ni Prol'essor liang). 

There are still great potentialities 'otrLrop improvenent ill tsinte wild relatives for mtaly 
crops. Many desirable positive traits from wild species could be lransferred into crops (Table 
4). 'Tlhe technique for trans ferring these genes has been developed also. 

TA 1i1. t: 4 Useful Irails (if %iOl species foir crop improvement. 

Name of \%ilttspecies Ulsefultrails 

0/.%"(/ Xativa CytoplasmItic male sterility, 
sphnflhl/ti diseasef. L* resistant, stress tifterant 

(dIj'il'
.lyI1.t High seed prolein compounds, disease resistant 

Ihrde, spwontaneunt L. Cytoplasmic mate sterility, mildew and rust resistant 

Triictum aestivurn ssp. tihetantnm Cytoplasmic male sterility, rust and mildew resistant 

Aegihqlos sqtut'rosa L. Cytoplasmic unalesterility 

Gos.iVpium bie'kii 
 Gssypol glandtlessseeded 
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CHAPTER 23 

Collection and Utilization of legume vegetable crops in China 

W.\N( St 

A considerable part of China's land lies in tie temperate and subtropical zone. Because the 
vast territory and varied t pography give the country a wide viariation in climate, China is 
extremely rich in vegetab.le germplasm. There are many legumes used as vegetables. The 
important ones and their distribttion are shown in Table I. 

I.\tLE I The distributtion and use of legume %egetahles il (China. 

Nam ,e Scientific name t)iktrihutillo Use 

Sliapheall I'lawo'do ulgari I. All over the country Canning,freezing 
Yardlog bean I iga,oln'tuic aw All. mainly ill fIle souti Pickling 

ssp.se.tu dali.s (.) Verde. 
Vegetahle Noabean GlI"\cine mn. Mere. Yangtze river valley Freezing 
Garden pea I'isid nalivnl L. All. Mainly itl soutlhwest Canning,freezing 
I Iacinltth bean Dolithos lahil,.L All, on small scale Dry vegetable 

Broad beant I icialhaL. Yangte river valley. Dry seed processing 
ll ykillill [Ile sollil ,est 

Lima beall I'/haseou.'s /tot +Il (L)ntile sout tiof Yangtue river 
Scatlet runner bean Phas'olus nultiujlorus Willd. Soutll\est and Shaanxi Pickling 
S\ortl' bean Canavalia 'adiata DC. South and soutth\est 
Winged bean PA0uh(o arms SoutLhtsest and south 

lI'Ira nt(lobltis DC. part of the centre 
Ve lvet beatt M uca, xpia Wight. Sothwllst 

All ca be used fir ttte freslt 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 legume vegetable. Snaphean grown in Northeast 
China accounts Ifor 90(/ of tle total legutue vegetables. The distribution of yardlong bean is 
di IferentIto that oflsiapbc an. i Gu a tgd ng and Gu art g xi. the acreage ofyardIlg bean is 61)
7(),1 01 total leg urn e area. Vegetable soyabean is produced mainly in Jiaugs u province. and 
Shanghai city, about 3()-40,(I ot the total leg utile prod tctlion. The a rCa f0r pea PlrodtIcI iol is 
abottt 10I-2(WG inl Jiatisu Province and soIthw'est China. Figure I shows [he distrilutioti of' 
-1itmportatt legume vegetahles all over the coulntry. 

'ollection of legume vegetable germplasln 

Itt the late 1950)s. an extensive col lection of'vegetable germplastn (irVclitdittg legitme vege
lables I\,as conducted. Since 198(0. we have carried out another extensive collection. Up to 
the present. 3267 accessions oft legume vegetables have been collected and preserved. The 
Iptatity attd source of variotus lete veetables are shown ill Table 2. 

, , , ,/, . - "'1 .. + , .. : .. V+,t,. 
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(-LIA'6SII+I GR, P~ S+:NAP'H+AN IBSIA) O)N HII)IANI(+AI. CHARAC'TER+SATI()N AND V.,RII1',.\IIS()I: 

Snapheain is one ol' the mnostIhnlitanl legutMC vegetables in China. both in quantity of 
varieties and growing area it dominates.Snapbean can be classified on botanical characters 
and horticultural characters of pod. 

("l,'(silicaA/lio ha.s'd on hotanical characters 

nmpheans can be diVided into several types according to tileplant habit, the shape, colour. 
,,ght and leith of' pod. seed colour and seed shape. +[hepercentage otfeach type isshown 

in Table 3. 

TAIIIE 3 Snaplean classiricion. 

Character Type Percentage(%) 

(rowth habit )eterninate 20 
Semi-deierminate 5 
Indeterminate 75 

Flower colou r While 49 
Violei or dark viole 51 

Pod shape Fh'; 50 
Round 20 
Sickle shaped 25 
Sword shaped 5 

Pod cotlour Lighl green 80 
Green 10 
Violei and yellow 3 
Oiher 4 

Pod weighi <8 g 32.4 
8-1t g 55.1 
>16 g 11.8 

Pod Length <12 cm 18 
12-21 cm 75.2 

>21 cm 6.3 

Seed shape Kidney shaped 60 
Round or nearly round 30 
Tubular 10 

Seed colour Single (hlack.while.hiowrn. vellow,grey,violet, blue) 
Mixed (More than I colour) 

(;ro\ing period Early. <60 da s 26 
Mediun. 60-70 day, 40 
Late. >71 dars 34 
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(/l.si/'iationbased on horticulturalcharacters 
On the basis ol shape and colour of fresh pod, snapbean in China can be divided into the 

following varietal groups:
a) (olouredpod,',rup--Most oft he pods are wide and flat. The ground colour of the pod

is liglt green (or yellowish green) with red or violet stripes. Tender pod and seed develop
simultaneously with raised seed. The quality is excefllent. At maturity, the pod becomes 
yellow . Tlhere are no strings along the lines of the dorsal and ventral suture. The podremains sofh throughoutl the growing period. The fresh pod and seed are both used for
veCetable anl I0od. ConsniiCrs like it very inuch. The yield nf this group is not high. This 
grouji rs gro. ii Imiainly in the norlheiam. 

I) Rniulpodgro --- Seed devc(opm eit is slow. Pod flesh in thick. 'ender pods are for
eatirig mainly. Fibre conltent is low in tenider pods, but becoies Iigher as the pod matures.
Pods are shorl. round, light green (or green), 10-14 cii long, about I cm in diameter. 
Flowers are white or\ inlet. Ilants with white flowers prodrce white seCds, arid plants with
violet flowers produce black seeds. The varieties of this group are used fOr the fresh
market, as well as fur canning and firce/ing. Whito-seeded varieties are ideal Ior 
processing. They are grown rnainly in part of east and central China. 

c) gltypodiroup-Pods areI 6-20)c) il'ng, nearly round in cross sect ion sl ighlly curved,light ureeii or whitish greet1 riogh, 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
gu00d fhavour. 

d) Flat pod group -- Flat varieties can be ftirther divided into long, short, broad, narrow 
types. They are differenl in pod length, thickness, cololr rllid 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 if imature. but in fact, they still
keep a high quality. The varieties ol' this prup are grown mainly in Shandong Province.

e) Yellodlgroup---The pri ncipal characteristics ol'this grou p are yellow pods and white
flowers. ' 'hey are subdivided into round and flat types. Flat pod type has a greater water 
content, low fibre. good quality. Varietal numbcrs in this group are small. Distribution is 
wide. 

f Piurph'podgro - Pods contain anilhocyanidin, so they are purplish red mr dark reddish 
purple. After cooking, the pigment is dissolved. and the purple colour disappears. Pod,stemi and leaf veinr are violel. Flowers are purplish red ordark purple. Most pods are narrow
andI flat. There are strings in the line Af'dorsal and -.entral suture. Pods have low fibre aid 
g(od Iqtiality. 

CIASSIFI('ATI()N BASEl ON 1(Yr'ANICAl. CtIARACTFRS AND VARIETAl. (GROtI'S OF YAR I O)NGiBEAN
 
The growing area and the number of varieties of yardlong bean are second to snapbean in


China. We collected 837 varieties of*yardlong bean. Their classification follows.
 
Classli.alioi bc'sed on botanicalcharacters 

The proportion of each type of classification based on botanical characters is shown in 
Table 4. 

Itortfifullo'alchl~stl/icalionl 

a) Dark greenpod nroup- Pods are green or dark green, round. Pods have firm flesh, good 
quality and are storable. 

b) Lighi-reenpo(Igroup - Podsare light green, 50-60 cm long or more, round. They have 
loose fleshy texture, good quality and high yield.

c) Greenish white (or white) pod groitp - Pods are greenish white or white, about 30 cii 
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'AItI '- 4 Yardlong bean classification. 

Charaicicr Type 

;romh habit Determinate and sem i-determinate 
Indeterminate 

Flower colour Milky while, light vellow 
Violet or bhifish violct 

Pod shape Round 
Filat 
Coiled 

Pod colour Dark green 
Green. light green 
Violet 
Other 

Pod%weight <10 g 
10-25 g 

>25 g 

Pod length <30 cm 
30".0 cm 

>60 cm 

Seed shape Kidney shape 
Near round 

Seed colour Black 
Purplish brown 
With stripes 

CROPS IN CIINA 

Percentage (%) 

5 
95 

II 
89 

70 
13 
<1 

5
 
70
 
9
 
7
 

21 
65.7 
12.5 

22 
63.3 
14.2 

long, earlier in tuaturity. The plants produce pods in their central and low part. They have 
a high yield in the early stage, hut total yield is not high. 

d) P1rph'p[ .,rolp I Pods arc purplish red, round, 40-50 cm long. Seeds are mostly 
purplish red with dark stripus. 

e) ('ohmrcclpvd .Igr',lp- Pods are light green with violet stripes, 30-40 cm long, round or 
fiat. Most seeds ;ire purple with purplish brown stripes. 

f) 	Coihdp,dgroup - Pods are dark green with a small number of purplish red spots. Pods 
coil horizonlallv for 1.5-2.5 circles. Length is about 30-35 cm. Weight is about 15-20 
grants. They are of very good quality aid usually late to tmature. 

T ill: ()TII - .1:(;(:1 '1S 

I "('t('hltl',S'f~) t' 

Vegetable soyabean is grown for its tender seeds. Because there are fine hairs on the pod, 
it is cal led Ihairy soyabcai. It is aspecial local vegetable in China. There are many vegetable 
soyabean cultivars in Jiangsu and Shanghai. The v:irieties collected in China are classified 
atccorditig to their growth period: early, medittm and late: according to seed colour: yellow, 
light yellow. yellowish green. grcen. dark green, brown, dark brown, black, alternate between 
the black and green: according to seed shapes: large. small, round. long round, oblate and flat. 
Fa1voUrs are gIitinous or notnglUtiniUs. 
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The culti vatioIIn of peas is very confl mon in Clhilia, especially inl the sol th west. 'Thosecollecled inChina are classified as follows. According to growth habit, they are divided intothe delerminaltc, scmi-determinate and indeterminate: they have white and violet flowers,soft and firiii pods. Some varieties are grownii for their fresh edible grecn seeds. '[he othersare raised for the whole cdihlc pods with sceds. Among the varieties grown for fresh greenseeds. soni are nse'd for fresh narket and soiie for canning or f'reezing. In addition, there isa special kind of pea called 'no-tcndril pea'. yheyare growin for their tender shoots. 

Ill.\acinh b-e'll 

1lvancinlh bean is popular ht it is not grown on a large scale. It iscommonly plaited iinfhe fr( inhtofioses oralong Ile fcnces. Tl', bean can enrich lie table in the oft seasoi. Becanseits cultivation has a long historv, the genClic lesources arc very rich. Most of the accessionscollected ill our country are of t'he climbing type, and very few of lthe bush type. Flowers arewhite and violet. Pods are dark green. green, light green, whitish green. greenish while, violetand green with violet dorsal and venial lilies. Pod shape is broad fHal,long flat, crescentmoon-like or semicircle-like. Some vai icles have thin pod flesh. Some have thick pod flesh(lore Ihlan I cm). low fibre and are of very good quality. 

U tilization of legume vegetable germplasm
 
'Iie ntili/ation of legume vegetahle 
resources in China is as follows. 

RWi1 OF IO('AI. ('I:.TIVARS I-OR TIll FRIESiH MARKI-F
 
Coloured, broad, filat
varieties iniwhich pod aiid seed develop simultaneously are grown


mainly in northeast China. Ii the cast and central parts. rotnd pod varieties are grown for the
fresh market or processing. Yardlong bean is tolerant to heat. It is an important vegetable iiisummiler and in south China. Its gfll ng area is larger than that of'snapbc,
 
The east and central part of' China is al 
 region f'orso an iportant vegetable soyabeanpriduction. There are many varieties iii the region, incltidiig early. mediumiad late maturing


varieties. They all are very good cultivars and arc grown on a lirge scale.
 

Ex f .IAMN;PO('tESSING VARIlItS 

The development of canning and f'reezing in legume vegetable promotes the extension ofprocessing varieties. Not only are original processing culltivars growi exiensively, but alsomany new processing and dehydrating varieties will be grown. Freezing types of vegetable
will flourish 
 in Hilonjiang and Jilin provinces. The white seeded, riulind podded, localvarieties suitable for processing will be grown more extensively. Siapbean, yardlong beanand vegetable soyabean varieties used for processing are being developed and utilized. 

SF OFI\ IF( ;. I L fR (I'') (ItRMI'T.\SM FRMI( IIiFR('iuNfRiS
Although native bush beaus in Chiiia usually mature early. the quality of sonic cuLtivarsis IIot good. 'h'hereflore. some high yield and early varieties from fRreign countries have allin portanut part to play in snap bean prodtLIctii. Varieties incude Conteider'. IcrOp

'Provider', etc.
Many pea varieties were also introduced from other countries, for exaunple, 'Alaska', 'LuZhu', "1341 '. They all are grown not only fOr tile fresh market, but also for canning.Their 

growing area is expanding. 
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InI recentIII years, breeders have deCvCloped many new varieties by use of local and introduced 
"ariclics. The ne\v varicly *YU Fcog" was bred by crossing a line with a local variety. It is 

carlv ill maturity and high in yield. New varieties 'Qin Kang No. 19'. 'Chtn Feng No. 2', 
('htUn [eill No. 4' and 'Qi u Kan, No. 6' have been released by Tianjin Vegetable Research 

IiistitntC. 
'i .lianl 28-2" is nwi%vardlone bcant variety which was develeped by crossing 'Red Beak 

S\\ allow, with a local varicly in Zheliang I lorticUltUral Institute. It has strong adaptation and 
hilih yicld. FPod,- arc thick and lon. 11is an important variety il Zljianig province and is 

ruvo,, 1nConinnornliv all over [he coulltrv. 'Yan l)ai Jiallg" developed in Shallghai issnitable lot 
lnnnerlland tnnnn .L'owtlh. "YLe Xia' series are new varieties selected from local varietieslltll1ll1 
ill ( tnngdong Acadcv of AgeriCnl tural Sciences. AftCrwards, necw variCtiCs 'Ci Cii', 'Jin 
Sni" ald ' u Ilm bai,''ere released. 'Bali .ano No. 2' was bred 1y crossin aline with alocal 
variety ill Nainjine Vegetable Rc:carch Institute. It is planted mainly ill late spring and 
Nu1fllune r. 

Maly orealnizations. such as SiChtran AcademV of Aoricnltnral Sciences, Shanxi Agric
iltUral Utniversity, and the Chinese Academy of Agricultural Sciences, have developed t 
oreat number of new varieties of peas that are used fOr vegetable or for both vegetable adll 
dry seed These new varieties, on the one hand. enrich the gcrmniplasm of legumes. On the other 
hald. 'hey arc adopted in production as ncw varieties to replace the old (,nes - so it is 
important for us to collect and preserve local lcgume genetic resources as soon as possible. 



CHAPTER 24 

Collection and evaluation of the germplasm resources in 
the genus Oryza in Guangxi, China 
HAN(; YAO MAO) 

Guangxi lies at the southern border ofChina and is loca:ed between 20'54'N and 26'20'N and 
104 29 ' and II 2 0 'F. The tropic of Cancer traverses its central section. The topography, 
with few plains, and more rivers and streams, makes a complex terrain sloping from 
iiorth\ est to southeast facing the sea. The weather is mainly hot and humid, but in the 
niountain area and in the northern part some temperate features occur. lHigh temperatures and 
hutmiditv and plentiful rainfall combined with comp!ex topography make Guangxi a main 
reCiolnlof enetic diversity for many crops in China. 

Iice i . a staple laod of (uangxi, and has been cultivated for a long time. The history of 
rice growving had led to a great number of local varieties spreading throughout this aiea. But 
since the mproved rice waS popularized in the I950s many old varieties have been quickly 
eli inmated. l'o protect the rice germplasin of the old varieties from damage, action has been 
taken three linies hv the Agricultural, Aninial I lusbandry and Fishery I)epartment and the 
Guangxi Academy of Agricultural Sciences from the beginning of the 1950s. These three 
variely collecting activities were in 1950, 1978 to 1980, and 1983 to 1985, respectively. By 
these actions, the genetic resources of the genus Orv-a of each county were surveyed and 
collected. 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 Iwo wild s;pecies in (uangx 0. rufipogonand 0. off/cinalis,and described their geogra
phical distribution and ecological environment. In receut years, some research work on the 
samp~les collected was done on morphlogy, analysis of isoenzymes, resistance, and classifi
cation: at the same time tihe utili/ation of this rice germplasm by mean of biotechnology was 
investigated. 

An attempt is made below to shov, that Guangxi is one of the centres of rice germp!asm 
diversity ill China according to type of rice gennplasm, characteristics and distribution. 

)istribution of the genus Oryza in Guangxi 
(011rlA II-v;Iw (ORYAmu SATIVA) 

Sorting and classification of thousands of collected accessions showed that rice cultivar 
types are very complete and plentiful in Guangxi. 

First of all, samples could be classified as subspecies -Isien (0. sati'aL. ssp. Hsien Ting) 
and subspecies Keng (O.saliva. ssp. Keng Ting). The cultivars are very different from each 
other in characteristics, physiological nature. geographical distribution, and relationship. 
Rice I Ien 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 thorn, a slightly bent awn, more thorny glume, 
roundish grain, drops with difficulty, and isfound in the n(rthem part or cold mountain area. 
The rice Keng is very complex, especially in shape of grain and colour. Its leaf blade iswider 
and grain size is larger. somewhat different froln those of Keng in the northern part of China. 
The zymograms of esterase isoenzynies of both have an exclusive enzymatic banding. The 
rice I Isien has 7A but no 8A, the Keng 'he reverse. 

Below the subspecies of IIsien and Keng, several ecological groups could be classified, 
mainly as follows. 

Ac&~~
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Saimnples can be classified into two groups according to the cropping seasons-the earlyaid middle-late rice. The main diflerCIce is that the Carly one is sown in spring and headingand ripening oCCLIr UIder a long daylight period, and that the middle-late one is sown il Mayt0o.1h te, ripe nigi t Liider a siIoit daxy Iiglg period. Now, apart fn 'li the Iountahi area vlieret lieIermiperate Cs are rather 1(lw and the altitudes higher and one crop of'middle rice is still grown,liiost of tile sites had changed to mAcroippin i e t o-crop rice. But as a result of being accLstoired to singleS a;.l, iore varieties 01fruilddle-late ri;e w..ere collected. itc'outingi 

for i);.There arc many types like I t siei, Keng, Nuo (glulilOuS) wetlaind and upland riceand so on. There is it xx 0ILCrrice that is sownI ill iaLduirir- winiter aid harvested in May tIlefollowing year. This varieti is not limited by the short daylight period when it is heading, andcould be clssified as aI early rice. ile two groups have little dif ference ini morphology and 
i lhe ZyIrograrn baid of esterase. But in tile lale rice I isien, the vrmloran has more ICAa1,111d.IccOutlll! for 521', bul tile early rice I Isieri has rio such band. '[his could be used Is 

a ref ererice for classification. 
Samples can beclassi fied in tmwo varieties. tile han (iionlutirous) and tire Nuo (gltllinouls)

rice according to the nature of the milling grain. iaihas a rather transparent body of grainandimore straight-chair starches: it is difficult 1t be pasted and shows a blue colour when itreacts with iodine. NW,,, has a iilk-whit.. body of rain and more branch-chain starches: it iseasy to be pated aid shows at id ',ohkrrWhell it reacts with iodine. There ik no markedlvdistinguishable zyrIograi ill tire analysis of isoenzymes of the esterase. Amongst the resources of rice varieties of Guangpi. all tie subspecies of r:ce I lsien and Kerg are of tietwo types --- Zhati ard Nuto. ic. the I Isien aunt Keng Nuo rices. The , rain off I Isien Nuo riceis hlg and narrow, and the Kerg Nuo. roun an.dilrlshort. The analysis of isoeniznie ofesteraseshowed that the I Isiei Ntno rice has the exclasive 7A band, while tlie Keng NLno sLbspecieshave few 7A aid tile exclusive 8A band. This is a situation w,.worth studying. Of tile rice resources of(iuangxi tire Nuo (glutinous) rice makes up to 20'1(. Ofthis percentage there are mre Keng Nuo types and riiddle-late rice varieties with marry nitatttiorS. The cultivaled areaof Nui rice is not large at present and most of' it ili tile rii01urritair area, where tie Keng Nuo 
rice is the staple food for tire people living there.

Samples can be classified according to their ecorlogical environment as upland, wetand,arid deep water rice. The upad rice tIhat is mainly growni on tle sI(ipes if rnou nt ains issusceptible to root rot, ard plant establishmernt is poorer when it is planted in weland. It isdifferent Irn wetIard rice ini morphology, having a rather roundish base o fthe leaf blade.The cultivated area of upland rice ill Giiarigxi is now about 13 000 ha. and makes up 517( oftire total aMIrourit collected. Ulland varietic,- comprise lisien, Keng and Nuo types, but theyare late rice mainly. The analysis of esterase isoenzymes showed many types of zyrnogramii lungxi upland rice, especially for Keng upland rice. The data of'4 I accessions analyzed

'shmved 17 types of zynograni.


Deep xwater rice is now planted at individual sites inid tile cultivated area may be only aboul
30 lia ill G 
 arIgxi. According to tle ecological eriviromneiilt ard morphological chiaracters,
they cai he classified ill two types. One of them is planted on 
 flooded loxvlad and tire otheron betchy Iowlad where sea water has intruded. Both ofthem are tolerant to deep water andbeloig to tie late rice group. The former has a thick cIliii, large leal blade, and it bigger andoundish body of grain: while the latter a slender culm and leaf, and a long and small grain.Judging from the morphology. both deep waler rices belong Io tile subspecies I Isieu but tileaInlysis olestvrase i '>enzre showed that tile fonrmer has the 7A zymogra band possessedexclusively by tile Iisien rice and tlie latter has the 8A oiie possessed excl usiVely by the Kerig
rice. This situation is x orthy of furtlier study.

in addition to those mentioned above. there are many special varieties withiln the resourcesof rice germplasn of (iuargxi. For example. sonie varieties have sweet smelling leaves andgrains. but such valieties irainily belong to tire Keng Nuo type. not the IIsien one: some have 
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a dark purple ghuneC: soie have [(o ihorn on tlre glume (so called 'smooth grain') and others 
much more thor rn hboth sides of the leaf hiade: and some are adaptike to intercropping. 
The diversity o' IhelIoci cLIllivars i] G(taiigxi could he clarifed 1v the analysis of esterase 
isoenvilme As ts 122/vnloraII haldS and 52 /yiora i patternsA"Iaum were ohtai ned f'rom 
775 accesions. Keii , N0O rIic lOSseSed the richest rnm'lrgrani pattern - 145 accessions 
sho\,,id 23 /.,iograr patterns. The. 117 accessions of' Keng showed 21 zymogram 
pitet'riis. linall, 27S acc',S,,ion of'f late rice IIsien showed 17 zyniouram patterlns'.'le 
. ni'irI) patterns ofearlIrice I tsieii were fcwer. Results ol'the isoerzyrne analysis and the 
iiorpholoeical obseration ,\Cre identical. 

( < " \ III I l l (C). /a I' ,+\ki t 1), 

.ccOrdim g to lie re tills of norpholhogical observation and hiochemlical analysis. Guangxi 
coninioi wild rice can he divided into the typical type and various variant types. 

The morphological character of' the typical type are: stroig fibrous roots: prostrate habit; 
extravatiial hraniching i t higher nodes: ctliii length 1(100-250cm: perennial: hasal leaf'sheathaid irtrnode cohour, lpri-ple or light red: auricle with long hairs: menthratrons ligule xviti 

pulrplC liees and v ithou1 hairs: openi laniicle type: without 2nd order panicle branching: 
general ly 2(1-6() grai us lpupanicle: loneg ains: light red secdcoa: strong shattering. 

The iorphological characters of, variant types were hiween those of" wild species nd 
cultivars,, for instance -,rowilt habit - prostrat', erect and semierect: culnitype -- long-stulked 
and short ,tature: lalshalpe - hrildiidllnarrow: panicle tvpc--coiipact and (yen: ,wi length 

lollg and short: seedcoat -- lht red and red. Variant types iiiay he pr'oduiced from tie 
hlhridi/ation hetween w\ilId species aiid ctlItivar orhbelong to the evolutioil products f'roii wild 
species to cultivar. Questions aotii the forrmation of variaiit types remainIto e studied in 
fultui'e. 

Analysis of esterase isoelimyie g ve 9 zyiograin haiids anid I S zymogram pattirns frol 
124 accessiors of, varous typ 0 o.()rl(1ip o/i, origil ating fri i (u ingxi, in w hiclI 
yliiogriani palterl I 359A had the lIighCt frequency (42.71/1 ). aid secondarily the I 34579A 

(9.71/4). The typical type showked 9 zyitiograin) patterns f'roni 56 accessions tested, ie 
I'requency of 1359A as 62.51 . l'he variant types showed 16 zymograll patterns from 68 
accessions, I359A represented 26.41/ . ResulIts indicated that I A, 5A, QA helong to common 
zyiograni band of' 0. rtifipoonl and cullivars, 3A is an exCiisive /ylnigrlnl hand of ). 
rl(t'pog'm, 4A, 7A. 8A, I IA, I 2A are exclusive zyrnogratn hands o' cultivars. In the 
/.yviiogralii patterns (Ifthe variant types of o. 'ulipogon,there existed 4A and 7A of Iisien 
type oif cultivars. (4A. 57.41/ : 7A. 63.71/ ). The result indicated introgression of genes of 
cultivars into wild species. 

0. 1rlfipo'oli wats olle (l" the liost widely distributed in (ialx i and wiasl'oind in 42 
cOtIIIties. ''lie distrihutiin area extends f'rom 106'22'-I I I 50 ' F and 21(2'-25 I 1'N. Most 
were'fmtid in tile central and solth section of Guangxi, where the rivers aid swaips were 
c1iceiltraled aid tile Ciinvi rotinne nt Was su itable (or the growth of O. i'tulipog n. There exist 
soei habitats fI large area. li iiiore than 1) habitats, tlie area covered by plants of 0. 
ru/irpogt! reach more than 6 hectares. the largest one was aboult 28 hectares. 

0, WU/ ft /\ II ,s WkV\l.l.. 

The iorphohogical cliaracters of 0. o i/iamlisoriginating I'ron variol ccological envi
r'oliriretits were2 hasical ly no di fferent. The tiorphological characters of Cttangx i (. ulluiinalis 

aire: strong 'ihrous root s'stelni: dCCLt pe rennial: large and strong culni;ihe ell habit: rhizornes 
cullii lcigth 200-310 cm (the longest wa\s 467 cm : lotig and hroad leaf(width 4.6 ciin. length 
123 cmni: Iigule tip round or truncat-: long paricle reck (the longest was 123 cll): pan icle type 
-- open: generally without 2nd and 3rd order branclhing: panicle length 30-401 cin generally 
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2(X)-3(X) 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 (IA, 5A, 7A) and 2
zyniogram patterns (I 7A, I57A )were obtained in which the frequency of I57A was 74.4',r.
[his result indicated the genetic homogeneity of 0. orlli'inalis.
 

The distribution range of' 0. {/ficinalis was 
limited. It was found in 16 counties of' the
southeast section of,(;uanexi. The distribution area extends from 10'46'- I I I 50' E, 22 0 

3 5 ' -23'59' N. It was located in the ditches between hills where the sunlight was less. 0. 
o /it 'inalisgenerally grows in tie shade and in rich and acid soil. 

I itilization perspectives 
[r i'ii!..\ i()O I. (it \,(N (;Xl LRM'IASM t<5WES t(-SINTII (;t NiS ORYLA FOR RICE iREEDIN(; 

(;Iuangxi possesses abundant local cultivar resources. According to evaluation results in 
recent \ears many materials had superior agronomic characters, such as good grain quality:
high protein content: large panicle: large grain. Some varieties were resistant to major
diseases and insects, tolerant to low temperature and drought and to problem soil. Those 
materials could be used Ior rice breeding and will contrihntte to breeditig of high quality grain,
high yields, resistance breeding and to biological engineering. But the local cultivar also possesses sonic sliorlconiings such as high-stalk. leaf-droop, poor tillering, and issusceptible
to fertilizers and lodging. etc. These shortcoming should be noted an( overcome in 
utilizationi. 

According to the preliminary evaluation, 0. r1-pilo,z and ). O/ficint/isoriginating f'rolm
(;iIrgxi possessed some special superior agronomic characters and resistant abilities which
could 11o1 he fo)ud il Ctltivars. The germplasm resources of 0. ru/filpror showed great
genetic diversity. 0. rulipogta and culivar:, belong to genorne A and possess higher
Col hi nalt iin ahility. There fore Ihe resources of1O. tU/111i,'t)I possess high Litilization value.
Although soie superior materials were found in 0. Ofiinalis. there was a great distance inrelative relatioiship between the 0. ofititilisand cultivars. Overcoming the low conibina
ioni ability of hybridization and Ire unflavourable characterof wild species were two difficult 
matters. We are conducting studies ol biological techniques to overcome these problems. 

TilE Rlls o. GUAN;XI RiSOUJRCES INTHIE SUII-S 01F TAX()NIMY, ORI(;INATION ANI) EVOltlrON 
Kato first comprehensively studied the classification ofO. saliva in 1928. According to the
combination ability of' ybridization, ). sativa was divided into Indica and .laponicatypes;.


Based oti the grain shape and size, Matsuo in 1952 classified O.satuiva into A, B arid C types.
Ting Ying divided 0. saiiti into two subspecies (0. saiva L. ssp. t-lsien Ting and O. sativa
L. ssp. Keng Ting). Although there existed differences of' classification method ai(J
nonienclature, the views of the researchers on Ire classification of I sien and Keng were
identical. There still exist some questions atiout the classification of O.stitiva. For instance
whether.laiaznica could be divided into the third subspecies, tire classification ol' medial 
types. (;uangxi rice germplasni is of various types, including subspecies I Isien and Keng and
Medial types. Keng aid Keng Nuo rice hiave lllally types. The classificatoin o[Guargxi local
cultivars have iot been sysleniatically studied. 

Many theories aii(. discussions abtout tile origination, evolution and propagation of' 0.satiahave tiot yet r. sansalisac t(orily agreed u(Po. G tliangXi hIas ab uindairnt IOcal cultlivais andwild species, and Undotubtedly. has ;ahigh diversity of the gentis OrYca in our Country. The
geneticist N.I. Vavilov considered that tire area of greatest crop diversify would be itsorigination site. Studies of Guangxi resources of Or'vza are contrihting to studies oi the 
origination and evolution of' O. satii'a. 

http:0.2-0.26


CllAPTER 25 

Collection, evaluation and utilization of genetic resources
 
for barley breeding in Korea
 

I't N St 11 II' 

Barlev is used in Kor ':a as food. malt, feed and alcoholic beverages. As awinter crop barley 
plays an important role in increasing cultivated land by double cropping alongside the 
sllller crop. Barley breeding programs were begun in 1907. But up to the 1970s, barley 
breedjitg had mainly been carried out through the conventional pedigree method, specifically 
for high yielLinL2 capacity. 

From the early I97(0s, the major tareet for the barle breeding program has been early 
riaturit\ to aid harle .y-rice double croppine under paddy fielV,,. Also. Korean breeders have 
+eln interesteld in the resistance to lodgI1uing and (liseasc. A regional peculiarity for barley 
prodnct Oniin Korea is the need for winter barley with early maturity and cold tolerance. A 
svcere lproblem was cold injury becaIuse caliness is strongly linked to spring types of barley 
\ith t aek cold tolerance. tltili/ation of oerniplasms w.ith elrliness. winter habit and cold 
tolcrance rCsulted ill the development in 1977 of a new barley variety I)ongbori I which is 
cLIractcriied by cold tolerance. early utaturity and intermediate winter habit. From this, 
sCveral varieties that have similar characters to l)ngbori I were developed. In addition, 
lodguing was larely improved by the development of a new variety 'Kangbori" in 1976. by 
use of cross material. '1laeanenugi witlh high resistance to lodging. 

It is only since the late I97(0s that the study of grain quality has become important due to 
deInarids for higl quality foodstufffs following rapid econotlmic growth. Thus, Chalbori 
(covered barley)and 'Challsalbori" (naked barley) which are cl; racterized by waxiriess were 
developed wit the waxy gene. 

Since 1980, liew barley breeding prograis have started oni food, malt, feed. starch and tile 
milling process. Studies oil barley are being vigorously carried out for these purposes with 
the collectinrig. evaluating atnUd utilizing of dornestic and foreign gerniplasms under the 
halanced budget. 

('ollection and evaluation of barley gerniplasm
Strori intercst on barley eernfplasnis started in the early 1970s forearly maturity because 

new devel fped paddy rice required earlier transplanting. Barley germplasm in Korea has 
been preserved for the long term under low temperature since 1975. The first report on 
larIdrace barley was published in 1979. An explanatory palphlet oii evaluation of 1714 
harleys collected from domestic and foreigin countries was issued in 1983. 

Since 1984, a special program on geriplasni in Korea was rominently established as 
shos, ri in 'able I1. Studies of harley ,erriplasm were not slarled until 1983. Since active 
participation started the gcrmplasrn collection has reached 81 I. Most oflthis gerriplasn has 
be'Cll serCelie(l under natilral arid labor.trv conditin s. 

Finrmo1985. all geriplasins screened uinder field aid laboratory conditions (7 (019)have 
been cOtilputerized and classified for their breeding poterntial. The remaining 1592 acces
,ioris ' hich have ilt been screened w,ill he evaluated for futtre use. These gerniplasrns are 
stored at 1 C'and 45,, relative humidity for the short term. Table 2 indicates that covered 
harley occupied 87( and 6-row barley. 7 1. thus showing that most barley is of the 6-row 
covered type. I lowever. naked barley occupies 13,I . )f these, there are a few 2-row barleys 
\k hich were recently collected and have been inlproved for goo0d foond Lquiality. Forcultivation 
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TAIBLE I Collection and evaluation of barley germplasn. 

Year Until 1983 1984 1985 1986 1987 Total 
('ollection 2243 1673 937 2 166 1592 8611Evaluat ion 2 243 - 1673 937 2 166 7019('ornputerizition 

- I 673 937 Long-term storage 2 6102243 - I 673 937 2 166 7019 

IABLE 2 Types of lbarley gernplasm. 

6-rosed barley 2-rowed barley 
Total(ovr ed Naked Covered Naked 

3062 (59) 631 (12) 1459 (28) 49 (I) 52(11 (100%) 

in Korea, barley is niOW planted iti 6-row naked, 6-row covered and 2-row covered barley it 

order. Ihi the past it was planted in 6-row covered barley, 6-row naked barley, 2-row covered 
barley in order. 

I lowever, it is considered necessary to clange acreage according to chaigilg nCCls atsfollows: 6-row naked for Intnilacl.rino, 2-row coveredl for brewing, 2-row naked for high
qutaliyl food, and 6-row covered for feed. 

Ill 19 87. 25 (1 oermplasm samples were collected and s;creened for the major agricultural
characters shown inTable 3. 

It is considered that effectivC barley breeding should he concerned with longer spike, moregraiins per spike, and higher grain wcighl. Early Miturity is sought in barley production inKorea. IJweer. headting before 20 Apri I leads 1o dam age by chilling. There are tany barleyimlaerials for earliness, bitt chilling injury aftr heading is another problem in the search for 
im1 prov ed harley varielies in Korca. 

TAl ,lE 3 Range of sorle characters of' Korean 6-row I)arley (1987). 

Trail 
 Range 

Spike length 3-13 cmNo. of grains per spike 22-108
I O0) grain weight 12-49 g

Sicti lenglh 4 3-140 cmI leading dare 15.iv-15.v 

Utilization of barley germplasm 

VINIR HARiDINiSS 
Witer hiaririess varies according to the different cultivation areas. hnprovement in coldtolerance will increase the area ol'stable cultivation. Evaluation ofgerniplastn and breedinglinilo cold lilerance were carried otl at 3 localions ill Koreaal -5C.-7C,and -9°C averageiiimrmnl Inletipera itres durirg Januiary under 3 differenl culluial practices with high, colli

tiimtit aid low ridges, respect ively. Cold(1a iage was nieasured by survival Irate of iIllers andilidividual planls. Korea needs barley varieties wilh winter hatdiness, early maturity and 
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winter habit. This makes bred.li di filtlI because of cold toleratIce goinlg with late heading. 
RelatiotIs betwccn cold injury aidt( Iceadine date fbI 528 Korean land vari Ities are listed in 

Table 4. [lie,, %,,ih Carl,, headinm date and winelr hardiness were not observed in this 
exIerillenit. It appeared lhat ties sl, ing c alIv headine tiime wele the molst cold damaged 
po)pulatiOl,. ' 1t)nublori I ,\is Seclted for winter hardine-,s under average minimum 
teln]Iperatlre of - (" durhMi Januar, ad tued fbr crossing materials,. ('rosses between 
,)om-, ori I' ald othter tiItivars resulted i) sevcral cold-tolerance barley varieties. One of the 
limitil, uacltors for eXpalsion of cultivated areas for naked and 2-row barley' was extreme 
s,ceptlii ilh,. to Coldness dutirng winter months above the middle part of Korea. These 
varictics should be culli\,aCd onlyv il tIe southcrn part of Korea. Hlowever, naked barley 

o't('ll_ id 2ro . barlvey 'St.,on 2 12. v,CrC released for cold toleranice by Use of 
covered barle\ as cross Inaterials. (able 5). 

These rnuv, cultivars are being recommnniended for lhe middle part of' Korea. 

TAItI .IF4 Assocjaijoii heIl'.een cold (Iamage and(I Ieading date of 528 Korean native varieties. 

A.oiaion( Observed l-xpecled 0 - E 
(0) (E) 

l-ally he,adig 0 7.0 -7.0 7.00** 
Ntid-early headlng. 64 48.7 15.3 4.81* 
Lare heading 21 28.4 -7.4 1.93 
l-rieriely lare heading I 2.0 -1.0 0.50 

Ald ( ohd-amat,,cd 
larly heading 14 28.1 -14.1 7.08** 
Mid-early heading 190 196.3 -6.3 0.20 
Iate headinge 135 114.5 20.5 3.67 
Ftrretls tare heading 8 8.0 0.0 0.90 

,Mm/,(' ld-dalmilge'd 

Farl heading 29 7.7 21.3 58.92** 
Ntid-carly heading 45 53.8 -8.8 1.44
ILaw heading 18 31.4 -13.4 5.72* 
I'iutemelv late heading 3 2.2 0.8 (0.29 

2x 91.56** 

Significanr ar 5(.( level ** Significant at 1%level 

F.ABI.E 5 Winter hardiness of major barley varieties in Korea. 

Varier' t)onghori Othori Suwon 236 Suwon 212 

.-roy 6-row 6 row 2 row 
Co\'.eiCld or naked covered covered naked covered 
Cold dallae( ;) 30. 1 52.2 52.7 53.4 

NIIlISS 

I rder the double croppiig system, it is necessary to harvest barley before transplanting rice. 
To increase barley production, breeding for earliness is necessary because development of" 
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early transplanting rice cultivars (a.cross between Indica and .aponica types) preceded the 
development of earlicr barley varieties. 

I leadi ig in barley isclosely related to the physiological Iactors such as earliness in the 
narrow s.,nse. photlo-response, spring-winter habit aid col llerance. Cold tolerance has a 
orcat iIfnLeCnce on liading. In general, winter-hardy varieties resulted in delayed heading.

lInt spring b damaged by the cold. 'able 6 shows the springharleys in early headiig were 
wkinter habit of, barley varieties recently developed. 

'I AIllElC 6 ('lassi lication ogrgirmith hahil for Korean land races and ired cullivars (1979-85). 

Degree of growih iabit 

1 II 111 IV V VI Total 

Land races 55 3 22 282 37 0 399 

tired cultivars 118 37 95 54 0 0 294 

There are many spring types. lollowed by fewer intcmcdiate and winter types, indicating
the selection of earliness as a priority. Many gerniplasm types have been utilized ts crossing
materials for development ol early varieties since 1960. This elfort li:rs led to improvement
of niany barley cult ivars. These bred varieties and breedi ng lines were evaluated for photo
response. Thus, "'able 7. shows photo-responseSr of 264 released barley varieties and liines
Since 198( as 2 1 e.xtreniely insensitive. 5 117 insensitive. 171/Imedium and I I '/ ser1lti,ye.
This result shows that mlluch Cf'forl was given to selectin the insensitive lines to plholo
'e-,poise at late generations for devclopicnt of extreiely early barley varieties with crossiiig 

litne,, iiseisitive to pholo-rcsponsc. 

IA ILE 7 ( lassilicalion ollholoperiodism for Korean harle bred cullivars and lines depending on the 
dilfernce he sell siort plhol operiod (A) anild eariness in narrow seiie (11). 

Cklaiicafin 

t)itircrice 
-h -

Tested year All years 

lilt) 1982 l183 1984 1985 1986 No. (%) 

F\trlllcVl 
isen sitlive 

ti 2 2 17 21 14 56 21 

Inwsitive 11-2(0 37 19 20 33 26 135 51 

Moderale 21-30 16 5 7 7 9 44 17 

Sensitive 31-40) 6 12 3 2 I 24 9 

l.-wremely 41 - I 4 5 2 
sensitive 

Insensitive barley lines respond to short photoperiodisni before the winter or regrowth
stage, and usually head earlier tharr sensitive lines. Thus breeders have more opporturity to 
selecl the insensitive lilies. and many insensitive lines seleclted were utilized as breeding
materials. Table 8 indicales the relationships alliong pivsioloical I'cdlor related tlo ield 
headilri tt i tl(;i . arli e s,. 
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TABLE 8 	 ('orrelation coefficient among physiological factors related to field heading time and 
earliness in 1984. 

Character S G H M 

Earliness in narrow sense (L) 
Short photoperiod (S) 
(Grov, thhabit (G) 
Ieading time (II) 
Maturing time M) 

0.721* 
-

0.332* 
0.167 

0.683** 
0.697** 
0.269 

-

0.563** 
0.523** 
0.129 
0.73(]** 

Significant at 517 	 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 sense was highly correlated with short 
photoperiod. However, there was no correlation between spring-winter habit and field 
Ieading time. indicating that many spring types showed delayed heading time due to the cold 
datlliae. ligure I shows changes oftmaturity inKorean bred barley ctiltivars according to the 
\.,ear of release. MNaluritv of' 'Jogangbori' aid 'abgolbori' showed 10 day, carlicr heading 
ihan thll of B"BuhCung' aid 'Su,,on 18' which were widely cultivated in the early 1970:s. The 
earliest barley variety inKoret tnatures.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. 
It ilis headed before that date, barley plants will suffer sterility, longer mtaturing period, etc. 
frot chilling. 

Jun. 20 

15 _ 

-- Mean 

A J 

Y=27.58-0.24XT 
r=-0.637. 

I- i - A I I I I I 

1930 40 	 50 60 70 80 90 

Released year 
FIGURE I Changes in maturity of Korean harley cultivars released from 19310 to 1984. 

18 (S: Su on 	 II: Iluheun 1):)lori .1: .Ioganghori T: Tahgolhri 

http:tnatures.in
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Lolx;mi\; 

To improve 	lodging resistance, "Suwon I1'' was developed in 1932, and lHangni and 
Yeugi with semi-dwarftuess of the UZ gene in 1960. In the 1970s Olbori which has astrong
cIl and Iigh stem ies iilty was used for the improvement of lodging resistant varieties, 
such as 'Alhori', 'h13uhobori and "Pald;dbori' as shown in Figure 2. 

LL,-_:!_
rF11 -1 _21111--., 

[ Korean bred & L~andrace 

. -. Introduct on 

S Lotging resistance 

FtUURE 2 	Iineage for lodging resistance originated from Olbori of cov'ered harley culti'.ars bred in

Korea.
 

"Katnghori' 	 selected in 1975 from conibination of' Bisenwase' 'Haganemugi ', ishighlyresi stant to lodginhg with stiflness of culn and tall llant height (90 cm Several lodging 
resistant vntreties such as ',Doighori I','Dooghori 2', 'Duruhori, 'Oweolbori', 

'Naihachori', 'Jo1putlghori'. 'Saeolbori' and 'Chalbori" had been developed by use of 
"Kangbori as cross material s as shown in Figure 3. Naked barley such as 'Songhakbori',
'Mokpo 5 1"N"Manhori'and 'Saessalbori'. were also improved for resistance to lodging by 
use of the semi-dwarf gene "[UZ'. 

S IKE SPROi 	 I 

In the field, barley spikes occasionally germinate at maturing stage during rainy weather. 
In particular. tood harleys have more problems due to spike sprout, because they are waxy
and iiaked, 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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II 	 i , 

F £____ 

I ILodging re'sisanlce 

FI(;LJRE 3 	 l~ineage for lodging resistance originated fro)m Kanglhori off covered barley cultivars bred 
in Korea. 

'A!ttE 9 	 (.ermination rates, 40 days after heading under ditferent treatments. 

AiII 	 Moisture Sand bed 

Mean 8.5 5.7 11.2 

SI) 8.35 8.14 9.36
Range 	 0.7--30.) (-38.7 1-44.0 

rABIE 1t) (erminatiLn rates under the sand-bed method. 

Days after heading 

20 30 40 

Mean 0.48 0.38 11.3 
S) 1.34 7.82 9.36 
Range 0-5.0 0 -31.0 1-44.11 

were developed lo find better screening methods for spike sprouting. In these barley seeds 
were treated with ft:O:, moisture, anc a moistured sand bed. Many germplasn types
including breeding lines and recommended varieties were screened, and those selected used 

as cros's materials fo~r dlevelopment o}f resistance varieties (Table 9).
The sand bed mnethod is best, showing higher mean germ nation. Studies 0 3 different 

wrtes for spike sprout indicate that treatment at 4(1 days after heading was the best (Table 10). 
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TA ILE I I Sprouting rates according to wx and naked genotypes (1987). 

'lassification No. of varieties Mean SD Range 

NN WxWx 
NN wx 
I)iffcrence 

74 
6 

6.83 
18.05 
II .22"* 

7.27 
9.02 

0-30.6 
7.3-31.3 

[n WxWx 
1111wrxXsX 
)iffrence 

35 
22 

8.0)9 
18.50 
10.41 * 

9.62 
9.94 

0-38.5 
1.9-40.7 

11 Sigiulicant ait 1% level 

TABILE 12 Sprouting degree of major varieties in Korea ('83-'86). 

(lassificatio, Range 
6-row, 
covered 

6-row, 
naked 

2-row, 
covered 

2-row, 
waxy 

?,elow 51( Dtongbori 2 Iri 1) Dusan 8 

Medium 5-20% Saeolhori 

Paldalbori 
Bunong 

Baekdong 
Songhakbori 

flyangmaek Chalbori 

Ileavy Above 20 l)urubori 
Nambachori 
Kangbori 

Neulssalbori 
Ii 15 

Sacheon 6 
l)usan22 

Suwon 235 
Suwan 236 

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 wilh them. Table I I 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 di fetrences of spike sprout among 18different cultivars. Iongbori 2',"lri 9' and 'l)usan 8' showcd < 5( of spike sprou,'ing and(spike sprouting oi 'Suwon 235', 
'Sacheon 6' and "Nctssalbori" was > 2M; . Recenl studies have concentrated intensively on 
the development of resistant varieties by use of gerniplasn with covered varicties having 
resistance to spike sprout as cross materials. 

l)ts;.\sll 

Barley diseases are not a serious problem in Korea. Htowever, there are two potentially 
important diseases, 'powdery ilidew" and 'barley stripe disease' which frequently attack 
plants. Studies were undertaken to select resistant cultivars to control powdery mildew. As 

TAB.E 13 Distribution of breeding lines and recommended varieties on powdery mildew. 

Trait R MR MS S 

No. of varieties 208 20 77 560 
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'ABI. 14 	 Pearlingand cooking characteristics or SW 235 with w x w × tin compared S'iessalbori 
\I' W. NN. 

'cartcd grain 
(ullivar 

,.\ mNlowe Water Pearling 
10111C11 WhlIIeness NVT MV9m v onsislvw-y ahsorplion Fxpandibility rate 

(; )C C) (B ((Bil) ( (7 (17,) 

S, 235 
S.ic,,albor 

5S 
22.7 

49.1 
4o.), 

70.0 
()2.5 

I 770 
450 

107 
54)) 

2f)1 
214 

452 
I(O) 

77.4 
74.8 

• rem tl, many varieties resistant to powdery mildew Aere selected as shown in Table 13. But 
breedig fIor resistance to powdery mildew is not vigoronsly carried out because tile disease 
cA'nWc, o)ly sporadic damage to barley plants. 

Barlcy stripe disease occurs under conditions ef high temperature and high humidity after 
\\ inter fioilhts. I'vel though the disease is systemic, it :anl be prevented by chemical 
lcal ct. Recently selcclions for barley stripe resistance were made. Of tIlose tested, 569Y 
arc resi slalt varieties. 

( ')i l~ 

Barl',, is used as Iood in Korea. Thus. pearling and cooking quality is very importanlt. Barley 
is mixed with rice for cooking. Norl-waxy harley is characterized by the poor absorption of 
vkaler. [he barley has to be soaked in water f0r one day before cooking, or boiled before being

illx Cd wN.ith rice for cooking. But waxy gertypes easily absorb water. Thus, the wvaxy variety 
'(Chalhori" \was dcvcloped in 1984 by the ba.k-cros method. By use of this variety is cross 
mlatcrial 'Suk on 236 and 'Sutwori 235' whici have waxiness and takedness were developed 
in 19.X7. Table 14 indicates the diflitcCCs (If 'Suw'on 235' (waxy and naked) and 'Saes
sal hori' nn-\ ,ax vind naked ) on peirling and cookirtg qualitics. Waxy vatriety 'SuLwori 235' 
slo, cd ,wer ( I, lower gelatination tenlperatre (70()C, and lowailylose content I5. 
consistency compared to nron-waxy variety 'Saessalbori . I lowever, "uwoin 235' showed 
betier whi tless, inaximull viscosity, water absorption, expandibility and pearling rate. 
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Utilization of ecotypes in forage grass breeding in Japan 

) IIRAI)A 

Fiorace grasses are not indivnO OtiS1o.1aiparn, hut were inltro ed lr(n1 a1broad abootl ole 
hundred years ago. aid some grass species, such as orchardorass, lirnolhy and lialian 
rveeras.S, Were adaptable to ihe ,hapinesc envirolllllcllt. Thesc Species lhae restlled ill 
\alnahlc ccotp.es by natural selection 1for Irany \cars. The po)p1tilatiolnS are helerOlcnCoLs 
and have large genetic variabilitv and gCn c adaplahh." to th1I Japanese clirmate. Thcv have 
tbecn used as breeding maCrial, alon with newly ilrirdUced Ioreiori cniCtic rCsorrcCs. 

AI present. wc have 51) .Japanesc varirC'iCs o1 15 sp'ciCes: 18 (32' i lrC dChvClopd frorr 
ccotyp and 14 ( 25 14 1)from both cCOt\IC, and IoreCir gerrilrla,,ns. ThCv arC cullivalCd 
widcly over a large area on grassland ir .lian. Thi, irrdicate,,thrat co) s ra\'C provsided 
er\ llrportallt elle sources for grass, hrecdine inl Japan. 

A rtes\ research project Io tieltili/ali of ccolypes started from 1984 in MAFF, and 
I 5() ec'olype germplamirs have hcci collected and arc nosv hemig evaluated. 

Shori history o' Japarese irage grass ecolypes 
More thanl ten species of cool-scason gra,, es .arid legurnies aInd several species of lwaru

sea ,rl eratsscs are cult ivalcd for lage po d ucL i tho Ioul 1apan, hecause of' lhe d iversity1 'ig 
of clirimalic conditions. 'These species ar riiot nalive hut were introduced from abroad less than 
thrce hrtrrndred years apo (Table I I. 

I ABE.1K I Introduction ad1(I eotYle Iornalion ol lorage grasses io Japan. 

SIpc( ic, I"rst Ad:plali n Acreage runder Ecorype 
inrroduction area cultivation formation 

htiliai r. ,era, 
cIi,,nnial r.eg ra1 

t870s 
870Is 

('-S 
C-N 

Very large 
Small 

Very higlh 
Low 

rchr ,,rs 
I mIllui 
Il I Ic,, Ut 
ic i IO%IL,,cUC 

Siiolh hronicuniss 

IX70s 
I870s 
170ts 
I870t(s 
187(0s 

N-S 
N 

N-S 
N 
N 

Very large 
Very large 

Large 
Large 
Small 

Very high 
IHigh 

Medium 
Low 

Very low 

llI 
Ialh. 

e';IS 
1I,, 

lI152 
190)t6 

S 
S 

Very small 
Very small 

Very low 
Medium 

Rlhodi 
(outtrcd 

e'as 
Luincagrass 

1960s 
1960ls 

S-C 
S-C 

Small 
Very small 

Low 
Low 

1960s( S-C Very Small Very low 

Red I AlI 
\\ilr'1oC c 
.lahl 

r 
1600(s 
16(0Os 
Il170.s 

N-S 
N-S 
N-C 

Large 
Very large 

Medium 

Itigh 
Iligh 
Low 

N N rlicni .Japan. C: ('Cenral Japan. S: Sotirhcrn Japan, 
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Red chover. Trn/ilium pl c',.and w, ite clover. 1'. r'penx, were inviodticcd from II 
Netherlands in the I ((s s ith oliher imported goods.

AbhOlt Onte hndre.d years ae, a\llyspecies of cool-scason grlsses and legullle: wer 
intrOdaceCd hV fhlJJpailme ,c( uscinciti+I flile iSA in1order to find out W,hich +Wet
adiaplaihie to .lallint.,,chiiiate. Ce"eccially to that iIfI lokkaido. In ihe experimental field testI 
in Ilnkkaido. si-,e ilii them failed hliadaj)t, bnt ',%eral ,pccics stir ived and becaile adaplc
to th. of 
Sint~h>+ IJ/u, /iI1i/ixim'. crc most plroiisine and \ idcspread in ! okkaido and Tohok 

Climakte mid .,iil I lhikkaitih ('ilibe 21. ()rchardgrass. I)hivi.%g'/imu'riml. an 
m, 


reins. 11hev scrc cnllivalcd in pistirCn and iealdows, hill ,ome pllts escaped and hccain 
iialuirai/jei on the roal anti river side tillon olicr ilative weeds, antd chaged into fiitnuralize, 
piiptilat 141s. 

IAIll, E 2 First introduction ot grases dn( It-gumtnes inIlkkaido, Japan, fi'rm USA, in 1877, bYW\illiam 1'.Blruck. 

Species Amoiini of* Picscilicultivation aind dislrihitiion 
introduced seeds (Ib) 

)rchardgrass 300 IPopuhu in ill olkkaido. Esce+iped plants ire 

Timothy 
Tall Iescue 
Perennial ryegrass 
Italianryegrass 
French ryegra..-s 
Kentucky htIC grass 

300 
50 
40 

40 
40 

150 

naltiraliied on ioa(is and riverside. 
The safi as above. 
Iew but pIoniising r heel-cattle. 
Small area, less %iinterhairdiness. 
Only snnmr anrual cltivation. 
No. 
Popular in pistures. I:seaped plants are 

Red top 
Sweet scented vernal 

150 
30 

aggressive in old pastures.
Extremely fev in pastures. 
No. 

grass 
I lungarian grass 100 No. 

Red clover 150 Popular in Iixed grassland. Escaped plants are 

White clover 
Mangold wurzi 

75 
6 

naturalized in [he fields. 
The same as above. 
No. 

Turnip rutabaga 
Turnip swede 

6 
4 

Extremely small area. 
The sane as above. 

Meadow fcscue - SCm i-popular inthe mixed grassland 

Ailfalfa 
with orchardgrass, timothy and clovers. 
Iromising species, recently rapidly enlarged 
Ir its excellent quality. 

Seventy to eighty years ago, several national livestock farns and a few private livestock
fars were lonned in all parts of Japan, and some of the cool-season grasses, such as Italian 
ryegrass, LWlum milt flor-um, orchardgrass, red clover, white clover, etc., were inlroduced 
atnd cultivated. Ifarvested seeds were stored for the next sowing.

Through many years oftiatural selection and regeneration, their progeny has acclimatized 
to become ecolvpes or local domestic strains ofJapan.

In 19(16, daliisgrass. Pasla/um dilualum, a species of' warm-season grass, might have 
come tfrom Australia to the nalional livestock larm intthesouthern Kyushu. together wilh hay,
when horses werc introduced. It escaped Iroti the field to river sides, spread and grew as a
weed everywhere in Kyushu by tnatutral propagation.

After World War II,tiany species of warm-season grasses were introduced from subtropi
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('haracteristics ot forage grass ecot,ypcs 

All lw cont\ pC',, I l\ e chalacteristi .csof'early m-taturing, erect growth, stemy plant type. 
120d \\ il.-r or sumit+'ritolerance. nedi ldisease r:..,las lsta.nce. ioderatehigh seed yieldland 
bItraC. eld. I'arl\ [)at Uriru plis arcV conronlv fotund in many ecotype )opulations in 
orCI1~it~lerard'. tinot~li ntdeIlover. Ih ccotvpcs oflor.hardgrass have good winter)kkaido 
hardines arid illld jirftil nury: Miyazaki and )kayailaccotypes 
Iwld poulationl hil\I Ce 'llcnt ratirner tolcaricc. 

illt s itli thsC clIracterlslC!, arC lionulit 1t0 IaIvC gainied sClctti\'e advantagC over 
coti petirt pinpiltnnlsm over a long piriod. 

)rlarderas,, an Italian ll~ryCtorajSS et:Clvpes', Verc not resistant to brown slip disease and 
cros n rust diseseC,respectivcly. Natral se.lcCtion may hC hCSS Cffective for Ihese leaf 
(liscaC,,, hecC,.anSC thl+'v catise (laiiaeeIo seed fornIation.do lot CfiOtLI 
Since all of the cool-season orasscs are cross-poll inated and helerogencous., these c.ot ypes 

hac large gcenetic variahility and adaptive genes to JajuCaese climate aid NOls. In addition. 
irl inportailt aspect of ecotlypes seems to be the potential variation hidden under apparent 
Liforlity (f phenotype, and selective effects of the ccolypus are hiIher than forcien or 
improved varieties. 

For these reasons. .apanrese ecotypes have heert utilized as vduable breeding materials. 
.stlng Mitl newly introduced foreign genetic resources, since tile19 5(0s \whel the Japanese 
,rceding projeci started. 

Utilization of ecotypes as )reeding materials of forage grasses 
In I 964. a flirage-grass breeding organization was established with 13 laboratories of I I 

-laitions located from eastern I lokkaido to southern Kyushu (Figure I ).Several grass species. 
which have proved to be promuising incultivation trials, were employed to breed new varieties 
adapted to Japarrese environnents. Species lor breeding were determined ineach breeding 
station according to their environmental condition. 

hc first step was to collect and evaluate the ecotypes from tileold farms and pastures. 
('omparatlive breeding methods were Used for selection from the ecotype popultation, and a 
new variely was First released in 1965. 

From 1965 to 1987.56 varieties of 15 species have been released including public and rion
public varieties (Tble 3). These varieties are classified into three groups according to 
breeding materials : I ) varieties selected from ecotypes or domestic strains originated from 
ecotypes: 2) varieties developed from both ecotypes and foreign varieties ;3)varieties from 
foreign varieties or strains. 
The first group has I8varieties (32(/ of total) including 7 varieties of Italian ryegrass and 

5 varieties of orchardgrass. 
The second group has 14 varieties (25%7o) includirig4 orchardgrass varieties and 3 varieties 

of Italian ryegrass and red clover. So. ecotype genes are efficient in32 varieties of 8 species, 
v,hich are 57(/ of all Japanese varieties. 

In the early stage (ifbreeding work between 1965 and 1971. the breeding materials were 
m-ostly ecotypes of Italian ryegrass, orchardgrass, timiothy and red clover. In the period 
hItsveern 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 
seleclion from ecotypes decreased, and the varieties and strains f'rom ecotypes in the early 
period of breeding were used as breeding materials. The efficient combination between 
ecotypes and foreign germplasnis is more important for the next stage of breeding. 
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I I IM I01 

K )II Slit 

URE I Iation of Breeding Stations. /; 


KteN
 
I. Kitami Agric. Fxp.S ta. : Timothy. Smo~oth bromegrass 
2. 1Ihokkaitho Agric'. tExp. Sta. : Orchardgrass, Fescue, Red clover, Alfalfa
 
.1. Tohoku Agric. Exp). Sta. : White clover
 
-1 National (Grassland Research Ins titte : Orchardgratss
 

Ilukurihu Agric. Exp). Sta. :Italian ryegrass,
 
0.Ibaraki Livestoi.'k E'xp. Sta. :Itaian ryegrass, white clover 
7. Yamana,,hi lDair~v Exp. Sta. :Perennial ryegrass 
S. Aichi Agric. [-xp. Sta. : Alfalfa. Panicurn
 
.YamaLguchi Agric. Exp). Si.Italinrcrs
 

10I.KNvushu Agri. Exp. Sta. : Tall Fescue. Tropical grasses
 
11I.Kagoshdina Agric. Exp. Sita.
: Baihia grass, Rho~desgrass 

Table 4sho'wsal Ithe varieties ori._vinated from ccotypes relcascd by MAFF. InalIecotypes,
the T'ottoriccotypc of V'alian ryegrass is most i11portant; it was used to develop four varieties,
i.e. Waseaoba, Waseyutaka, Minamliwase and] ltaruaoba.'TheTottori ecotype was registered 
on [lie OECD variety list ]in1967, named St. Toltori. 
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A \111.1.: 3 ('lassilicaliw; of hreeding materials in lapa nese %arielies.
 

SpcL ic' 1905 -71 1972 79 1980- 87 Total No. of 
1: M F I M E: FM E M F varieties 

]lllan I+)Ctlals 3 0I 0) 2 2 3 2 1 0 7 3 3 13 
IL r,,esre, 0 0 0 0 0 2 0 0 2 0 0 3 3 

()vc itd 'itav 4 ( 1 0 2 I I 2 0 5 4 2 II 
Ii0lh\ 1 0 1 0 1 1 0 1 0 1 2 2 5 
I'l"uc 0 0 0 1 1 1 0 2 1 1 4 
M\ml',; Iw"c1 0 0 0 0 0 0 0 0 I 0 0 I 1 
Siiticllhllll igras, 0 0 0 0 0 0 0 () I 0 0 I 1 

f.I, ('1h0 0 I 0 0 I 0 0 1 0 0 3 3 
I0liK #la s 0 0 0 0 0 0 I () 0 I 0 0 I 

lodIv m s, 0 0 0 0 0 0 0 0 I 0 0 1 I 
(Iilitl guineagrass 0 0 0 0 0 0 0 0 1 0 0 I I 

0 0 ( 0 0 0 0 0 1 0 0 I 1 

RIdcIcr I 1 0 0 2 0 1 0 0 2 3 0 5 
W\hit c'IMCr 0 I 0 0 0 0 0 0 2 0 1 2 3 
A.lI;ll 0 0 0 0 01 0 1 I 0 1 2 3 

"tal 9 2 3 3 7 10 6 6 11 18 15 23 56 

I: -ctl. lie and domnestic strain bred fronmecotype. 
\I:NII\cI tili,/atiion both of ecotype (E) and foreign gennplasni (F). 
I: Varieties bred from foreign geniplasm. 

I lokkaido ecotypes of orchardgrass and timothy are also valuable genetic resources. 
because the leading varieties in Hokkaido, Kitamidori orchardgrass and Senpoku timothy 
were selected from the many populations of' Hokkaido 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 foreign germ
l)lasnls became pop)ular in cross pollinated grasses, in order to promote hlcterosis. 

New project for the future utilization of ecotypes 

Ecotypes are valutable as breeding materials with their tolerance to environmental stresses, 
stich its their tolerance to cold, snow, heat, wet and drought conditions. 

Recently, foreign varieties and newly released Japanese varieties have beetn grown in all 
grasslands of'Japan: therefore original ecotypes were eliminated and become spotitanCously 
crossed with these varieties. Genetic erosion of the original ecotypes is becoming serious in 
Japan. 

A new research project of ecotypes started in 1984 in 14 laboratories of 5 national and 2 
prefectural experiment stations. Collection of ecotype gerniplasns and development of 
practical methods of evaluating stress tolerance are our present tnain concerns. 

From 1984 to 1986, we collected 15010 gernplasms of seels and plants f'rotn all over the 
country (Table 5), and they are now being evaluated in the breeding stations. We hope to find 
materials and methods for developing varieties with broad adaptation and high tolerance to 
unfavourabie environments. 
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TABLE 4 List of grass and legume varieties developed from ecotypes released by MAFF. 

Y. TE'RADA 

Variety Year 
Breeding

Station" Material' 
No. of .itain 

F F -cotypes 
]h11lhlnrvegraL.s 

Wasehikari 
)obahikari 

Waeaohla 
Wase.,u taka 
Naisuhk an 
Nian im ase 
Miyikiaoba 
I laruioha 

1965 
1965 
197(0 
1972 
1974 
1977 
1983 
1987 

4 
4 
5 
9 
4 
9 
5 
6 

F 
F 
E 
E 
M 
M 
M 
E 

I 
I 
I 
3 
-
4 

14 
3 

0 
0 
0 
0 
-
7 
4 
0 

('hiha Livestock Fxp. Sta. 
Ilillside of MIt.Yalsugadake 
Ttfori Livestock Farm 
Tottori. Kuroishi. Kochi 
Total 17 strains 
Kuroishi. "l tori, Kochi. lharagi 
Nigala 
'l'ottori.Miya/k ilK uroishi 

Aomuan i 
Kilamhri 
Okarnidori 
AkiIIidOri 
Makihaiiidori 
Wasemidori 

1967 
1968 
1976 
1976 
1981 
1987 

4 
2 
2 
4 
4 
2 

E 
E 
M 
M 
M 
M 

1 
6 
I 
6 
4 
5 

( 
P 
7 
2 
4 
3 

Kariwano in Akita In I. 
I lokkaido 6 places 
Eastern I lokkaido 
Okayama. FIikishina,Tottori 
Fufushiina 
Eastern IHokkaido 

1 "noth\
Senpoku 
Nosappu 
Ktnpu 

allfi-scue, 

1967 
1977 
1980 

1 
1 
I 

E 
M 
M 

17 
2 
2 

0 
2 
1 

Ilokkaido ecotypes 17 strains 
Aomori Kushi ro 
Hlidaka and Kitarni (Ilokkaido) 

Ilokuryo 1972 2 E I 0 Tukisain (olkkaido) 

)allis grass
Natsugurno 1980 10 E I 0 Shikine in Kavshinia prf. 

Red 'lover
Sapporo 
Nishiaka 

1966 
1974 

2 
4 

M 
M 

-
3 

35 
36 

Hokkaido zairai 
2 from Iokkaido, I from Chiba 

W1'hite clover 
Kitaooha 1971 3 M I 36 Morioka 

A lfi~fi 
Kilawakaba 1973 2 M 9 5 7 from IHokkaido, 2 from-lonsha 

Refer to Figure I for member of breeding station 
Refer to Table 3 for classification of breeding materials 

''ABLE 5 Number of ecotypes of forage grasses collected in Japan in 1984-86. 

Specoes Norh" Central5 South' Total 

Timothy 50 27 4 81Orchardgrass 73 76 137 286Tall fescue 39 38 197 274Perennial ryegrass 9 4 8 21Italian ryegrass 5 52 112 169 
Rhodes grass 0 0 152 152Coloured guineagrass 0 36 0 36 
Red clover 75 32 52 159White clover 56 35 126 217Alfalfa 19 95 
 2 116 

Hokkaido and Tohhoku. 
Kanto, Tookai, Kinki and Hokuriku. 

C Chugoku, Shikoku and Kysushu. 
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lFcotype differentiation and geographical distribution of indig(
IIouLs rice varieties illYunnan province ol'China based on estera& 
isoi),me loci 

(IN( .I.\\ It! \.\VAN(G ]It;SI YI, INOUI"MASAKATSU ANI) NAKAGAtIIRA MASAIHIR) 

To improve rice varieties in Yunnan province in China, a collaborative project hetwe 
Ytin n Ac ademy of Agriculttnr;al Science. China and the Tropical Agriculttire Resean 
('enter, Japan was initiated in 1981. Since then, we have f'ocused on the utilizalit
 
inldicenons nnSanlll.ll
rices hearing resistance genes for pests and diseases, cold tolerani 
during growi and Iflowering slages. and the other helpful agrononlic traits. 

As one of ihe aihis of this collaborative sltldy Ol rice breeding, we are trying 1o evalua 
indigenous varielies o1 rice in Ynunan province as mother materials for fLture breeding.

Il order to clarify the geneic diversity of cultivated rice varieties in fhe province and 
evalt le oil varietal groups, we attempted to find the extent of isozymthem the level of 
poly morplisin. As the firststep. we adopted the esterases, because it is well known that Ih. 
l1a\e inai1v foci and \wide variations within (lie species of (')r'-asaliva L. 

Mlaterials and method 

\I I \I \-\\",I)/F) 

'I lhe materials used totalled 426 varieties as shown in Table I.Of then, 392 varieties wea 
obtained froni Yunnan Province and were mostly indigenouis except For 49 improve 
\arielics. Inaddilion. 13 varieties were froni other proviiices, 15 from Japanad 6 from oht 
,touthern countries of Asia. 
To iake geographical distribution clear, the Provinces were divided into seven regions i 

a Icclrdance wit Ihtfle climatic and agroecological conditions as shown in Figure I and Tabl 
I.Ten planllsseeded were heavily fertilized al 4-51h leafstage so as to be given aclear eizyi
a[ctiv itly. 

IABLE I Materials usedllnd tlir seed sources. 

Number of varieties 
No. Regional division.
 

Indigerous Improved Total
 

I Nortlmo tregion of*Yunlan Province I1 0 I1f
 
2 Mitt-north region of unmman Province 30 
 38 68 
. i region o 'ummn I1rovince 6 0 6
I Stoutheast region of tllnlll tProvince 18 11 29 
5 Solilh legion I of Yunnian t'rovinice 129 0 129

0 Solli reg.ion 2of Yunnan Province 65 0 65
 
7 Soullies region of YtLuliiall
IPro ince 084 84 

lal inYnan t'rovince 343 49 392 

8 Olier Provinces of China 6 7 13
 
I Japan I4 15
 
I() (lier Asian Counries 6 0 6
 

ll 350 70 426 

A ,,A..d-%...- ALP .'L ;, 

http:nnSanlll.ll
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l;\ IIR<\('io)N(IO riI .I,\I IRiAIS 

After lntur diays of fertili er application. 2-3 plants (who le parts o top) were sampled and 
imniediately >,torcd it -15-'C until use. 'The fttom.eu materials were mashed by a speciallydes+eloped hlimoeerui/er attaeed loanl electric drill Itoobtaint well crushed ltissnes (Nakagahra 

ct afl. I970). The crnde Cxtacts' were prepared wilhotl fhe addition of ally blufflCr soluiions 
Or di,,illed wraler to optimize the intensity oteu'clzyc activity. They were then safely stored 
under the oririial conditions for several iiotlihs. 

I R ORiSIS)Im 

Fl I.tropl oresis for esterase iso/vlnc were PClrfk rn ued by the horizontal agar-gel thinl
laver tuelhod (Nakaeahra et al. 1975). The gel medium contained 21.4 of agar and 5(/I of' 
1)lyVinvlpyrlidOi(C in) abCroral bnffer sotlutio (11( ul0.8). Alter electrophoresis, the activi
tie,+of' C'sterCises Olnthe plalc \wcrC stained by the spray method using u(..p-naphthylacetate as 
the subtIrates and Fast Blue I salt lor the stainling. 

Results and discussion 

( 1 I \IIAli \ II()NS ( IlsI-IRASItS IN YU'NNAN PRO)VINCE 

Act i\ilis ofesterase isozymes were observed in all kinds of bands. Nine alleles out of four 
hnci \khich were already known from their genetic control and a new allele, Band 2A. were 
traced a, the markers. '[hey were Est-I, Est-2, Est-3, and Flst-4 has 2( IA and null), 3(6A, 7A 
aid mull 1.2( 12A and I3A ). and 2( 1OA and null) alleles, respeclvcly. Band 2A migrated close 
1t IA ut fiaster than IA, so that it has a possibility of' art allele of' l st- I. 

ludicenous varieties of Ytrmnan Province had all tlre kinds olallelic variations which were 
theoretically expected, but als() had a new allele representing Band 2A (Table 2). Figure 2 
dulntinstrates a /.yrograrn variialion coincerning Fs- I. I'lst-2 and F'st.3. Figure 3 shows the 
presence of' Band I(iA (Fst-4 ). Figure 4 is an example ofaeiicw /yn grarn concern rig Band 
2A. Then. it was generally recognized that the province lhai wide allelic variations like the 
neighbouring areas of Burma, Thailaid and L.aos, where rich diversities were displayed as 
reported earlier (Nakagahra I986a). 

TAIILE 2 P'rcentage occulrrence of eaci at'llle i the Ialsiaterh used. 

Alkhtcs obsrvcd 
No. of 

Source o' varieties Fst-I Est-I +sl-21 Ist-2' Isi-2' EIst-31 Asl-3' Es -4 Est-4' varieties 

Yunnan Province 9).8 9.2 10t.5 14.5 75.0 57.7 42.3 32.9 67.1 392 
Otther provinces inChina tO.0 (.t) 0.0 7.7 92.3 61.5 38.5 15.4 84.6 13 
Japan I0 .0 0.0 t.0 0.0) !(X).0 I ).0 0t.0 0.0 t W.0 15 
Other Asian countries 16.7 83.3 33.3 0.0 66.7 66.7 33.3 0.0 t00.) 6 

Dts' ITRItTON OF (iINI. IRIEQUENCIFS 

The gene frequency (Ifmaterials used was 90.8% in Est- 1,9.2 in Est- I", 10.5 in Est-25, 14.5 
in Est-2' , 75.0 in Est-2 t . 57.7 in Est-3 s , 42.3 in Est-3', 32.9 in Est-4 and 67. I in Est-4", 
respectively (Table 2). 

After dividing the province into seven regions based on the climatic and ecological 
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. I and 2 (Table 3). Average gene diversity (1I) was lowest in region I 

http:fttom.eu
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Variety 
F"(;IU.RE 2 All possible combinations (f eslerase isozvme genolpes expected by 7 alleles of3 locifound

in Yunnan rice. 

Anode 

I VA 

-IA 

.,". 	 O rigin 

FIGURE 3 	 Examples of zymogram variations and a new iszvme of eslerases, Band 10A,found in
Yunnan rice. o e 
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Anode 

A' 
11 

. .. . . - , O r ig in 

1 3 4 5 6 7 9 9 IO II 

Variety 
VIlG1R F 4 Z .mogran patterns shio ing a nei, l fivfound isos nmeallele, Band 2A, in southern parts of
 

Lunnani proif,ce.
 

\aritl No. I, 4 and 10 ha, band 2A, respect isel. 

TAIE 3 I)istrihution or allelic frequency of each region of Yunnan Province and its gene diversity. 

Frequency of allele in 
No. ofl No. of' 

No. R g rion' [-1- I (2A i 1' [t- 1-2' ItE-2' 1tt-2" 1-t-3' E i-3' [Nt1-4 [st-4" alleles IH varietics 

I North'l et IX () (,00 (0 (R, X0 ((,(O 0.91 1.00 ().(K()0.0(1 I.(x) 5 O.0 II 
2 Mid-north I,(Xl .110 (.(X) (MiXl 0.0(0 (X) 0.3 0.17 (.(7 0.93 6 0.10 30 
, ,id-%kest 10) 0() (.0 () 0.17 ( ).( (.8 (.50 (.5(0 0.50 0.50 7 0.32 6 
-1 Soutleaiix0.(49 (1.(6 (0(,0 (OXI (.11 (.T7X 0.67 0.A (.33 (.67 ) 0.34 18
 
5 Southl 1 0 7 0.()31 .1 (0.10 0.(19 0.81 0.4X 0,52 0.40 0.61 
 I0 0.34 129
 
, Soluih 2 0.74 (.26 (0.03 ((.17 0.28 0.55 0.59 ((.52 1.28 0.72 
 10 0.46 65 
7 SmtIthv,N (0. 83 0 17 (.07 0.14 1).14 (.71 (.45 (.55 (.34 (.6 I0 0.42 84 

'II 11 ( Il (.(7 (.11 (.14 (.75 (.58 0.42 0.33 011 10 0.39 392 

Rcetnn ire tis ided into 7 as shown in Table I.
 
1t .\o CcC e siNt (N 'I 19751
 
Ink lUriC, P1) imupro%etd \';.rielit' . 
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(Northwest), and inci;ted lowajrd, tileSouth. The fiequenc' of each alilee has a conmant
geographic tendency in the dirtection of south to north. Thise results indicaie that varieties
in the southern parl of Yutman Province comprise a wider range of gen 'tic variations than 
the North inthe iso/inle alleles. 

IA II,F 4 (;tograI)hical cli ne in Ihtit'requencies o'esterase genlolYpes in Yu'an I Irmiitce. 

Regional division 
(;ltoype., Nolrhwest NIid-irIh Mid-wes Southeasi South I South 2 Southwest 

SI 
2 

3 
I (16.7) 

(5.6) 3 '2.3) 
4 (.l) 

I (1.5) 
t (1.5) 

3 (3.6) 

4 
5 
6 
7 
8 
9 
1 
II 
12 
13 
14 
15 
16 
17 
18 
I() 
2) 
21 
22 

23 
11 (100.0) 

2 (6.7) 
4(13.3) 

I (3.3) 
23(76.7) 

2(33.3) 

1(16.7) 
2(33.3) 

1(5.6) 

5(27.8) 
11 (61.1) 

2 (1.6) 
6 (4.7) 

36(27.9) 
14(10.9) 

4(3.1) 
1 (0.8) 

4(3.1) 

7 (5.7) 
45(34.9) 

I (1.5) 
4 (6.2) 
6 (9.2) 
I (1.5) 

8 (12.3) 
3 (4.6) 
I (1.5) 

2(3.1) 

5 (7.7) 
I (1.5) 
2 (3.1) 
1 (1.5) 
3 (4.6) 
1 (1.5) 

19(29.2) 

4(4.h) 
2 (2.4) 

1 (1.2) 
14 (16.7) 
15 (17.9) 

1 (1.2) 
2 (2.4) 
4(4.8) 

3 (3.6) 
3 (3.6) 

I (1.2) 
2 (2.4) 

21 (25.0) 

24 
25 

2(1.6) 
1(0.8) 

3(4.6) 
2(3.1) 

1(1.2) 
6 (7.!) 

No of 
genotypes I 4 4 4 13 19 16 

IotalNo of 
varieties 1I 30 6 18 129 65 84 

Gcn .'psin agameie phase are I: E-IE.2E-2 1 1 -4, 2: E- IE-2sE-3E-4', 3: E-I'E-2SE-3FE-4, 4: E- "E-23E-4, 5: E- I E-21 E-31 E-4,6: IE-1E-2-2-3EE-4,7: E-I2E- 3'Y-4, :E I"E-2 E-3'T-4' 9: E-I E-2"'E-3E-4,
1:F-IE-2"l-3 E-4'. II: E-I"E-2"E-3E-4. 12: E-IE-2"E-31E-41, 13: E-IE-2E-3E -4,14: E-IE-2sE-3%E-4',

1"E-2'l--3F-4, 16: F-IVE-2sE- 31E-4 ' . 17: E-15:E.- IE-21'F-3'E-4, 18:E-IE-2E-3SE-4, 19: E-IE-21F-31j-4,2)): 1-11--21 E-3TF-4,' 21: E-IE-2"E-3F-4.22: E-t E-2"F-35lj-4". 23: E-IE-2"T-31 --4,24 E-I E-2"E-35tF- 4',
and genorvpe 25 is the others concming Band 2A. The gene symbol F is icabbreviation of Et of the 
esierase toCjs. 

Gio(;RAIlIII('At. 'I+INI (;ENOTYIS IN YINN,tN PR()VIN(F (N TillF 

Clear geographical dines of genetic markers are frequently found by their genotypic
combinations in some crop species. Rice plants are a good example as reported earlier 
(Nakagahra e[ al. 1975). Genotype frequencies combined by the four isozyme loci, which 
amoult theoretically to24 combinat ions isshown in Figure 5, were calculated in each region.
The largest diversity of the genotypes was observed in the southernmost regions in the 
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Origin Anode 

I 	 I 1-2S-3-4 

2 	 1S-3,-40,-2II 

4 	 1)-2S-3F-4{) 

6 	 1-2 -31'-4,I 10-2SJ,<-31 4
 
7 1-2-31-4
 
8 	 10- 2S-31 40) 

9~ 	 120)-3F-4 

K) ~ 	 1 20-3F-40) 
II ~ I~ I 1to20-3F-4 
12 LU10- 20-3 E*-40 

13 0 I I -2S-3S-4 
14 0 J 10-2F-3F-40 

L5 	 f 10-20-3S-4 

16 10-203S-40 
17 1-2F-3S-4( 

18 	 Ia 1-2F-3S-40 

20 II 10-2F-3S-40 
21 1-20-3S-4 

22 j 1-I20-3S-40) 

23 - 10-20-3S-4 

24 j 10-2S-3F-4() 

No. 	 Cd NOTYPE 

FIG U RE 5 	 ivflagra in patt ern% expected 1)' tilie COiiihiflat ion of 4 esterase loci. 
Y'unnnn rices have all kinds of genot'.pes except No. 23. 
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F-It!IR[I 6 	 ( ci rraphic cliIne of esterase tgtriot ' pes of ridlie in Yunnanl.

More than 90%~ of arielits of rices can be separated into Indica and .Iapon ica 1)
. he tiledll ed li ne. VjNtitisonl thle left side are most l. Inrd ica, and those on the right mostily laponica. 

vicinity of Laos and BUrnia. No domiinant varietal groups were noted in these regions. Thedistribution 	of some of' tho genotype frequencies was clearly dependent on geographicallocations. Namely, tlhedegree of diversityexhiibited was greates in the southernmost regions;
it decreased toward the north and only a few genotypes were observed in the northernmost
regions (Figuire 6). 



GI'\l lCItI.VI'I()Ns ill YI \NNAN Im I"S \ N I I IIFIR(TIASSII II(ATI) 

Yulii nnair provice is located in the Sulbtrolp ical area. but has lare difl'erences in climate 
because of its topography. As an examplC, the altitudC of rice cultivating areas, ranges from 
7() i1to 2160(01i above sea level in the sotith--nortlh dirctioi. The northern parts are mostly 
hiehh1aid, aid tIhe southern lparts are hillareas. 

Ihe present experimuents indicte that the southerniipart of Yunan proviuce is inculuded in 
fie centre ofl"l'e.lic reported ill ill''ViOtis studies.dIiversitv of Asian rice varieties ats 

)ii the other hand, the matlriais in the present study include some kinds of varietal groups 
such itsiIIfiCa (IIsieti rice). Jalponica (Ken, rice). J .avanica(Nuda or GuanqtLliao Iice, or I lill 
rice). 'Ilie Japoica group (Kell" rice) was cultivated in the northern regions in los cises. 
\.hereas ll kinds of vari1tal group1117s ilthe SOutlll.were cultivatCd 

Fthr1 r+i,-e. some varieties f'rom the sotithern regions that are not del'initelythere atrC
class+iflied \,et. wvhen wc use the other qualita.tive anod qut;+litative characters oracronomnic and 
biolocical itait such itstht+resistance of' pests and diseases, the water requirenitent. the 
tcripCratltrC stress and some of the reproductive barriers. In fact, Yunnman rices have valuatblc 
1i(11t Iitt' ah lRC eSLtic h as blWast resistance. cold tolerance, variotis degrees of'endosperm 

Co ll(s,.IIalld so of1]., 


It is noted that itidigClous varieties ol Yutlan province hold an importanlt position not only 
t cla il\ diStlnld Itguih Asian rices bt also to evaluate as Useftl gelic materials Ior the 
llte. Th\ aie still expcte'd to be collected comprehensively and to be analyzed geneti

call 
rices, theiln 

tiitioii f0r \aritus other characters in plant genetic resources work. 

"tinlii require further study in relation to evaluation of their genetic cotnsti
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ChAPT'ER 28 

Aspects of the evaluation and utilization of wild germplasm
 
in lhassia in Japan
 

K IttNAI'\ 

Seed storage oftBrassicaand its wild allies is carried out in the Laboratory of lPlant Breeding, 
Tohoku University under financial support front the Japanese Ministry of ILducation. This 
laboratory is also designated by IBP(IR for storage of one o!' tle base collections of wild 
relakttives of'crUci ferous crops. The wi Idgerniplasni isused for studics on the laxononaical and 
evolutionary relationships in this taxon and oil the utifization of' wild gernplasm for 
hiosciences. lnvestigations concerning germplasin of wih Id rassicas recently carried out in 
ou1r lhorator\ are reported here. 

'onsideration of' the species relationships in subtribe Brassicinaein view of' cluster 
anal. sis of uorlphlogical characters 

I'he lasonoimic relationships of 53 species (I 22 strains) in subtribe Brassicinae were 
t ied by usi ng Itclidean distances calculated from 53 metric characters. Through cluster 

analysis applied to the species and subspecies in the genus IrassiCa, six large clusters were 
de fined IienreC I ). BV the same tnethod, I)iphotaxi.s was grouped into four clusters, 
h tavrufn into , and Sinapi.s into two. These clusters coincided in general with tile 
tax onominc sect ions of, Schulz (1936), hit some exceptions were noted. Most of the 

.xceptionlalspecies were those placed in critical positions by cytological observations. It was 
foIund that cluster groulping reflected tile cytogenetical relations of species fairly well. 

Relationships among clusters and genera are represented by a Iuclidean distance matrix, 
and the evolutijonary trends of those laxa are discussed. Cluster 13-3 composed of B. 
i/iwt uhoma and B. trrelieTi'i cytodems. cluster D-I composed of' )iploaxis sini[lia. 1). 

+..N11te,1'D. catholica. ). tenuisiliqtaand cluster i- I composed ol 'Fuasulm cr'tnmi
11oh/e.,t. F..rillm. :. I/ea nthnum, h'. musturti(iflium, were closely related to each other 
I'Orling a complex. This complex is closely related to Sinamidendrmn species which was 
considered to retain some characters in common with their putative ancestor by Gomez-
Campo ind Tortosa (1974). Species itn the other clusters are considered to be derived from 
the hypothetical ancestor in tile course of evolutitonarv divergence (Figure 2). 

It oroplasi DNA variation among diploid species in Brassicaand allied genera 
'[he restriction enzyme cleavage patterns of chloroplast I)NA of eleven diploid species of 

Ira.vvi'a and its allN.'d genera were compared by using five restriction etIdonucleases. A 
dcndrogranl of species t'elationshi ps as shown by the estimated numbers of recognition site 
mutatli is was drawn. The species were grouped into two clusters at tile 5 recognition site 
Itut:.tions (Figure 3). The clusters did not always correspond to genera recognized in current 
ta\otonty, but good correspondence was observed with the grouping by fraction I protein 
Iarge suhunils. The species relationship as seen with tile present method were significantly 
ctIrrelated with those f'ould in cytogenetical studies, but not with those based ott numerical 
morphological taxonomy. It was suggested that Brassica species have strong potential for 
iorphological variation and they have diversified according to their habitats (Yanagino et 

al. 19X7). 

OWA, iz4~, -
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FIGURE I A dendrogran constructed by cluster analysis for 50 strains of 19 species in Brassica.
Parentheses denote genornic symbols. (Adopted from Takbata and ilinata 1986) 

C:allus growth and shoot regeneration in the wild species of Crucif'erae 
The ability for calluLIs proliferation and plant regeneration was surveyed for 79 strains of

ahout 501 wild species in the taxon. Leaf' segmients were Cultured on MIS medium with 
I mg/I 2.4-1) to produce call i. and] the growth of call i Was evaluated. Response to a liquid
culture was also examined in somie species. Shoot regeneration ability from leaf'segments and
primary callus was evaluated on MS mnedium Supplemented with I mig/I NAA. I rug/I 6-13A
and IMK migII casarnino acids. Many of the species produced brown coloured cal Ii and their 
subcultured calli were not vigorous in growth. Ilowever, some species produced a Whitishyellow and triable callus, and thencali oi , giI,
Moricandia w-iv'nsis aid( Lepidium salhvumn were subcultured f'or more than four years
without browning. The cal Ii of BI-rassi .w icui.Ilasa. Al. arvensis and Armnorac ha tustucana 
produced shoots when transferred to N13 medium. Because culture conditions were limited 
in thle present experiment, it is not always true that the browned calli have low potential for 
growth. However, it isclear that the vigorously-growing calli could be taken as experimental
niateriab: for tiss ,e culture. From these data. Sinapis Iiurgiela and Xforicandiaarvi'(sj were 
taken for the experiment of protoplast fusion. ( oriyama et al.. in press). 
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ir.t-'hji'ldia 

0 Hihltera 

60A Siapidcndrion
* Sinapm. 

FI;ITRE 2 	 (luslers distributed on a plane defined l.s the first and second principal component axes 
obtained ) . Takahala and Elinmaa (19801). (Adopted froni Takahata and Ilinala 1986) 

.Selection ofa universal hybridizer in Sinapisturgidaand regeneration of plantlets from 
somatic h brids with Brassica species 

A double multant cell line, which was table to grow in a medium with NO, as the sole 
nitlgen source and was resistant to 5- niethyltryptophan (5MT), was selected from cell 
sLspcnsions o" SinapiS turgid1a by culturing the cell in AA medium supplemented with 
,-lorate and 5MT. Protoplasts of' this cell line were fused with mesophyl protoplasts of 
1r i.siaoh'ra('awith dextran, and six somatic hybrids were selected initially by culture in 
.ih NO, medium supplemented with 5MT. The somatic hybrids produced embryoids,

S;ives and plantlets on a regeneration medium. The hybrid characters were confirmed by in
est. gations of acid phosphatase and peroxidase isoenzymes, chromosome number, growth 

on NO.1medium, 5MT resistance and capacity to regenerate plants. Somatic hybrids between 
S. turgidaand B. niiia were also obtained using this method. These results indicate that tle 
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. 
I987a). 

Production of'somatic hybrid plants, 'irissico-moricandia', through protoplast fusion 
between Moricandia arvensis and Brassicaoleracea 

Intergenlctic plants were obtained through protoplast fusion between Brassica olrac'a 
and Muricandiaalversi.. Protoplast fusion was carried out by the dextran method using 
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F.I.P.L.S. 
type 

B. fournefortii I 

B. fruticulosa 

B. nigra 

S.arvensis 

S.alba I 

B. adpressa I 

E. sativa 1 

R. sativius II 

D. erucoides I1
 

B. campestris II 

B. oh'racea II 

10 5 0
 
No. of restriction site itnat ions
 

F1;URE 3 	 A dendrograin showing the cbloroplast I)NA divergence and fraction I protein large subunit 
types. (F.I.P.t.S.: Uchimiy'a and Wildman 1987) of eleven diploid species. (Adopted from 
Yanagino et al. 1987) 

protoplasts isolated ftont hypototyls of red cabbage and from suspended cellsofM. arvensis. 
The Iflsion-trealed protoplasts culltred in B5 rnediun with high concentrations of 2,4-D and 
6-BA produced abundant calli, and from them, 8 calli produced a number of hybrid plants. 
The hybrid plants have conie into flower. All the regenerated plants exhibited combined 
morphological characteristics of both parental species. Analysis of leaf isozymes for acid 
phosphatase and as partate amino-trailsfcrase also indicated 1! ir hybridity. Even though no 
selection was performcd for hybrid cells, all of the regenerated plants were hybrids. It is 
thoughlt that the sonlatic hybrids exhibited hybrid vigour and readily produced shoots. Two 
sornatic hybrid plants were also obtained between cauliflower and Al. arvensis (Toriyama ct 
al. 1987b). 
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Genetic differentiation and geographical distribution of barley 

I. KO)NIS II 

It is generally believed that cultivated barley originated from its wild progenitor, Ih'areum 
.poituni'vio C. Koch, in the 'Fertile Crescent' of the Near East about 9000 years ago. By 
,ecuring awide range ot'genetic variation by spontaneous mutation and hybridization, barley 
Ias spread and adapted since then to different regions of the world through natural and 
artificial selections. Theref ore, it istrue that geographical regularity of gene distribution can 
be observed in barley varieties crowniiunider different climatic and ecological conditions. 

'akahashi ( 1955) first dClllnsrt rated the f1o11owinli geographical regularity of ge ie 
distribution mainly IOr morphological and lhysiological ciaracters. using a large nuniber of 
cuIti\raIs collected fron differenit regiols tIi roil1ghio1t tihe wo d. The "norm1 al' clI arac tel-s 
which are general common to the wild piro:nitors and genetically dominant, are very 
prevalent everywhere in the world, while lhe inierons characters that have pn- ,ably been 
genierated under cultivation are found in more or less limited regions. From these results, it 
is apparenlt tIa te e iicic chanuges which took place in file barleys of the Oriental region are 
quite different Itol Ihose fild in the barleys of the Occidental region. 

' lie geotgraphical distribution iifseveral kinds of complementary genes for hybrid 
abnormality are presented here. 

Whelni ilferelll (lil Colalllcoiiplellielitary gees are combined into a hybrid by a test cross, 
tle abnormal character appears in the hybrid, ildicating that tlie test-crossed parent has tihe 
c0i.lltrpart of tle Colip leiientarv gene in the tester stock. Although .such an abnorlml hybrid 
IliLtS, be eliniated, either oifthe parelits having one of the complmentary genes is iorial. 
Theref'ore, each of the comleleluienlary genes is lh(i.ghit to be 'neutral' to or indifferenlt to 
naltlral and artifical selections. The geliic chances of various isozymes can also be regarded 
ts liitral oiles based oil the defiliition. The territory of the neutral gene which has been 
included intoi plant alter IlUIltatioll or inlrouressioil becomes wider by spreaditig its progeny, 
e. iet SOnic useful ilifiiiiatlif n abot11 geographical differentiatioli of" barley. 

Geographical distribution of complementary genes 

As i,, well-k no\ 1i,cultivated barley anLd its wi Id progenitor, !t. .vponhuwntlll have the same 
"ci(loi (ii = 71, and are true diploids with no barrier in hybridization between them. I tithe 
pIoce ,s ofi evoluti( frioli wild to cultivated barley, tile genic change from brittle to non 
brittle rachis after ripenin! is of the greatest importance. The rachis brittleness is governed 
b t\\ coliilpmlentaoidilililil genes (Bt and BI,). And, if either of the genes mtltated to 
he recessive., the llant then has lili-brittle rachis. Takahashi ( 1955, 1963, 19X7) has indicated 
that all the cultivated barheys have either 'if I/, or BI h, genlotype with olnly one exceptioli 
(1t 14I,. since bitlh loci are tightly linked with each other as the pseklo-alleles, and a doubly 
recessive lecinibi allaritseidtolll (cclrs. 

The _eourapIlical distribution of these genotypes is not random in the world. The BI hi, 
gehu>l p (Type F-)is Iailily distributed in soultliern and central parts ol',lapal, Korea and 
China. and higlilads o" Nepal (1ot1Slly OcculpiCd by naked harley). while the othergenotype, 
h/h ,. (TypeW) is l'intd in the renmaiing regions of the Old World, especially in lowlands 

, . , .1 
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of Nepal omainly grown covered barley), Turkey, lurope and lthiopia. as showvn in Table I. 
From the geographical distribution of both geotpls for ion-hrile rachis. it is clear that thle 
Oriental barley is different rom the Occidental one in the crV0 Ilionary process ofculi'ied 
lor(i derivcd from the wild progcnilor. 

TAILE-I' I G eographital disributllion i lf'i non-riiI e rach is (enoytvpes, B1/I ht,i (Tvi eEi and btbi 
mll, ill liltikI d harlte.iI.e 

2
Reeion Type I Type W No. of 
ulit hi.) (hi B ) varieties tesied 

J ipan(South ) 88.97( 1 1.1% 99
Korea (SouLt) 89.7 10.3 77 
China Wroper) 98.5 1.5 69
 
Nepal Ifighland, Naked) 100.0 (1.0 74
Nepatl (owand. Covered) 19.5 
 80.5 77
 
hIdia & Pakistan 42.6 57.4 
 115
Scuthsei Asia 74.2 25.8 62
I'mkc\ 
 14.9 85.1 222 
'urope 
 25.5 74.5 267


Japan (North) 50.0 
 50.0 18
Korea iNorih) 62.5 37.5 32

China (North) 27.3 
 72.7 22 

(ied from Takahashi (1987t. 

II D (Ri:i.OROSiS (;i-NI:S 

Among a large number of test crosses for non-brittle rachis genotypes, a conspicuous
phenomenon was found in F,hybrids between -layakiso 2 (a tester stock for non-brittle
rachis, BIlt,)and some Ethiopian strains including Addis Ababa 12, which was character
ized by chlorosis and stunted growth. Takahashi and Ilayashi (1987) showed that the hybrid
chlorosis is controlled by two dominant complelenltary genes, Ch-a and ('h-v, whichIare
 
detected in Ilayakiso 2 and Addis Ababa 12 respectively, and that their geographical

dislribution is regular and clear-cut. As is apparent in Table 2,fhe C1-a Cne 
 is found 
abundantly in Asian regions, especially in Japan. Korea. China, Nepal. Pakistan and 
Alfghanistan. On the other hand. the frequency of varieties having the Ch-a gene suddenly
dropped in India, Turkey, Europe (includine USSR). North Africa and Ethiopia, and the 
varieties with the rccessive ch-a gene are abundant there. 

As for the hybrid chlorosis, it is useful to cxamine the genotype in II..s7Vo/tlaUWtt1.
independent of brittle rachis. More than 60% of the strains of II.s/lnlamum have the 
('h-a gene. while the other strains possess the recessive allele, ch-a, suggesting that the 
genetic change from Ch-a to ch-a had already occurred in the wild progenitor by a spon
taiieously recessive Lutatiol. 

I 'YBIRII)W'EAKNESS 

Oine more giowtl repression in F hybrid was first found in the cross between Turkey 193 
and a linkagc tester. Col-orangc. and named 'hybrid weakness'. The weak hybrid is char
acterized hr only a few spikes on the shorter stems with reniarkable shrived. yellowish leave. 
aller the hoot s!age, .nd easily distinguished from nornali plants. This is shown to he 
-'onlrolled by two different coniplementary cenes. lWek-a and Wk-iI(Konishi 1985).
A total of' 1176 cullivars originating from different parts of the Old World togetlher witi 



IAL E 2 	 (Geographicaldistrilmitiom ofh~rid clhlorosis gules and h? hrid %Ncak,,genes incultilated 
and is i hartte s. 

Clll IIybrid scakness 
No. ol No. of 

C'h-a ch-a vars. W'..-a w'v' -a viars. 

I 	 I I vbid cloiro s" 

tested 	 lesled 

(uli, aI
 
Jpan 64% 36% (149) 98% 2% (93)
 
Kora 77 23 (145) 100 0 (III)
 
(hina 54 46 (129) 100 0 (82)
 
Nepal 77 23 (148) 86 14 (126) 
hjuia 35 65 (62) 76 24 (9) 
'akistan & Afghanistan 62 38 (47) 79 21 (127) 

Soulmest Asia 30 70 (27) 77 23 (87) 
Tukey 3 97 (137) !6 84 (155) 
Lurpe 4 96 (141) 34 66 (135) 
Ethiopia 	 0 100 (85) 4 96 (170) 

Wild progenitor 
(11.sponanenm) 	 62 38 (I 0) 72 28 (123) 

Ciled from Takahashi (1987). 

123 strains of IL spontatwuon, were crossed with each of the two tester stocks, Col-orange 
and Turkey 193 with the gene Wek-a and Wek . respectively, and the occurrence of weakness 
inthe F, hybrids was examined (Konishi 19,(7). Turkey 193 is the unique variety having the 
Wek-t gone. As shown on the riight side of Tabie 2, the Irequency of varieti, s hayiving tihe 
lWck-a gee is considerably diffcrenlt in geographical regions. That i., tihe varielies wilh the 
lick,-u gene ire a.ibundant in Asiall regions, especially ill Japan, Korea aid ('bilna. On tie oilier 
hland, iil the regions Vest (If Turkey incilusive. tie freqlency of liele I'k- erie sIddCiniv 
drops, bCconlring alltrusl null in l'Ihiopia. "lhus. gCOglraphicl distributlion olihe l c/-a eie 
s iniuch siluilar to (hat of ele(h-a gene for hybrid chlorosis rn,'';lionc- above. In II. 

A/)omaflIeutl. 72<,; of' the sthainrs have tle U ,k-a genle and tile relnaininlo 1814 have tile 
rece'Isive allele, ir'ck-a. This restilt suggests that allelic diflTerrnitialion at the ick-a lIOCus for 
lhe I\ brid weakiiess had already occurred belore appearing in lihe cultivated barley. 

Geogralphieail (list rilution of esterase isozylne genotypes 

Kahler and Allard ( 198 1) demonstrated Ihiat patterns of geograplhical distribution of 
alielies al Il lir loci fOr esterase i ozynes are not at ranrdoill: European and North American 
collectiors are siiilar to each olher, bLildiffer frori Asian collections in allelic frequencies. 
Stiinlaltd by this findirrg, I have done similar work. Lisirng niore than 3000cultivars collected 
lroill difelirCit rcgiolis of, the world, together with 157 strains of/I/. sp nancifln. H]owever, 

ill tile pIcseIlt stldy. geographical viriation has been indicated as tile frequency of getnotype 
\ hich consisld of allelic conribination at the three esterase isozynre loci. Extst alldsast1. , 
icari,,e. Ihese loci arc Iigit liriked with eachi oher on tihe long arm of chronosome 3 
(Nielsen and I tejgaard 1985), and the dala of genotypcs is thought to otl'fr inmore detailed 
information about geographical differentiation of barley. 

\ total of 30 genotypes for eslerasc isoiylnes are observed in tire materials, and geolgra
phical distrilUtioi of 1( major genotypes (A to .1) is shown in Table 3. A lrge genetic
diersitmfirestCrase isozIylie geiotypes is Found in Soulhwest As ia, whiere cLIt vated barley 
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'TALEl,3 (Geographical distribution of harlev varieties %%ithdilerent esterase isozyme in tile()d 
World. 

Region Tvpc A B U I) I" F (1 II I J Others 
h-v At ('a (', ("'a IP A/ /r (Pa ('a ('a No.of 
lst, -- U/ I11 I Ir /r /I Fr Dr ''ar.. 
Ist, Sn N: Sn N: At At Sit At Su N: teslet] 

Japan ++ ++ ++ ++ + + ± ++ + 732 
Kora ++ + ++ + + + - + + 462
 
('h1ina ++ ++ ++ ++ + ±
± + + + 179 

Nepal + + ++ + + ± ± + 364 
India 
 ++ ++ ++ + 209 
P'akistan ++ ++ + + ± + 134 

..\flthnislan ++ + + + ++ ++ + + + 100 
Soulhties Asia + + ± + ++ ++ + ++ - 100
 
turkev + . + ++ 
 ++ ++ ++ + 300 

I-urope : + + + ++ ++ ++ ++ + ± 416 

I-ihtiopia + ++ ++ + + 22X 

Wild progenitor 
iilSpotntll'em) + + + ++ 157 

-:>101:;. +: 1-914(. + trace. 

isocnerally believed to have originated, and 9 of 10 major genotypes (A to !)are detected in 
lbis region, together with other minor genotypes. On the other hand, the variation of' 
.enotypes become,; smallcr in the regions apart from there. In SOtL h Asian regions including
Nepal, India and Pakistan, only three major gcnotypes (I). ILand G) can be deiclcd. 
Compared witli the regions mentioned above. Fast Asia (Japan, Korca and ('hina) is OCCupIicd
by somewhat different genotlypes (A to D).While. cultivars of lype I in these rcgions are 
tl' ght to have been introduced from Ltuope, since Ihcy arC distribilled IIionorthcri parls of 
Fast Asia and have tile same genotype or characters (c-. hl B1, Ior nion-brillec rachis, short
haired rachilla, resistance to Japanese mildew race I) often foutnd in Europe. Further to tire 
wVest tour other genotypcs (F to I)are frequentlI y'observed ill 'Lurkey and E'uttrope that difcr 
'ronl those in Asian regions. It is noleworthy' hat Fthiolpianl ctllivars have a large genetic
variation in visihle characters, bUt the kinds of eslcrase isozyrne genotypes are limited inonly 
two nuajor types (F and G). 

In II..yonlalliti mainly collected from Southvest Asia, there are 24 cstcrase isozyic 
gelnotypes which are more 1ha i thIiose of cultivated f0o tlie 'e suggesting that alarce cnetic 
Variation illthe wild species lllal' nied fIi'ro liciave resu repeated hybridizations between 
species and between wild and cultivated barlcys, since tie species is apartial operr-pollinated
plant. Further, a new allele. Sp. at Est, locus is fotIud which cannot be observed in cullivated 
barley as yet. 

Consideration of geographical differentiation of barley 
Thle results presented above revealed that East Asian varieties were nmuh differ'ent f'ronu 

[hose of Western regions ot lhe Old World in their genetic constitution for several nclutra.l 
ceres, as well as for morphological and physiological characters, mentioned by Takahashi 
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+ 
wi 'Lltt ill dII['rClit l.+ lHf ',l , 

th 11CHIM.. I (l 

I1[t ic ii ._'; L', th I I. t, iL'i ' 'll'.,,'I Il I h Ihi c Ih io',1',i, IIIid ..h rt a'lli € tI Ill C1 IrIC 
ill ,c'clu' \i, it ilt~lLFoUll o B +BI/ auld /,'1B1, .il~ . [,u. Itor tio+ ll ic latchii. ol[t+'tll l ted baley 

ill l rlci2CiitIci ' , ofi th, ()It\\ ld .. V\ w tli tlI tIlt it", f [lit- c t ,l-,p iir h1\,111id 
liliriis ItIk, L'Cl'i th~it IllAsi ofl thlisi, .\,i \li,li t ., htix, t hle l81 N, ;th 7 ' h- a/ 

,L ililt. 2I\ sii lx ,+.;.t , noCilii\ '. l' , ,.i \V",sICrtcalled an,d ( 11,1 iC xhilu ti ill I,'eiis 
icludimh "u rk ,,. l-Ati midt hhillpidiliciiimil, ui le1 -,ie t,l Ivl clIe (t1t11/c ,iL I,. Ill Souith arid 
santotlicmt ..\si .arieties. the CeCnt' t ,iiutiauit iMiieli ttriii Itali those tol oller 
rtuohrs.. Naek,, tlhearictic ,,ot i. mdh ( ]1-i i are ahiiutllalitll ill Pl tnlll alld Al
elani,,tan suukiar to 1:st,Asia. in Of hitl L Ii, auitl ( 11-a. autd I)[ autd C/ 1/-1Md i10,Cu tIiat\his. 
are freunnt inNepal. On the othhihand. ih1C L,+.rit' J)C utOCtuI il Il ldia.hi and ( '-(I nlrid 

,andil thc Il. and c/,-a critt ci l \V. Aia. A silihular situation is h._c'rd ill the 
,rel.tioiinhip bt,.vc\ci [Out.t~'pcrnon-hrittle rachis arnd lihrid cakris,,,. Asianror 

irieuics are prircipally of thl hi, and It ik- mClotype. and tlh,,c of WCstern rceuionms arl-c of, 
tile other utl.vpc M L'CluCS. IInipi.'C\ guCltic CirOistittluio'.iiStRIItnIcd ai0 i and 'A-I hic is 
iI'+u l011foud ill South arid S.W. Aian varlteucics. its sliovx i il Tahl 4. The re-ilt inidica;te that 

t, .\siarl \arictics are charactcri/ed 1v tle Cflic' combination of,/ (/lI and uk wile 
Wstcrn varieties havc thu other cc'l._tvlJes of'/)/. u']-a ard wv],-a. ,ccsti hat the tiirec 
Alclc, on di ficucri loci had bccn spread a, a sCt to last ASia aid WcStCrn+rc,_xtiS thronMh th 
dipcrsal of' cultivated ha-lcy. 

I ILE 4 Ireluencies ofi irieites hai ing Ir ,Ii hrid clorois f(/uh-a and ch-a) :and 1h'hriii rakness 
,,M;iek-a mid wek-a in relation tI BI i., and b ltI, gtInoIile) for nor-hritth,racihis in different 

regions. 

R o lithl N 1 / No. of'i11 oo.l /Ii /)1 l11 

li-a h-a (l"h-a /-a/ e cd It, -a ie,A -fl tIt u('ack-a ested 

6514 2417, 3,i 81, (74) 86'; n1; 12 4 21, (93) 
K ia 68 19 13 t1 (84) 85 0 15 t t Il) 
Chiow 62 20 7 II (73) 85 11 15 0 (111) 
\Cp;ii 44 13 35 ) (126) 51 2 35 12 (126) 
India 
I'Uk i .t;ui & 

15 7 52 26 (27) Is 2 58 21 (89) 

A\hihiaiin 56 19 6 19 (16) 55 12 21 12 (1311 
Siolliltesi .\ .ii 32 50 (1 18 (22) 31 13 45 II (86) 
iLk" 2 18 2 78 (85) I 22 15 62 (138) 
t:it,,lpe 5 2 I 72 (127) 9 15 26 50 1139) 
lul,1pl;ia 0 2 ( 98 (41) 1 8 3 87 (87) 

lhd t itc , indicate the major genolype(s) ireach of llIe regions. 

This hccories more clear from the relationship between the genotypes for non-brittle 
rachili and esterase isozynie genotypes in cultivated harley, as shown it, Table 5. Among 
Ct,,trsc0 are ahLundialll in Last aild Solth Asianisoyie genotypes, tile five genrotypes (A-F) 
rciart,, aind most of the varieties with cbiler of the gcnotypes have in co11m1on the Bi 1)l, 
uctrhuype fOr non-brittle rachis. Meanwhile, the other ir esterasc isozyme genotypes (F-i) 

;ire lband Ifrlucrntily in Turkey, Europc aind Ethiopia, and their varieties have mainly the ht 
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Bt , oenot vpe o0rnon-tt11e rachis. It has been mIade clear that the three esterase isozyme lociLA+'.1," Li,andN illtly ,th) tls lnked , each others at te terminal of the long ann olchro-InonleI 3 (Niel, and I I +teat(l19,N5: IKonisti and Matsnura I987), while the two loci (INand hij for lon-brittlc rtchi, arc linked a the pstdo-aillC'i+, on the shortsame doronne lakahashi and 1la\ ahi 19(4). 
arm of'the 

the t 'allelic blocks for'Ik,i h i 190-1).iiidicainI that I'steraise iso/inc, and Iloi-britIle ratchis IN'are ilhritcd independently Nevertheless. cotl)inationt of allclic blocks i , not tt ranhIl. a, if these allclic blocks tre linked with chI other. 

TA1. L1E5 Frequ n 'ie s (it' arietis ha ing i hi, and bi li, genlo l em, in different eserase isoz vmegeum.%lpce,." 

,Ilac i /l/Ill. A [ ( t) l F ( 1 t t J Others 
ht, A, Cat(-'tC Ca Pr+ A/
I.t -- -

Pr C ('('' Totali U Fr I1r Fr r F rLas Sit N: I)r vars.Su N: At At Sit At Sit N: lested 

Non-britle Bihi, 98% 977( 92rratchis 69%/ 761/f 22(7 28(/ .31 / 19% 7 , 60% 8121elloiype hi i, 2 3 8 31 24 78 72 69 81 93 40 769 
No. of %ar,. 14( 86 196 94 144 338 261 68 165 27 62 1581 

As barley isan obligIated self-fertilizing crop, a neutral gene once combined into aplantI(hrtghIi mtLi tat ion or introgression has been moved by tlie spread of its progenty, witlhoil allyse;lectI ion. Therefore. the geographica Iregularity of'neutral gene dist ri but ion 111y setlrcgitonal differentiation and the direci on of transmi ssion of cultivated bariey o i 
t'SlIhe 

its wild progenitor. II. s/ littttt, 
fnated from1

in Southwest Asia, and oflers valuable inftormation ahotlc ) fecling the genetic resources in harley. It is noliceable that Ihese reSlts arC ablC to beolbtained only when the landraces, not improved varieties, are sed as the taterials. From the\ievpoilts of' phylogeny. genetics and breeding, I;an draces adaptedcl to (Iiferenlt regiotsshouldlbe collected and preserved before genetic erosion occutrs. 

Acknowledgenent 
The atihor \ ishes to express his thanks to Dr R. Takahashi. Emeritus Professor of)kaama Itniverisity, for critically reading the manusript. 

ReFerenjces 
Iilkn..R. 111T()- ()1 th1e origin of barley: A seo(look. Il hBarhy Genetics II (ed. R. A. Nilan). pp 45-50.\\a llh, 'Ill sIla. I l\. Press. PItlhlall, Waslinglon. USA..\ Cl'tH (. ntd I'jiialtl. 1.( 19 ti)Linkage of trypsin inhibitor locus (IlL'!) and two eslerase loci (Est, and Est)I l1lh11 lki'r hnc 1111h t\le chrollosomlle 3. larh'v (t'm't.Kaihlci .L. ant Allal. R. W. 1 

Net-., 15. 16-18.A. t
M o dll, d<' r e.l+ / 

1) Worhhi ide patterns ot'genclic variation amiong four esierase loci in barleyL.. l ' - A.pp/ . Ge;' 59,, 'q 1 -11I .
Ktll,,hi. 1. (It985 
 ( ;eorallhiCl Jirihuill oflite Iwo dominant complementary 
genes for hybrid weakness inharle . Bm,h', (;ci , .Ac'it/I.. I. 39- 4I.Konishi. T. (1987) (1k'1 'i s-tllies Oil tlVhrid weakness in barley with
dil'ferentitionl. In I Bad.,%(;G'netlh s t 

special reference to phyhogenetic
(Inpress).
Konisli. K. alld NMtsmlir..S(I 9X)7) t.Iikac analysis of l-st, locus for esterase isozyme-4 inbarley. lares'Genet. 

,a,'t L. 1 (it) press ).Takahash i.R. I955 )The orig il allt evot ti ion OfCLI 

227
 

ItivalCd barley. In Advantes in Genetics 12 (ed. M. Demereca)
pp. --26. A,,cadenlic Plress In. New York.. USA.
 



(;[Nl&II( IC)DI IFIRfN I I\I ION A.N D (11fl NAPI IAF. IITRI I It I I)N ()I [I I IIby 243 

lI kahl.i~lii. lR.iI I -iilici 11(IJ il~ file 11 I'-'ClIL ditlIICiiIII011 01 CIIII'\ ;Itcd NdIe\. IInBat,Ic (hpctic. 
I.~ I 1) 26. ( 'CHITC t fE(IHLLtj illC 'l'(Iit allolland l)'ieliiiui, \'IuI etIm k'iI.Is..iI :h1 

1 llku i. . R. 111),7 ( ic HajI1I 1 (ft I L-I C IK 11 i rIII t ( )I I I~ IIIbucl'l, Ill )1,1 11vmnxun on\i duued Nxie It- 'nd 

I 'kiImIJ I. R<.amI 1 ~.. Ill'i,.) I .inkic s Ii oIitl~ \c itolIcniciiinT Lmics Ior britt Ic raciuk il barley. 11cr-. 

I akaii. andmlaI i:lli. J. I 'iS7 Studies oil cliowli( plaIm bar i;oi i comnplementary genes andhIc\ b\ 
rtIt)apILA ' I ih ii oF lif Lcc concenedu. III Bl/c (;c?',,'b( I(111 Iiles. . 



PART 7 

Problems of genetic resource management 

( hairliiaii 
l)l,-, YLuhcn 

A 011 



(1 IP'TER 3(0 

Managenent of genetic resources information in Japan 

S-IY \\1\ 

ItI isquite clear that a precise and well-prepared database is indispensable for the efficient 
lili/alion of gClIetic resources. Ilere I will consider two aspects ot management of genetic 
ill format ion. ()leI.oicernis the catalogues of ermplasm conserved in the Lniversity that have 
been pibl ished recently in Japan. The other is related to the management systems for genetic 
esotrces inlformitltion. 

I III) eniae,:d ill documentation of genetic stocks and experimental orgaaisms preserved 
in the tIliversities and research institutes tnder the Ministry of 'Education, another adininis-
IraOtive eateeor distinct froin the Ministry of Agriculture. Forestry and Fisheries. As Dr 
Stil/uki states eles, hwre in this book. instil ites belonging to MAFF preserve the plant 
Ofrnlplasil veN extensively. There is also an important collection of plant germ plami in the 
ulliersities and research instituItes nientioned above. They have been accumulated during the 
cmiwre of research work by collection, findings in the materials used, or artificially created 
ll litalit.eetC. They are to be uti lied as test materials Ior genetic and other biological research 

V.otk a,\sell as for breeding. 

(Cfaalogues of grml)hsm 

Rcelly two catalogues ol ilportant plant genplasni collections in the university have 
heel 1)ptblfished 

Ili I )3. a catalogue of barley germplasni preserved in the Institute of Agricultural and 
B3itological Sciences. the University of Okayama was published. It was edited by Professor 
R. lakahashi (1983). the world famous barley geneticist in that institute. Barley strains of 
kiltownI oriintwere collected from various regions of the world for his studies on the 
ge ),ralhie distribution of barley varieties and their genetic differentiation. The catalogue 
cOIltillsaot)tlt 4 ()())cntliv\ars with descriptions of sonie agro-iiorphological, physiological, 
patllo gical and genetic traits. accuInlated during the course of research. In all 28 items 
\\ ere listed. They include some interesting characters f'or consideration by research workers. 
as %%ell as plant breeders. 

Il I984. a catalogtie of Ae.ilo).s ald 'riticum gernplasni preserved in the Plant 
( crtil~llasll Ilstitute the University of Kyoto was published. It was edited by Professor M. 
Tanaka (I 3). The catalogue listed about 2 4(0 strains over 24 Aegilops species, 4 4001 

strai is o\er 23 "l)iticumspecies and 83 strains of artificially produced autopolyploids and 
lll phiidi ploids. It mainly consists of the collections inade by Prol'essor I1-.Kihara and his 
stlilts thtring botanical expeditions to Nepal, Pakistan, Afghanistan, Iran, Iraq, Turkey, 

r1MiisauiiLts and t lie eastern Mediterranean counltries, which were organized by Kyoto 
ini'eisitv betmween 1955 and 1978. Description include geographical and topographical 

illforllatitmu, stichI as the place of collection and the altitude of the collection site. 
Thire is atlso a group of rice strains of marker genes which are mostly preserved iil 

Ihokkaido tLi\i'ersity and Kytishu University. These strains will be used for linkage analysis 
amd tlher piiurpioses. When tlie doeti icliltatioli and construction Of a database for these 
iii ias were attenpted by a group of geneticists. they faced the fact that standardization 
o1 1elle sylibIolS was urgently necessary. Thus geneticists concerned with tl is matter, fornied 
;m iecc 'tr riice- gcciietic icsources in form at ion and disc ssed tlie stanlldardiatizatio ofge liel I 

' q U"'t ' 
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symbols of rice adt prepared rules of nomenclature. L.ater this activity was exltended to the 
ilitenI1aional scale and at the end it e'olk ed into the Rice (;ellic CoIperative, eslablisied 
by cooperation between the JaiaMieC gropl lnd IRRI sciCnlists ill1984.
 

The Rice Gc
Gnet ics Cooperativc lublishes the Ri'c (kcncr'.sN'wx 1/'all\11Lier (Oka and 
Khuil 
I986). It contains up-to-date inf'onliation oilrice genetics. For inslance, in tihe third 
ail lICs issuC is the rCiport froml the ('0nmitte o(ClGene Symbols, Nomenclallrc and 
Linkage G 1rou)s.l)r Kinoshita. Ihc coniveior. proposed the rules Of' nIomnclll.latll'C fo0r rice 
"cencs. Ihl'ormiation oil marker cne strains appear also in the Newsletter. The inf'ornalion oln
marker ,encstir!,iis, which conlained muitlant charactCristics., loalions and their relcrence is 
being ptl info a coii uler database.
 

Iliirialioll on hatley erillplasi at the University of Okayaina has already been colliplu
lerilCd alt .h VC
houii it is 1i0t available to research workers. Iifforniation oil ,lcgilop.v and 
Iih utill gcrillplas n of K yoto Iniversity is also being processed inito a database. 

Managemient s sten s 
move 


dcsincd l'orlcomparativel y large-scale comLuters 


I lio\\ to tlme subject of tlaniagement systems. Databases cotnpiled so alr have been 
as part of a system that cail respond to
 

various requirCentiIs, sluch aiaccess f'rom any place by on-linte inquiry or througlh 
inoff-I ine 
SCI' ice. I however, a i'rsonal-type of han1dy cotlputer becat very popular recetntly and is
 
\widely used. Under these circumstances, it is desirable and ofbonefil to make adatabase filed
 
to alid capable of'be iig hanidled on a personal Cornliter. Sic h adatabase packed oilia I1opp ,

disk can be distributCd l elmn
(ind.
 

IDatabases i1av be slored oil e or two floppy disks separal tedaccordi tig to speci fic subject
 
iatter and served with an adequate lnanalgetient system. [or instance, the catalogues
 
lientioneild earlier may be contained onisuch disks.
 

For the process of coilipilation. Ollk ma collnvCeintly uise commercially sold eflicient
softwa ic. After collilalion. tfile database alily becoti verte, i ino tnore c'onii.t Ilfol so as 
o ave lililclorlv to att allr stcrt used.space aind in operation whnl 
Another i SeLfLl IypC of datlabase cotiltains graplhic inlfOrmation. It can be el'tct vely useld 

to illustrate Tetlctic tesoLurces. Video and laser disk recording systeiis connected to a 
coli Ulter will be convetniently used. I lowever, at presentt. there is adifficulty in itultipllica
lio o(l'such graphic in form at ioti for distribultion. I hope this will be solved inlthe near flutre. 

Rcf.renccs 
and Khi,h(..
ita.11.1. ( ;.S. ,d) t I R19e (RieG li . N''shi'r,No. 3,Rice Genetics ('ooperalive.

Ikihathi. R tlt.I I t ( alal.' larhy (;brmlaonpreived in O(ayama Uniers.vit. Institutefor Agric.

atid Bio. Si.. ()kay'amia IUniv.. Kurashiki, Japan.
 

[h kil. I I tEd. (1984)C ' /
t(t ) aalogIu , ilops-Tritilii (er ilhaII prll siev,led il K tloUlil'er.%ilv. ttlll 
( rnplalsnIltii.. Kyo tlnivcrsily. Kyol. Jalilln. 
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Recalcitrant seeds: techniques for conservation 

III (itIIN 

\hakI sCeds iIl geiral remnh vabie for longer periods when they are dried and stored at low 
Itc'ilIeiltuireS down to - I96'C. I larrington (1972) expounded on two rules of llumb which 
ric(Id Ihe Cfcts Of 'Set.ed moisttire co(ntelli aLd storage temperature. Reduction illmo.isture 
cotCnt and tidleture increases life span of seeds. Roberts (1973) clarified the situation 
h. irhlodcilli-c the toni, ortlllodox' and 'r.calcitain,' to dc'<,;rihe the sto .'!ahc.haviour of 
sccd,. ie retferrcd to seeds olevine Ilarrilllons rule that is: seeds which ciln tolerate 
lcicc,itli and frc/ilpg leriCu'altule- a1isOrihdox while many other seeds that are readily
killed b\ dc,siccalion ilenoistellC coiten flls belowc airitical vilue (12-3 1,( 1and clannot 
tlritC Iiee'ing temperatures, these lie Classified as recalcitrant. Recently I lanson ( 1984) 
s,.iecsIc,d a iole accnrale and descriptive term to call orthodox seeds desiccation-tolerant 
Mid rcaCilcitrainl Ceds as desiccaliol-selsitive. 

Rccalcilranl or dcsiccation-sclsilive seeds are very ilmportant to developing countries in 
ilictropics. lh\ formi the backbone of the priinarry inisllies, coverin crOps such isruher, 
coc oa. Iruits an illa imiportant tliiber species. Yearly. millions of. hectares offorests that 
*iL' rich ani di\'erse ill g ntlic have been lost. [orests have been unsLc'rl-C\trinlC' irceSOItllCS I, 
iiuhonl eslohited b)hoine. defoii:.,illI for a.1cric'ullltral and tirban development. There 
is illntill for a ulsiol have beenniced ,cleelic Conservationd, V rio Ways\; iinplemented to 
mscolC'ollie, oday it is a well-known I'act thtI lille allenlion hasibeen giventhis collnlt tlireat. 
Io Ihe irbleills of Storage of' Ceds of tropical fruit tree species Ilanson 1984). There is an 
.blilic of ,orae pirolens yet to be solved in tropical plantation crops (Chin 1978). 
Williams (I,4) in lifthook iarkin the tenth anniversary of' IBPGR outlining the latest 
sii~itcc . sCtsed that one of the Striticics is that the work oinclonal crops should be 
accclcralcd Ior Ilta,iorc ops. At piesellt tile colse rvat ioni hthhi sill, and exmllethods ilide 
Wif1colsiotlili bhht i.,Ioest reserves, boliical gardens and field gceiebanks. 

.\AItulieh conservation by sed gelli plallb Il a Itiday Cvell vitlit hehank is nmost ecnimomi 
id\ aincllcil ill sCeed sciene and tcclitology, there is no \ay recalcitrant seeds can he stored 
fo- ,i, paper therefore SlillnaiizeS the prsCnl CXi.listing techniques-tcrll Conseraliolln. 'I'1lis 

i the, sllortl-Icllll
mstorae of recalcitranlt see(Is and also discusses the possibility of long-terll 

ipuL eCi\ atiolln techniulie(s. The stora e of recalcitrant seeds ill ellebalnks is physically and 
ccL'i nti caill \ ill)raciical. Ilene lOther teclhnilue,s such as cryogenic storage of excised 
cnihr.s*\ sill he utili/ed alld emphasized here as a potential technique for long-term 

Characteristicsiliand rpcrties of recakif rant seeds 
Rkcclciliail Seeds are maily,large seeded, coining from trees under Illoist ecological 

Icsl-ft pe ci i in11n len. Tliey ihclude iIany inportant tropical crops such ias rubber, cocoa. 
tiopicaLilfruitl c. in11,a . (Itiiaii and jac kfrtil and tiinber species belonging to l)iperocar-
IMLCaC•anld ,raucariaceae. Ih average weight and size far exceeds thal of ortihodox seeds.
11,c'curi IhJ1.[le e Wiih I (1110 sced weighl of ten exceeding 5(10 g (Chin etlti' iie.\dif, al. 1984). 

his is blh (fite to their hih lioisture onltenlt to 7(7!)and their large(ranging from 30/ 

\0h iloiicIana altomically recalcitrant seeds also show 1w'ide range ot variation. 
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These hiuge seeds are generally sp erical or oval in shape. Maly of tle trtpi cal I'ruit species
have seeds covered with a fleshy or juicy arilloid structure or the fibrous drupes have Ihick
endocarp and mesocarp which surround tile trUe seed, Sole of' ihein arc indeerII Uits illstructure. They are also variable in their basic Stirclure. For example, rainbutai (Nphelium
h/IIJpp(.'au) have tIle ein bryo axis attached at dilferenlt IOcaliOllS betweell tle eiiVely-sized
cotledons (Whin 1975). A iituiiiber of'species display polyeiiiryony e.g. mango (Alan,,il'ra
i ca ,. I nilosteeni (u cllia ,a'llosiu(, ) and lansaill (la.llsirnadotun'xeli( ur ).

The critical properties inherent in recalcitrant seeds are Iheir physiolooical slora cebehaviour which forms the basis of classificaition. They are very sensitive to desiccation. For
example, cocoa Needs perish below 261.; moisture content (I l"et ill. 1984) and they cannottolerate low teillperature (I 5). This eiliperalure is considered high for orthodox seed
slorag'. The ]onevit of recalcitrant seeds is very short: it varies fromi few days to a few 

ins.1In tis ora NCale Under proper storage condit The otlicr importain t property of 'ecalcit iantseeds is t.e high moisture nteint even after ticy have been shed from tile parent plant. They 
o not unldergo iaturation drylii unlike orthodox seeds. These large seeds are generally high

Lohiteil. ran.illJiii i lrOl ioii 31 )'/ [o 7(/(. There is a great deal o variation in 111o(Sire
Co llltell bet xveelli iid ivi(Idualseeds witi aaliih oc Ifici lit of,vn,,ation ofilbOut 13 as compared
to 2 or,3(; in orthodox seeds. Ili view of their large size, variability and high moisture cilonlent. 
theV are indeed hard 1t hIldle and are thus labelled as recalcilrant. 

Identificalion of' recalcitrant seeds 
Recalcitrant seeds are generally large with short life ;pan. The chief characteristics and 

properties for the classificatio of recalcitrant seeds are based mainly on their sensitivity todesiccatliolland free/ing teiillieraltrcs. All these characteristics are typical but are not
diaIgLnostic. Roberts et ill. (1984) warned Ihat the dia-niosis oflthe recalcitrant condition is not
alw\ys traight forward. Ili lhe last decade there has been a number of cases in which seeds
lihv bceen wrogli' classified is recalcitrant when in actual flact they are orthodox seeds. Good

, 
esaiples' are Cill'ti, (Nulnnord and Grout 1979) and cassava (Ellis et ill. 1981) which have
been formerl\ classilied as recalcilrant butl proved toibe orthodox. Correct diagnosis and
identificalion are of prime iiiiporlance. 'he suC,cess or failure of seed storage depends oil
Clorre'cIi tle tificatio as Coll se rv aioll methods for each type are very diflerent.

In view of'the Ulicertainlty llld difficulty in their idenitification, IIIPGR on the advice oftli
,,\d\ i1ry ('olilillitce ol Seed Stora e ill 198 I ordered it IholOlgh study to b in arle. The

I llii\ esili P 1
ertanian MialaySial Ulleriakes this Stildy lsil!g I SCreiiling teclhnique involvin

lo\\ thw'illg liCIIIerilill1d hltlrlivili. This 
 tluli ses dryilg teniperature iroIund 20'C
and low relative hum1iditv with the hel ) of'Lesicclnits (Chii et al. 1984). The main objective

is to duvC aliCiethOi ol(Idesiccatioin ensuring that dceath is not caused 1by faulty drying at high

teLpillerat-ure whell secels 
 lle mo10ist or high in m1oi.sture c'onteint. Farrant et al. (1986) Stggested

Iresh\I liarvested seels should 
be screeiied and recommended rapid drying because seeds
lecomlle ilC'rSinely sensitive to dessication oil storage.

Al p cnt a list of over 75 species from 29 fIani lies are provisionally classilied asrecalcitiaat (Killg aiid Roberts 1979). But this again is subJect to change and modification as
Moirc recalIcitrant ls IeC'ics IollidIic i1id idel ificd while ot hers may be reclassified Isort(IoLox. The list will undou bltcdl y grolw Ionger ias iiany species ai.e yet to be confirmed for 
which cvidence is still lackin. 

Storage techiuies 6or recalcitrant seeds 
Reports front ihe past hall century revealed that recalcitrant seeds can only be stored for

short peri( dls oIa few nilths [(oia year. Although long-term stoirage is presently not possible,
any iinprovelient It shorl-lerii storage will be appreciated as improvements in these coii
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,Cn It i alI let ll(ds are va I Ia hI Cin casi II tie prol)lnems of field co lIection and transfport ation 
to genebanks. tesides, short-term storage is also import:' it for the storage of carry-over seeds 
'or tei next season's sale or planting. A good example I ntile expedition to Brail in I876 
to collect I/'euvseeds in which 4%."( ol'the seeds were viable oti arrival in Kew (ardens. From 
the hltest cxpedition in 198I, ing et ai. (1983) reported gretllef Success with over 65% 
ocrinination of ruhber seeds on arrival in Malaysia. 

At pr ,et ihe sutccesslnuI short- term storage mnethod s arc limited Io iol st or imibibed 
hifas .. partial dryino nlieti)d and conlrolled atln]osI herte techniIItie. The use of Ihe Coil

\eltiotlal dry-s oraue illethod as for the orthodox seeds is riot suitable for application to 
recalcitrlni seeds. Roblerls et al. ( 1984) is of tile opinion tlhat it is unlikely that tile 
Cotivetitl iiethods of short-lerll storte of' recalcitrant seeds be used as a method of 
cri.pliIll consera tiol. Tihe ilost pronlising mtletiod according to Roberts et al. (I 984) is 

"tolagl i litlUid llilogeln. hilt so fiar Iher'e has been no success with trlly rec;alcilranlt seeds 
and the techIlical lIohcnlIs iIe fortidable. Research work on1cryogetlic storage of recalci
trant sccd, witll a numIber of species proved to e a ftilure blsically due t tlleir exceedingly 
I'are ,i/e. Presenliv work is 'ocrsed on using tile excised embryonic axes which are very 
,mall and practical to store cryoge nicllly and sIhse(uently cultured aseptically in agar 
medium. llis,icliLtLiC has great potteitial and has had to date some degree of success. 
Ilopefully il the iol loo distant fItttre.cyrogellic storage of excised enbryos will become a 
practiCAl Ilioh(0d of ,erMllfl.ilSl collservalion. 

Moist ll- ibl)ibed storage 

"\reciti seld are (lesiccat n-setlsiie, it is necessary to store Ihem in tloist media 
(" , Cn sulbille'ed il waler. Moist Stotage has been iti practice for any years, for a nUllmber 
of crop,,: ruhhcr (Ang 1977). rainllbtan (Chiin 1975) and cocoa (Evans 1953). Tile storage 
1media Ire damp charcoal or sa\dust or a tlixture of both. Moist sand has also been used. Tie 

ItoraLge tCHIeratuire ratl es ffrol 4 C' to 20'C depending on species. Witli tile tloist storage 
ieci.mique \ ahilit\ cail he mintaiined for about 3 months. The most extreme tfoist storage 
is h 1,10orCe of scd,, tinder water. Wild rice (/iztnmi u/muatia) stored in water gave 86% 
erlmhimat ion aller 14 tolilhs (Brown and Scofl'ield 1903)..Jones (1958) reported oak (Qm'rcus 
r/'o retliaihied viable whetl Stored in water. Otig aid l.auw (1963) kept Ih'vea seeds under 
,. atcr: after one tllonllh storage. tIme perceliage gerllilation was above 60((. Similarly King 
and RObherts (1982) stored cocoa se(Is usitg tile imlbibed storage teclhinique. 

mhmihcd or tioisl stora \ hich is short-termin ill nlatue Ias 111 been very successful Mainly 
bIclase oif thC va.iriotis probleols eencountered il LiSitl this t,,chnique. The major problems are 
mlicm-o'allitslils andf iCrlilalion duritle storagie. Attempts have been tade o overcotme 
lhcsc pmolems i.e. prevent geriltitiation and control 'ungal growthl during storage. The 
oat oral ertlnimtil inhibitors itt fruitnice have been generally unsuccessful forcocoa (Pyke 
Cl al. 1934) and ranlbutain (Chill 1975). The osmotic inhibitory influence of these natural 
imlihilrs on seed storaC has been unsuccessful (King and Roberts 1979). Artificial 
chlleicalI iiillilibitors have been used such as SL'crose, polyethylene glycol (King and Roberts 

979 . sodiutm chloride (Mayer and Pol.iakoff-Mayher 1975) and abscissic acid (Ohkumna et 
al. 19063). 

Partial deh'dration teclllique 
Moist or imbibed slorage techniques have their limitations. Hence other methods such as 

parlial dchl\dration of seeds has been tried experimentally. Based on the flct that recalcitrant 
scedes can eIhdried to a certain critical valulte of' toisture content, but still relatively high 
Conimpared to orllodox seeds, a new tletlhod has thus been improvised ill our laboratory; this 
is the Imnulial dellvdration et hod. 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 1nd(1
subsequenlly surface dried to a moisture contenlt liLSl tabove 20( before storage.

Ilor (1984) iin his method of cocoa seed storage. processed the seeds and reduced the
moisture content to 331/ to 35'(4 by drying them in an air-conditioned room (220 C'and 55,4
RII). After pailrial or surflace drying. the seeds are then duisted with 0.2% w/w of an equal
bhilate-lhlramll nixture and packed iii groups of 500 seeds in a thin (0.15 mini) perforated
polylheie bag (2(), 3(0 cm). The bags are stored ill a loosely closed box in all air-coiidiIoilled 

nooini.Under these conditions they maintain a germination percentage of over 50(/ up to 24 
weeks. This is an improvementi over the imbibed methods where seeds can only be stored 't(r
10-12 weeks. 

For rubber this netlhod has been f'lairly successfluI in prolongiig tle storage life of iubber 
seeds fiol the Iioriiial 3 iiionllis ill moist storage to ayear. Freshly collected rublber seeds are 
clea ned and soaked in(1.3, henlate and lhen they are drained and surface air dried. Seeds are
slord ill pcrforaled iolylliene bags at ambient lellperature (25' + 3TC). Viability of over 
5(; \\as achieved altel \er of stoal'le. 

'onlrolled afnnilsl)here storage 
Thi, itIetlod of, storage iivolvin the store1, of seedls in various gases or in sealed 

conttainiers has had little success. Seeds of cocoa while still in the pods are stored by waxing
tie \xhole pod (l1)ke 193-). l)uriaii seeds which aie surface sterilized andihen stored iin sealed 
colltailers reiiained viable only for about 32 days (Soepadmo and Fow 1976). A timber
 
specices S/uw'a It/lr, sealed iil in filaedl)ol ylheiie bag pItS fungici cide hStd for 6 months
( Sasak I1976). Sealed c'rlbnii dioxide at1nospliere has been used also for cocoa seeds with

slighl imprvclnient of1up o 45 days (Villa 1962). similharly with rubber seeds when slored
 
in conlrolled alitiospliere olfcarbon dioxide (Oilig and Lauw 19631. From 
 the above examples.

it isuinlikely that this miethod has aly praclical application iii thi storage of recalcitrant seeds.
 

(Crogenicstorage
 
For seeds to survive ill slorage at very low teiiperalures, Ihey shu ld be dried prior to
 

freeziiig tecItiquerel 1925: Lipman and Lewis 1934: Fedosetiko 1974" Sakai and Nishiro
 
19)75i. At low-iiioisture coielis tlhere will be no ill jury ieven
at - 19 6 "C(Staniwood and Bass
 
19781. According to Roberts et :l. (1984) the lost promising iiethod of gerlnplasill

coniservalioll f'or recalcitrait species is storage in liquid nitrogen. To date there has been no
 
success ill slori'g trulV recalcilranlt seedsas the technical probleiis are formidable. Allempts

miade ill our labolror tot siotriic Ihese very hlrge seeded species have failed: their sheer
 
physical size does not pertiltilhe use oflhis iechlique. Au alternative meitlod is required forVegeitalivel v propagaled plants and species wilh recalcirait seeds. Withers ( 1980) and I ,ajaj

19851 suiggestcd Ihal ill such cases where seeds are short- lived, gerniplasil could possibly
be conserved throug-h cropreservutioli of excised enibrvos or their segmeitls. It has beei 
reported that materials dehydrated by dviiig in an oven (Stii 1958) or uIiidervaIcuini (Wilhers 
1979) exhibit remarkable resislaice lo cryogeiic damniage. Grout el al. (1983) have shown that
emibryos ohfoil palm (IluJvis , i'n/ s5) seeds which were fOrnerly classified as recalcitrati 
can be SlCCess'l c.ropreserv l acr desiccaliol. 

Eveti sonic orlhodo. seeds exhibit a hiicler threshold of mioisture content that call
withstand freezing teiiiperaluie i.e. higher. high moislure freeig tli(IIMFL). I IMFL is 
the seed iioislure tlhreshold thiait will restll ill a decrease in viabililv ol'a seed sample during
cooling il liqluid nilrogen. Staiiwood ( 1983) listed a range f'oltnl the low ().61/ for sesame to 
a highi 28.5'7. l'or bean. This shows thle possibility that somtie embryos of recalcitrant seeds canbe (Iried tol below their I IMFI. iid sublsequently cooled and stored in liquid nitrogemi. (rout 

1979) has used h w- len perat lui slorage of' iil bi bed totmatoi seeds as a mode I for recalci tran 
seed storace. 
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In I Ill'GR funded a pr.ec to delvdrationI and preservaIt ol IecIIiqties of' recahIci
ttil weeds aIllnikersili Ilertanian Malaysia. Preliminary studies are concernued with the 
Neeening of recalcitrant seeds and eiltbryos for Iheir sensitivity 10 liquild llitrogen. Initially 
Weds atlld elmbryos were (driedto various levels of ill lure contet. tii they were cooled 
at diifcrecnt rates or phred directly into lIuidl nitrogen. With tis IcClnique of parIial 
desiccation of Ih'll eltbrsos to around lthe critical vale of* 15-2(; (('hin et al. I9I ), 
Notmalh ct at. ( 1980) ill our laborlitory found that aimoisture coiltent between 14-2014 
(dC',icLtiotI for 2 5 hours). 20-091,; ofIth c ribryos survived eryoireseivation for 24 hours 
and IoriId ,Codling,, itli normal roots and shoots hen cultured iM tM. This is Ohe firsl 
11utC aitrul recahilanl SleCiC has survived liquid nitroeen.

lhtoe spc.ies \\ hich did ntot surv'ive v, ilhoult cryoprtecioll were" subseqtuently tested with 
itratieunt I sinl olr cotittllailliltitIl of CliOiectants suLCt aS 1ycCrol. l)MS()and L--poline 
and \ ;tiotls einelichd miedia. lo date citibryo of a e,'w Species Alioica)/ips /it' 'rophl//us. 
\ T//i',lclml /a/i/o cit. ( 'Iio.N uii'rli and I)Orh' ollop arollullicl. have survived f'l'tlll 

LI. Ir-",Cl\'attio and oti Ctiltlri.lg ini enriched media sho\e'd signs of e'0\\'tll i.e. Callus, 
"ltotos alttl loots (Ch i Ic . IQ)). I hoevCr those techniques have Ito be refincd andtle)' llay 
di Cr I u',to 'iCi, t', specie,. 

.\ 	 llutiut ,,are encountered itn work such as hrwi0Vfliitt2 of tissues in CxcisedC101 lntblhe 	 ot 
cLtr,,\ os ,, itlt theiel,,cof phieltolic colitpunds. In spite ol all the problems, ill vilroculture 
(,Iletlt,, t iltr,,rage in Iiquiid nitrogen Will be a potlnIiaIl technique fbr hlog-elrm genltic 
cuer *',aiol.[lie IBPllGIR Advisory Comnittee on in vitro storage has discussed the 
;tii\ altte',e at disad\ antages of usiI"l this teclIiquie in gerlplaslu conservation. Today 
v, ilth te rapid atil, aitee, in tissue culture, biotCchnology and cryobiology. I aill confident and 
op[ titsli' that ill the net flulure, this technique will be used in the conservaliom of germplasm 
Itll ttlltillUr' -'Cl attirl l. 
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low tmperature conservation system for crop germplasm 
t'CsourcCs in China 

II\\(i( I.AH YL 

AIMr (liestablishment of lte People's RIprublic of 'hma [he Ministry of" Agriculture 1an1d 
related Icadi departments or.ani/ed several large-scale nationwidu collection.+s and supple
1ntitar\ collect ions of, crop ucrilplasm resources. In It59, about 50 species otffiel(l crops 
ilhnictls I ()(((00 ) accessiotIs (ilIldiIIt some dIplicates). were collected. I lowever, somie 

of tits collectioiis \wer lost dutrine the ('CltuIal Revlution'. 1I I9)) a naltilonwide 
sUlppIcltctittalr collcution as acainIa'(le, frot \'hih around 6(1 spcies of crops with nearl..\\ 


accessions Inludine sonIC dupliats 111ee 
titt, fl in Y1111na:l1 Pro0vince illd "ib.'et ntllade 
00 I)()()t , wetre cf lctelt. I yeas. ivestiga

crtuplsm Antonomous reciont have bee 
sLI.kcTssitjlv,. Ihe i\ estiatioltsrcertain ,,elecrpssuch as \,Id stvabeans. wil ('Iinese 
"schcmarr. and I'ldder \ectables ha. e also been oralti/Cd, iiin which a collection of" 
3(1 )0) accession, seed SpeciMen has bCn achieved. I1a deduction fur hduplicates andll o 
os', is Ind,ilte tIl tIumbeofl Still rec (0) wiich ranks China as oneacI'e'CSSiOIIS hes 3(0(1 

0I lie richsCt of'ties(crilplait the' ssorld.0'1ntl resources ill 

m
Ili tLk, the tc, ittiiet etrlUsS to the Inslitule of'('ro)} (icrmlahsi ResoLl'Ces (ICGR).
 

'hijuC, \cadct\ Aricultural SciencCs ((AAS) are responsibilities i
Of lfor:loln-tcrtn 
',Ic"-,+litoi o c.(i g'IriinIlasiti rsustircCs: ii) ulli'ied ilialinage llnt ol crop geriiplasnli i.e. 

illtloductlin Infro abroad an1d ilttittlltiat l seed ",chali e: and lii) coordinltiol tiatiolln
sside collction. pr' auiltl anid 01 i Uinder the leadershipalulaitiotit g'erliplasmI esouLrces. 
of t' ,late ciece' aid Tecliinilo'\ ('t and the N'linlistrv of riCUlture, AnimalttiiiissiOli , 

IlItmsdr\ and lisher (\l.\l IF)through planling.coor(tdhlation and or-atization works,. 
lite' svstei.i forlcr"tiop clitlilasll willlttilicatedl accLssiOlS a t levels suitabhleusert.ol' 

to ('hlin has been Cstalishcd. i.e. a collbiiatlliol of tatiotnal lon-terill preservation and 
'Ci iial (o lluc'siolal imnediutli-teri. stola e ha.s Iet put ili)leffect. Inl this systemltwo 

c(i . aiilaccesion ale larcerved ill two differentl places to prev'nt tiiexpected losses. 
\heaatv. ile, rCductiton ilthe numll11ber oflduplicates auiolig preservatio i units takes place 
;tccordill to a sclhem'll.coltionltic atd pioer conservatillO.of 

Storag~e at1WG(R 
I ltnIrlnl \'z cropllerllIplasil oi'lhe \VholeCoLintry is perlormed by ICGR.'hlta (l'io0us 
'. in eiciil'. Thle gem plasn is preserved here as abase collection not fIr distribltion, 
v,tilc shl--teril stitra o dup lict.'ites placeand fleditti-terr f(' takes fIr distribution, 
itteriati0Mial C\Chianee. evM\altion aid idrlil'iationl. 
I.Ihre arc two national umicianks in I(R,(',AAS. 

' G;',,,' BIm1',o. / - This cn,'hank. built in I185. has a I II ni cold room at a temperIature 
(f-d() (. [lic ioisturc cotntenit of, staIidardi,ed seed smlenlls is reduced to 6-717f( iii a 
hc'atitt cabinet at hot inore thant 4ffV(ill a dehLmidified ron. Airtight cans are used for 
the sitorace of dried seed. Fixed ritetal shelves with drawer-like containers allow 50 0()0 
calls Io bC accotmiidllatctl. This uenebank has also huilt-up seed processingo flacilities fIor 
se'd rc+ivifu. examinitlu. listine. cleaninri. 'urnilnatioll testing. drying and packing. Up 

t+ \I I since the firstAu,s IIL)87. 3-) 491) accessions hIave bl.en preserved in this ,enebak 

A'CCptalc,,uf sed iii I985. Accessions re as f'ollows:
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Wheat 4 064 Brh'o(,mcorn millet I 500Rice 7 5H4 diblY heart 2 767Corn 4 088 Rapesc.d 22,2.Barley I 723 Peanut 
Sorghtrui 5 263 Wild syai;j:l 	

719 
2 597Millet 3 642 (ultivated soyac:in 5 282 

(ienerally, each accession 
thosc Mclow 	

is put inh IhrvcwCalS, ich cta.lin a stmt of I0()M ains for5 grant, per I ()00such as millel. sesaIlland rapeseed etc: 6 00(1for those \%ili20 100g/Il 000, such as s\heal, rice and sorghum. ot: 2 5() for those ill,suchits,sOvlalitl. peIl aild small red bean. etc: and 
(g/I (,000

I ((0 grains for those i I g each.
such ts broad bcan and kidney hcan. etc.'wu' I'ml,,V,,. 2 - -This ccrielank. partially financed ,y the Rockefeller oundalioll forlie coistlrtl'liol. 1a, M 0 bi 'old roolis of 15(ii- each. ivi which he temperature isand relati\ic huliidil\ 5()( 	 -IX U . ilh mobile iiCial seed shelves. The M 0 roonis1 cali aCOlIIIIiiO-I total of4(aiic (() aCCeSions \\ ith 2(1() (1()(1accessions ill cach room. lBesides. therC ireloin iallci' rolls (68 i-' in total) ill \which ll lelperature and relative hunlidity paralllelscal b a tljnltl for the 	 reeCarch \ork. The built-int seed processing facilities halea\ ailalc since Aiigltts 1987. Iorl\" nl+-	

been 
Oil CnCrgy' thL processed seedlal prescnt still g!iJc.s to(iei Rlank No. I until its capacity is full. hien rione

hc of the hig rooms in (enie Bnaiik No. 2 willturn-d oill and the whole storage in ( erie Bank No. I will be transferred to it. ( BankNo. 2 bears th task ofloig-teiri 	 Baee 
storag otf 21()()()()1 accessions in the period ol'the scvntllh"5-\ ear. Plan *. It \\ ill also hold soOe international crop germplasm. On 25 March. 1987. 'The\IA\I IF ciiseilcd lo the reqliiest of the hIncrilatiolnal Board for Plant Genetic 	resources(IIB( R) fot 	 basic collcctionls of sheats from Last Asia and worldwide collections )fiadihcis iiid brassicas to be prescrved in (Gerie Bank No. 2.2. I( (1, has a nieditill--iil slorage if214 m at (IC. FiXed Metal seed shelves are Used toiCeititelld'll 1(0((( acces'sIoIIS.' 11,Illaill purpose is for distributing and exchai, in,.gei'Ci'll si.ill 'Ailh tli lllt Nli c institutins alnd foreigni Countries.
 

. l( '( ha a short-teriiistorage 1'0lls \ 
 iloitLl all air-condilioner, with an average annualtiiip,-ratire ranging from 163.6 C to I15.3(. In summer the highest daily temperature canrise t 25.1-.-1 C. ider such conditions. "heal seed an be preserved safely for 6 yearsol ,o. 

-1. 
tlhe seed stord- here is to be used for identification.

l( '( R has its os\ ii coipulcri/eth database f'i' the management of data froi preservaion.
ideiitificationi and evahialion.

the ,se-d that is to be pu1!inito the ltllog-tCer sorage must
' e

chi;iracteri/-	 ild 
ised in the national calalogue,
inseveal aSpctssslch as qua[ i tv tolerance 1o stress, etc. The seeds rejuvenated
in \a;ious e,,gions nnst be sent together \with Iheirdocuilenltalion to the National Gene Bank.

Ilh[Idata are then stored i 	 ctilipll r for relriCval.
5. fiecl .duibank and specific slutoces ha\'e been buih for perenlials and vegetatively

propiqiagted crops, rcspectivcls. I uidLer tile leadership of the MAAFIF-and wilh the coordlttoiii u ailltoig ic. ions, aboutl M( national stock plots for fruit trees and perennials havebenCI built up. PI-eseralion of pOtlatO and s\\eC potato seedlings, ill test tubes has 	beenconduclCd ill I( '( R \\ ili an active il vio gelnehank completed, in which seedlings o'31)accessiois.of sss eel ptlato and X(0 accessions of potato have been preserved up to now.0. Wild relalives call be pr'escrved either Ihrough field enebank sor nalutral protection /.ones.I( '( R ill colaboraluitm \with othi related units has established gernmplasm stock plots al1\\ ii sites for the preservation iif wild rices and wild peanuts. In places where rich wild"Cl'linplaSni Occurs. ill illl eLServeS will be established.7. The study of'ueriniplasii uinder super-lo\ teilperalure slorage in liquid nitrogen has been 
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,Iritl d if l( '( I.. hidh tIa11serve as a nallns of preser,'ing certaiLIn specific ge I.-plasI 
IL',ti ilt,+ 

00thcr sloritge l'acilifies 

\laii'\ of ile protlhi e sional in'litltes. suchi as the Institute o ('ottton. ('AAS, Inllsituli O'()i]
top itid Inltlitilc of VgentiailC 0ropS, have estblihlisdicdiuo-lcrii ttiiaces ic'!ptllsible 

Ior i sc,,i.I\ i tiiI( I ccrtnl oI.i solesIic and 1freic I_,nCri IplasIII. ThlIc ,\cilc iif ics ofl 'A ricIufI ril 
Sccicc, in poi Ces. Cities ald ailol.0 inoustl<+ 'cc!iins I1iic' c ',ldbithc'i iicdtiiiiii-lcolli 

AIIiwc s eit_, ast11i) iIIItIIIl I . It l. it i , o11I IX \I sor 1)rc scr\"ionlo f l C .liWI i lstlc IC 
NO. III orlder Ito sa'.l\c CteLl Zild i\Oid CeXC~'CS dulicatlioll. :tonlic rcci olllil a:cudllics of 
.icritul :il ,ciclnccs. ilstcad of up (it_' dIIli l-criiietinl tlii sttIItr.0 ,,. cuntru, tihc 
Ilo "1JcntttNill ltlc's ill (\\S Ili illti i)icscClt t2 CiiiJI~I&ii ittitir.l 1i0i thC Inc'ttiilli-tcrill Fillu c. 
Bitc'd oil Illli s coildiliti . 5,.i i l l tduhi lsiuiillS ar1intl ,"j'tl ii hnicutnl a liituii\ id t' i t ot 
ctllithilltitioiitt iiillI -tcriI slolraccswith _'pCeriticlill I SIeNitC ,ci)l eca',lC"ilch(11c'ip I.isiui 
\wi. ki ikingc diape ill the iiain ccolooical elivirolllicils. 'litch. h ,itlNc ilic(tiii-iclli 
"Ilriwc of1_'Ciill iastil, Cairies out tile est plallifio . chaiactr ijitlioil and Ce lluiutioli of 
ili slilcd Iorciml ,c,elli ll and vorks f 'propagationand reijus cnition for Ni lnil ( icie 
Btiik. 1p1)o iio), m.citiu-lerni storaucs that have beCi hut. I C\CesrV\ heirc' it, fo0llowS: 
I. cditlium -tcrmn toiac,oIf7 12-' ain "C located ill I-eilonclia117 Acad'iri Ol ,'Acrc'ltlILr.il 

8ciciices. I I'irhill. 
2. Nltliiim-teiir ti riwc, with tm'.o romsili, of' which one is of'57 Ill-' at tellpeillreliC (0 C alid 

othcr 25 in' at1-It0 C locilted in IIStitutc of Vegetable Crops. elu.jing Academiti' of 
Arict irall Sciences. 

.. Nie ttltlli-lctrll Io1a .1 h titl o cold rOollis of 45 Ill2 each it -5"C, located ill Ilebei 
C\C HItt (i11'of,\ rict lural SciCncCs.
 

-1. iclili-tconil ,oraiu-c '. ilh t\ o roolms. of which one is o" 
 0 m2-n11 0aOC and the other 2) 
ili' all -I ( C Iocalt d ill Shanxi Academy of Agricultural Scielnces, TlJyualn. 

5. lcd iiuI-teritil staoc With two cold l'moms o1"66 m 2 each at 5-1 0 C, located in tlhe Institute 
of( olton. (AAS, Anvang. I Ilnan province. 

(. ltlitiii-terii storac o 3(1 im2 at (C, ini which fixed seed shelves are adopted with a 
capcil\ of I 5() accessions. locatled il lubel Academy of' Agriculltural Sciences, 
1,
thill. 

7. leditil-lerll slorac with two romtils. of which one is of 98 m2 at WVC and relative 
humiditv 3(1; and the other 28 1n1

2 atl -I(10 C and 3(1/ humidity, located in GuiIgxi 
Acadein' Alcricnuliuril Sciences, Nanning. 

s. ledijuot-ni Storage of' 6 r w t f 2. ill,, Itural arid and cold 

c'iidiljoln (without air conditioner) located in Qinghai Academy of Agricultural 
SciiceCs. in inc. The s tora c can accon1lnodate 28(1 (1(10 ac, i averageiessionsai iaiuil 
Icm raCt_'r'ilureof48.8-C and ielatie humnlidity' (t68.614 in the room. 'he germination rate of 
Iice c'Cd i'CilC'd 'i'llt O)(' to 951/ al'ter 4 years of preservation in paper bags and tlhe 
crinination riate of harlcy sced dropped to 86.0(/(. 

IleNides thesc. thic lstitute ot Application llf Ftloic"lnergy in Agriculture. CAAS, and 
til, Intitlllte of hlobacco, owiCAAS hivc theirN storages.G1,11.gdongi Province and Xin.iiang 
,\uttunutitlu CLtiitn aitre planning to huild their own gen banks. 

lit sill up. lo' -eiperature Citservation INtIcills I.r .lcrolg2 1 pi1so1 il Clli hIia just 
bcqiti I)take shape atnitilcrtaiilv i.edse It ipil'Oed. ICGR iSnOw 'til MLuch Moie work 
OH cOtrdI iflittil. otll in scope aid depI1th. with domelCstic Mid international instiltlitiols. We 
are ieadtl\ to cotpalle %kitlially related theparntiets and institutions in the world, and we 
tirntll IeliC'. C that throu ailu-iOhiiu Swvays' oftal otpeiCat ion. the work o" conservat on, 
c'hiaractctiltiti aodvaluitiit0 g) rociC 2Ciplasni \ ll be improved and advanced. 
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Results and recommendations for action 
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CHIAPTE R 33 

[le first IBPGR symposium on the Far East and the Pacific 

1)I .VAN S I) -N 

[ollowing the IBPGR proposal in 1977. and several planning meetings in Japan in 1978 and 
1979. it was agreed that IBPGR would sponsor a symposiurn on tie Genetic Resouces of the
 
Far IHas! and tile
Pacific'. 21-24 October 1980,witl support trom tihe Government of Japan.

The s\ rnposium was convened in Tsukuba, and p1ar'ticipalntS included scientists from Japan,

(hina and Korea, the Pacific island countries and Counlries bordering on the Pacific SLch as
 
\UtCalia. Canada and USA.
 

\ .sutilaryreporl ofthe symiposiuim was published by the II1PGR in April 1981 (IBPGR,

1981 . %k
hile the f1ull papers presented were assembled ilia book which was also published
 
in 198 1(W illialns and (,rech 198 1).
 

Maior recomlndliationls of'1980 syiiposilim 

()eof tIhe Inapor recomnmendations related to the recognition of two regions, tle East Asian 
and the Pacitic. The IFast Asian region comprised China, Japan, Korea and other co i tlr;es 
otlie ic cion tihatkkislbed to join.The Pacific region colprised the Countries represented at
 
the 1981 Svinposium ([iji. Solomon Islands, Western Samoa, Vanuatu, Tuva.I, Gu.anm) 
 and
 
other countries encompassed by the South Pacific Commission (SPCI that wished to join.


Alhthough not wishing to see regions of the world as isolated units, IlBPGR recognized ihe
 
ustUiness of tliis subdivision for purpose of collaborative programs. It recognizes that the
 
above Iwo regions are closely linked with each other as well as with South and Southeast Asia.
 

In reviewing the storage facilities available in 1980 in East Asia, the delegates of the 
symposiun recommended the development of a plan for upgrading and expansion. This is 
described by Dr Tao in Chapter 35. 

'he 1980 SyMlposiunm 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 iitroduction requirements). A new list has been prepared and is reported in the 
recommendations ol page 275. 

Wi IRKINC(ITRiIS AND I-X\I:RT CROP COMMINTIStITES 

Recomnendalions were made in 1980 for the formation of small working groups and/or 
expert cotiltlitees to: 
(i)facilitate the exchange of genetic material between the participating countries; 

(ii) develop specific proposals for each priority crop (exploration, conservation, training); 
(iii) finalize a timetable for specific plans for action. 

These recommendations were not iipleimented, in part because of lack of resources, but 
largely because global advisory committees and working groups of IBPGR were addressing 
sinlilar questiois. 



202 
D.I. VAN SLOTEN 

TRAININ(; 

The need for training has been recognized from the start by IBPGR and a large number of'scientists fromI East Asia have attended IBPGR courses, including one course in lBeijingwhich was entirely in the Chinese language. In addition, the yearly course on geneticresources offered by ,JICA (Japan International Cooperation Agency) has been and still isanexcellent course for scientists from East Asia and neighboutring regions. 

References 
Ili' ( iR ( 181) '( ;R S) n osil oni ihe Gceneic Resources ofthe Far Fast and tile I':ci.ic,'siikuha. Japan, 21-2-1 ()L lahr 1X0. ltrmational toard for Plan:t Genceic Resources, ROnc, Italy, 30 pp.Wi INllis, J.T. anid (retch. J.L. (IEds ) I98 1) Cropi Genetic Resources afthe FlarEastandthePatct . llernat ionalBoard far Plant Genetic Resources, Rome, Italy, 159 pp. 



CHAPTER 34
 

Perspectives of collaborative programs for germplasm collecting 

NINO IIIZUKA 

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 tileprocess of determininig the specific crops and 
their close wild relatives, and of specifying collecting sites for inv,'stigation. Problems also 
exist in conservation of'niaterials even if'collection was successfti, and enormous efforts and 
close conmminunication are necessary between the conservation centre in the region and 
113PGR, to solve these problems. 

Recently, with the help of the special project fund presented by the Japanese government 
to IBIPGR, surveying missions of plant genetic resources were conducted twice to each 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. I participated as a mission leader in all four 
missions, and here, with the experiences obtained in these missions, I would like to present 
some of my opinions on the collecting and conservation programis of 1131PGR which are 
supported hy international cooperation, and to suggest some fulture 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 forplant genetic resources should be conducted as IBPGR 
recommends, and success of the missions will largely depend upon tilefollowing factors. 

Coowration with the host coutflry 

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, c) others. 

Funds 

The budget should be finalized as early as possible; it should be deterined a year before 
the mission with more than a90% probability. This isespecially important when the mission 
is planned in remote regions, because knowledge of the budget in the early 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 for it ayear 
in advance. It also require(] 3to 4 months before we could use aeroplanes and accommodation 
facilities of the mission Iv Papua New Guinea. 

Survey missions to renlte 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 to inflexibility. 
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Mission Strt .tre 
Missions are best composed of personnel of difTerent nationalities. Participation of'
members native to tilecollection region isessenitial, and it may determine the success ot themission. 

The acadenic expertise of members should incluide genetics-plant breeding, plant pathology-applied entomology. cropping systems, plant classification, and other related fields.During tilemission, members Iut .tstcach olher and cooperate on1CvCrv occasion.Missions with different purposes should someti, les move separately. Joint su'rveys mightredlice efficiency on both sides. [or examIple, amission surveying specific wi Idspecies mayrCLuire investigations in areas different from those lor primitive or indigenous cultivars. 

MAlwrials ouul.iuds 
SoIc of the materials and foods taken on the survey may sometimes be wasted, but it isstill desirable to obtain all necessary goods beforehand. This isparticularly importatl whenthe mission isconducted in renote regions, as they can be used in exchange for precioUs seeds(as lood or as true seeds and potatoes) as well as for our own food. 

bISIiIJI(Ict 

IIBPGR should insure the security of' members in tilemission. The exact period of themission ald the names of'sonle members who will join in the collection site may sometimesbC unknown beforehand. It is thus a common practice at present for nenbers themselves toinsure their own security. IBPGR must consider this problem and guarantee their security inthe preliminary project report. 

Regenetion 
When collecting true seeds in renote regions, it is almost impossible to obtain theoreticallyenough seeds to cover and keep all genetic variabilities which the cullivar has possessed.Therefore. propagation isan important part of the project for long-term conservation, and the
cost of lthis should be included in the budget.
 

("'nser ation 
Taro and yam are important food crops throughout the countries of East Asia, Southern
Asia and Pacific Islands. Construction of a long,-tern conservation centre for these crops or
ailternatively appointment ofa certain organization for this purpose is strongly recommended.
In thesc countries, main food sources are gradually moving to grain crops and genetic erosion 

of taro and yam is progressing. 

Manipo o', 
Many countries inEast and Southern Asia and the Pacific Islands have ashortage of peoplewho are able to handle problems of plant genetic resources, and thus, insufficient effort hasbeen made to improve the situation. IBPGR should provide expanded long-term trainingsessions in addition to short-to-medium sessions, and East Asian countries should cooperate

and support these activities. 

IFutute Ierspe'tives 
It isgood to know that many East Asian countries have contributed as donors to activitiesof IBPGR. Japan started support to IBPGR in 1979 as adonor country, and since the tithe main 
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activitv has concentrated oil continuous Slpport of collection and conservation of plant
genetic resources inl Fast and Southern Asia nd the Pacific Islands. Fortunately, surveys in
SoIthet Asia are progressing well. although inanly problemus still exist. On the othe-r hand,
those inthc Pacific Islands are far behind and ICCd StrongCr future support. 

(Conclusions
 
It is suggested that future investigation and collecting ol'plant genetic resources should be

ad anced in East Asia and neighbouring regions of the Pacific Islands and Southeast Asia. 
aid that enormutsefforts and friendship of many countries including those in these regions 

are needed to achieve this purpose. In regard to preservation of these resources, especially
taro and yain which are the main food resources in tie regions, the establishinent of a long
term conservation centre and edLcation of sutpporting inaipower are immediate needs. For 
that. the active support of East Asian countries is indispensable. 
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Assessment of physical facilities for genetic resources
 
in East Asia
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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 avery important link 
in the global network. 

In order to 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. 
In tillschapter we examine current long-term storage facilities in the region and provide some 
siggestions fbr ftulure genebank construction. 

('urrent situation of long-term storage facilities in the region 
The lisl Asia region includes five countries, namely China, Japan, Peoples' Democratic 

Rcpublic of Korea. Republic of Korea and Mongolia. According to the authors' knowledge, 
there isno long-term seed storage facility for gernplasmn conservation ineither the Peoples' 
)eniocratic Republic of Korea or Mongolia itthis 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-termn seed storage facilities in the other three 
countries are discussed below. 

(U'IIIN,\
 

In the early eighties, most provincial Academies oh Agricultural Sciences (AAS) in China 
planned to build their own seed storage facilities tor long-term conservation. Ilowever, it 
quickly 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"AriCultUral Sciences (CAAS) and IBPGR successfully convinced most of the provincial
AAS to establish medium-term storage facilities rather than long-term storage ones. At 
present, at least two long-term storage facilities at the provinci.I AAS have been completed,
naenly the gcnebank at Guangxi AAS. Nanning, Guangxi and the genebank at the Beijing 
\Veectable Research Center, Beijing. In these two genebanks, seeds were initially stored in 
papt,r hags at -I ()Cand 3(1% relative humidity (RI-). However, due to the difficulty in 
maintainIin gRII at 3(0;, I3PGR provided aluminized bags and a bag sealer to these two 
Ocnebanks in order that the seeds could be stored insealed 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,
I I Iu-m in area, 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. '[le storage 
conditions are - 100C and 301 RI h.Recently, the construction of the new Chinese National 
Gerniplasni Center (CNGC) was completed at CAAS, Beijing. There are 4 small regulated
1temperature adjustable) roons and two large long-term storage rooms. These long-term 
storage rooms have a storage capacity of 4(10 000 accessions. This is presently the world's 
larer;t genebank in terms of storage capacity. Seed will be stored in sealed cans at - I0C. The 
RI l inthe store room could, if necessary, be reduced to 30% Rh-I, however the RI-I will not 
be controlled in the storage room since the seeds will be hermetically sealed. This genebank 
was expected to be infull operation by August 1987. 

- ,11-1 -. p-q 
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Prior to the construction of tIle new National Germplasrn Center, many provincial
genebanks sent their collections to Qinghai AAS for storage. Ilere, germplasin is stored innatural environments without refrigeration and RI I control. The storage conditions here arepresented in Table I. Although there has been I 1obi ois decrease in Ltbia hea and pea
collections after 15 and II year storage respectively, the establishment il'the new CNG( willgreatly strengthen the storage facility for base colleclions in China. Furlherniore, the BVRC
has obtained funding from Japan to reconstruct its storage ficility aind seed testing laboratory.

In Taiwan, China, there are presently no governmental storage facilities for gerniplasill
conservation. Ilowever, the government recently has dlecided to establish a genetic resource 
centre for genuplasm conservation and utilization. Several million US dollars have beef)
a~localed for this purpose. 

TAILE I Natural storage of germplasn. ,in Qinghai Acadeny of Agricultural Sciences. 

Location: Xining, Qinghai, China (37'N. 102E)
Natural environmneni: Elevation 2295 ni; rain 43 cm/yr
Average temperature: Inside 9.7°C; Outside 12.5°C; Range G-21 C

Container: 
 Sealed tin trunk
Result: Faba bean, no obvious decrease after 15 years 

Peano obvious decrease after I I years 

Ri-I'[iiI.iC OF KOREA 

The main genebank in the Republic of Korea is located at the Rural Development Administration (RDA), Suwon, which is not far from Seoul. This genebank has been described in
detail in a recent article by Ahn (1987). The genebank is supervised by the Seed Management
l)ivision (SMD) - one of four research divisions of the RDA. SMD plays a leading role inthe management of crop germplasni in South Korea. Facilities for seed storage at SMDinclude one long-term storage room (34 rn , 2 - I0°± I'C, 30-35% RII), one seed laboratory
(143 j121) and one machinery room (100 2 ). Seeds are stored in vacuumized aluminium cans.
In order to 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 ( 4(1 m2i-), with
about five times the present seed store capacity, is presently umdlerconstruction in SMD, RDA
at Suwon. In addition to the SMD genebank, seed collections of variotIs 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 Agriculture, Forestry and Fisheries (MAFF), Ministry of Education. local
governments and some private companies (Kawakami and Fujii 1981). MAFF fornally
coordinates crop-genetic resources activities. The Germplasm Storage Center is located in
the National Institute of Agrobiological Resources NIAR), Tsukuba, lbaraki. NIAR wasformerly called NIAS (National Institute of Agricultural Sciences). The NIAR genebank iswell equipped and very modern. Seeds are stored at -10°_1 C, 30% RI-I in sealed cans for 

http:Ri-I'[iiI.iC
http:KAR-I.IN
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tAtBLE 2 Major seed collectons in difTerent research institutes and experiment stations of the Rural 
lIeseopnient Adniiiistration. Repullic of Korea. 

Rcsearch institutes & 
ex eriment stations Address Major crops 

Wheat and Barley 
Research Inslitutcs 
Crop Experiment 
Station 

Tap-dong. Suwon 170 

Seodun-dong. Suwon 
Suwon 170 

Wheat, Barley, Rye. Oats,. 
Triticale 
Rice. Soyabean, Adzukibean. 
Mungbean. Cowpea. Kidneybean, 
Pea. Millet. Sorghumin, Peanut, Sesame, 

oklpo Sub-Station 
of'(rop Exp. Stn. 

Cheongcheonri 
Cheongkeinyun. Mualuigun, 

Perilla. Rape
Rape, Soyabean. Sesame, Cotton 
Swelt polaht 

Ilorticulture Exp. Sin. 
Chunnam-do 
Yinok-dong Suwon 170 Vegetable crops: Onion, Welsh on ion, 

Burdock, Mustard, Cabbage. Chinese cabbage, 
Turnip. Red pepper. Garden chrysanthemum, 
Melon, Cucumber. Squash. Carrot. Lettuce, 

Livestock Exp. Stn. 
thmam Crop Exp. Stn. 

Onok-dong Suwon 170 
Songhak-dong, lri 

Tomato, Radish, Spinach 
Grass and pasture crops 
Rice. Naked barley, Rape 

Youngnam Crop Exp. Sin. 
5 11, Chunnam-do 
Naei-dong, Milyang-up Rice, M~dting 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 slorage space. A new building and new storage facilites are under 
construction and they should be completed by the end of 1987. 

l':valuatitn of' liIPGR designated base collections in the region
Five genehanks in Fiast Asia have been designated by IBPGR to hold base collections of 

varoLs 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 Cotmittee (1I3PGR 1985). II3PGR has begun to evalhate 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 genebank
is very tiodern and well matnaged. All data are computterized. The accession retrieval systen
is unique. having a robotic mechanism. Seed samples are obta-d 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 mcet all the 113PGR standards. 

The AVRDC genebank has also been evaluatel against the IBPGR standards. This
genebank is well rtn and well etlitipped. It should be pointed out that the total cost of, the
(jenetic Resource Unit in AVRDC. inCltditng cotistructiot and equipment isonly about US$55(0 000. 1lowever, this genebank meets 7 preferred standards and ait! the other acceptable
standards (Table 5). The floor plan of the AVRDC genebank is presented in Figure I.

Basides the two genebanks discussed above, the genebanks at the Toh(,ku University and
Kyoto University will be visited and evaluated in November 1987. Since the CNGC at CAAS 
will not be in operation until late 1987, this genebank will be evaluated in 1988. 
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TABLE 3 IBP(;R 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 
Alliwm Asia 
Crucifers East Asia 
Sugarcane Global 
Panicunm 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 
lairi ss, the names of specific genebanks will not be mentioned. 

S l!t) I)RYIN( EACIItIES 

Some genebanks use air forced ovens to dry their gernplastn collections. Seeds are dried 
at a temperature between 35--45°C. When seeds have a high moisture content, they 
deteriorate rapidly at high temperatures. It should be noted that 40'-45°C has been ttsed in 
the accelerated aging vigour test (Tao and McDotald 1983). For example, in the accelerated 
aging test for soyabean, seeds are kept at 40(C and about I007( RII for 64 hours. Low-vigour 
soybean seed will be killed and the seed moisture content increased front 10-25% during seed 
aging. Therefore, for gernmplasmt conservation, seed aging should obviously be avoided. In 
addition, drying polyethylene primed vegetable seeds (such as otion and carrot) at 350 
reduced the percentage of germination, increased mean germination time and percentage of 
abnormal seedlings compared with drying at lower ternperatures (Gray et al. 1987). In the 
case of leeks, drying at 30'C was harmful to the seed. IBPGR strongly recotutmends 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% Rif) was 
proposed in one genebank inthis region, antd 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. Furthernore, 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 roon should be separated from the 
seed drying room. 



TABL E 4 A check list for genebank standards. 

I. Free ailahilit% ot material 

tromHcore 5 ,Ilectirof 

2. flack-up generator 

3. t-ire precautions 

FFire fighting equipment -

alarm s)stem __. high temp. cut off_
lightening rod __, 

4. Security 

P __ 

A 

A 

A 

A-

.. 

-

-

N 

N 

N 

N 

. 

-

I') Euipincil tor ecrmnatwri test detection 

or up5 I ,c:ds a*ld remro , ng dormancN 

20. Handling procedures before storage 

21. Seed drying equipment and 
conditions __ C. __rRH 

22. Seed cleaning 

23. Information about samples 

P 

P__ 

A 

A 

A 
A 

A 

A 

__ 

__ 

N __ 

N __ 

N 
N 

N __ 

N __ 

5. Refrigeration standards and equipment 

6. Safety of personnel 
I instruction __. alarm_ 

door open from inside  ) 

P A -

A 

N 

N 

- -
(-- r; passport data. 

'7 partial passport data. 
- _ ' characterization data)%i 

24. Seed testing laboratory A N 

7. Construction and insulation standards 

8. Storage containers 
(Sealed can . Laminated bag .
sealed bottle __._ other _)-

9. Storage temperature I ___C. __ RH ) P __ 

A __ 

A __ 

A -_ 

N 

N 

N 

-_ 

-_ 

25. Genebank personnel A -( No. of staff  , No. of accessionsSeed physiolocist in staff__ 
d ps i 

26. Agreement for duplicating samples P A 
_ 

27. Site of duplication ( If space is not enough, use the back of this paper) 

N 
__, 

N 
_ 

10. Temperature monitoring P__ A - N _ 
Crop Site Base or active 

lI. Seed moisture content ( - % ) A . N 

12. Method and equipment for moisture 
content determination 

13. Accession sizes P__ 

A 

A 

- N 

N 

-

28. Number ofaccessions of designated crops( If space is not enough, use back of this paper) 

Crop Number 

14. Regeneration standards ( - % ) A - N -

15. Methods of regeneration A - N 
29. Storage volume __ ml 

16. Initial viability monitoring 

17. Viability monitoring p-,io)d I - yrs )A 

A N 

N 

. 
30. Storage space availabel? Yes 

Date 

__ No __ 

Name of evaluator 

18. Viability monitoring test method P __ A __ N __ 
Genebank 

IA = Acceptable. P = Preferred. N = Not within standards) 
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FIIGlRE I 	 Floor plan of the (;SRU Iluilding at AVRI)', "aiwan, China. 

IABI.E 5 	 Summary of evaluation on designated base collections at NIAR and AVRI)C against IIIP(;R 
standards. 

Standards achieved' 
(encbank Preferred Acceptable Not acceptable 

NlAm: "lukuba.Japan 10. 23 1-9. 11-22. None 
24, 25 

AVRI('. Taiwan 5,9 10, 13, 1-4. 6-H, II None 
21,23,26 12. 14-20.22 

24.25 

Numbers refer to item number on check list inTable 4. 

RI (ONTRO. IN STORAGIE 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 seeds are stored in hermetically sealed 
containers, seed moisture contents will not be affected by the RH in the storage rootm. 
Therefore, there is no need to maintain RIIt at least not as low as 30% RH, in the storage room, 
if seeds are stored in hernetically sealed containers that are properly designed to avoid water 
condensation damage and rusting. 

http:14-20.22
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I Al1,E 6 E-xample of calculation of sfroage space for 5 O0 accessions of sovabean ain( onion. 

Crop I)(X0 seeds 4(0(X)seeds 
Volume required 

50(X) ace. Estimated required 
(c1m) (cm10 (m') storage space (m') 

S; .thean 175- 2(W( 800() 4 12 
Onion 2-9 36 1.8 5.4 

SII tRA( ;PA1' E('b 

There is a tendency to build large storage rooms regardless of the nuinberof accessions and 
crops to he stored, particularly if finding is from a foreign county. Yet ,anoversize cold 
storage room is not encouraged. since the electricity costs will have to be paid for by the 
oenlehank itself. Prior to the constrtuctiOl of' any storage facility, the numbers of accessions 
and crops should be estimated. Table 6 shows two ex amph.ks of'estimiations of storage space 
rejuired tor soxahean (relatively large seed) and onion (small seel) collections of' 5 0( 

,accessisneach. 

( 'onclusions 

Many storage facilities for genetic resources in East Asia are newly constructed. The 
gcehanks at NIAR. Tsukuha and AVR DC. Taivan both meet IBPGR standards. The 
comlpletion of the NGC. CAAS genehank in Beijing greatly strengthens Ihe gemiplasm 
conservation program in China and in the region. Although there are no long-term storage
facilities in North Korea and Moiwolia. new enehanks inRDA,Suwon.IBVRC, Beijing and 
'laiMIare either under construction or inthe planning stf,4,e. The outlook for long-teml 
s,,oIrae isverY bright. Some lif the experience in genehank con::truction in this region as 
discusse( here could prtsVide us1 ul guidance for other regions. 
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RI'CO M M FN DATIONS 

lnternational workshop on crop genetic resources of East Asia 

10 	 1( )FMTNII3R 1X7 

The first "Syilposiurn on the Genetic Resources of the Far East and the Pacific' was held from 
21 -24 October 1980 in Isukuha, Japan. '[he current Workshop, which can be considered as 
a follow-up to the 198( Symposium, comprised 91 participants from ten countries and 8 
p)articipants from 3 international organizations. Seven status reports were presented as well 
as 25 research papers and 3 discussion papers. The Workshop reviewed organizationial 
dcvelopnits ill countries of 'ast Asia aid adjacent areas, the ntilization of genctic resources 
Ior produtivity, pest and disease resistance and stress tolerance, tIle potential ofwild relatives,
I1C collection and e,,alalaion of indigen,, us germ pl as ini!ast Asia and advanced methods 
ofl evaluation arid rmiaagerient of genetic resources. Towards the end of the Workshop
revcie,,vs were presented on progress since the 198(0 Synposium, in terms of the iinplemen
lation of Carlier recornendations, collahorative programnes for gelrnlplasi collecting and 
physical conservation facilities in Fast Asia. 

l'articipairts rIoted tile enori-nous strides fbrvrd in plant genetic rCsoLrces activities in East 
Asia. especially with regard to gerniplasm collecting and exchange, the great expansion of 
physical conservation facilities and the increased utilization ofgermplasn forcrop improve
nelit. 

The Workshop, in all its deliberations, reiterated the basic principle of free exhange of 
gerniplasm as the basis for current and future collaboration, both within an outside the East 
Asia region. 

Germnplasm collecting 
I. 	The Workshop reviewed progress made on geniplasm collecting and subsequently

revised the exploration priorities. It recommended the use of the revised priorities as pre
sented in Table I 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. 	 lrhe 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 geneticerosioni among wild relatives ofcrops, theiroften 
unknown potential and their frequent use in breeding for disease resistance and other 
purptoses, recommended that increased emphasis be placed on the collecting of wild
relatives and also requested IBIGR to accumulate infornation on those cases where wil 
species have cntri buted to plant improvement.

4. 	Noting the lack of' in'rniation on collecting missions by various institutions, the 
Workshop recommended that each country and/or agency ntominates a coordinator on 
genetic resources to act as focal point f'or information on this and related subjects. The
dissemination of such infforrnation could be stimulated through the issue of a regional 
newsletter (see recommendatior 14). 

.Z 	aA10 Z 4h 
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TABLE i. Priorities ror Exploration Activities'. 

TSUKUBA 

Crop Japan China Korea 

Wheat 	 IC IB ICRice IC IA 
IC 2A 	

ICBarley 
IBMillet (common) 2C 3CMillet (Italian) 3C IA 3BSorghum IB 2A 3BMaize 1B 2C 1BBrassh'a(oil) 2B 2A 2CSesame (oil) 2B IBScharumn 3B 2CAroids 3B 2B 3CSv.eet potato 2B 3C 2CSovabean IB IA IAMungbean 3C 2B 2BRed bean 2C 2B 2BChinese cabbage ic IA ICCotton 3C 2B 3CBuckwheat 2C 2A 3BCoconut 3-

Cassava 3- 3C 
Yam 2B
Eggplant 2C 2B 3CTomato I- IC 2CLeek 2A 2B 2CCucumber IC 2B ICDeciduous fruits IB 2A IBilis IB IB 2B"itrus 1 IA 2CTropical fruits 2B IA 2CForage legumes IB 2C lBForage grasses !B 2C IBBananas 3- 2C 3-Tea 1B IA 3CMulberry 1B 2A 2CGroutidnuts 3C 2- 2-

Barmboo 

Priorities in terms of national needs are rated as I (high), 2 (medium) or 3 (low). Indigenous plant geneticresources for these crops (and forages) are rated as high (A), medium (B) or low (C); (-) no indigenous diversity. 

Conservation 
5. 	Noting that a large number of institutions in East Asia are involved in genetic resourcesconservation, the workshop recognized the need for more complete information, andrecommended that national plant genetic resources inventories be prepared and relevant

catalogues be regularly exchanged.
6. The workshop was informed about the status of those base collections in the East Asiaregion, which have accepted the IBPGR request for long-term storage ofspecific crops.It reiterated the principle that each of these should be duplicated in at least one other basecollection. The Workshop recognized the need foradditional designations forthose cropswhich are not yet covered, such asSetariaand buckwheat, and recommended that IBPGRfurther 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 vegeta
tively propagated crops of importance to East Asia and neigbouring regions, including
laro, vain and coconut. Most of this gennpla;m is currently being conserved in field 
genebanks. and the meeting recommended that collaborative research be initiated on 
alternative col servation mlethods. 

Training
 

S. 	I1 oretICl Iohe able to assess future training needs, the Workshop recommended that 
IB'(iR carries out asurvey of past training programs and assesses future needs for trained 
man powCr in IFast Asia and related regions. 

tQ. The Workshop appreciated the role of the short-term technical training courses as 
provided by IBP(GR. IRRI and J CA,and hoped that these organizations will continue this 
effort. 

I10. 	 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 
Phi) training. The latter might require special measures such as seeking additional 
funding. 

Regional collaboration 
1I. In v'iew 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 
doculentation/rationalization of existing collections. For this purpose, the Workshop re
commended fhe 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 ofthe CAAS and IBPGR,to establish an 
IBPGR Field 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 
14. 	 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 
15. 	 The participants considered the current workshop ofenomous benefit to tile genetic re

sources 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 participant; of the Workshop wished to record their appreciation to the Government 
ofJapan FMinistry 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 theirdedicated and untiring efforts and to the IBPGR for its action in the region 
and for sponsoring this Workshop. 

http:iIENF.TI
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