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FOREWORD
 

[issue culture can he u,d as a plant breding technique that helps shorten the time 
needed .o develop a true-breeding variety and that enables breeders to make wide 
crossus, sutch as the heat-and-rye cross that prod uced triticale. 

Iis vo01lc contains issue papers prcsenItcd at tile Rice Tissue Cutlture Planning 
('otikrence. held at the Interlational Rice Research Institute 2,-30 April 1980. The 
conlerencc brought together both applied and baic researchers iII plant genetics to 
pin tie coojpcrati\c ,approachcs suggested in thc conference report. 

Ihe authors of these papets ,)xplorC the potential nenefIts of applying tissue 
cUtltuvc techniqucs to rice breeding and ertphasi/c the p oblens that must first be 
sol\Cd [his rcpotl particularly a.ddresses the needs for collaborative aL1 coopera
tive \C k i" ii, rPOI-ite this nIew%plant bcding technique into programs of rice 
\alictid, tlllI \ CIIC1II 

[he IR RII colmilittce that ornglt'Cd the cnf!crencC inclded )r. N1. I). Pathak, 
I)r. (Gi. S.Khush. I )r. NI. ( . Rush. and I)r. S.Yoshida. )r. IARUC Pollard, IRRI 
visiting scicncC Ciltor, assisted bV MS. ('ora/on V. NI edoia,assistant edit or, and 
Ms. lImCrita P. ('crvantes. editorial assistarut, edited the proceedings. 

Marcos R. Vega 
Acting director general 



OPENING REMARKS
 

Worskhops and cot'ncrcu.es at tile Intcr ititinl Rice RCsrarch Institute (IRRI) 

have two basic objccti\ cs: to bring prticipants up to daitecon lie\\ development and 

p[+ogrevs i I .cc rescarch and, nllorc important. to set tuturc rcsearch goals. 

\\(e jokingly icler to the hst objcctisc as the "'show-and-tcll'" portion of our 

conlerc.Ics inlorring cacli other abotl \h ,wc have dotlc. \Wc rcter to the 

seeitd ()bjcetic as the "'s,0 \ hat'." scssiots discissint, what wc .Nholddbe doing, 

cousidcrine \whal isknown. 

At this, , orkshop, w c hope %,oncontribttc to that sccond objcctive with specific 

,tietgestiJ()Io \\ hat \\c shotuld hc dying in applying lissue culture to thc improve

eltt )tl ice. 
issue culture i, new. I 1RI. v.hilc still using traditional plant breeding tcchniqtcs, 

I))\ ill Cxataining the )otCntial of tissuC and p)llen culture in spCding tile dcvClop

ltnt ol"ill m \tci l-ice -arictics. 
Some proress has bNeen made it the lrisuc-cultirC pr1pa1itioti ofl viricties in 

,,ecral cCreal crop,..:\ 1raCt deal ol \work has been done ill ('hIia on the usc )Ilpollen 

tilutc t) dc ehop !mIpro%-ved i C \irictCs. Some \%,ork also has becn done in Japon, 

Idia. , \.A istili a. ald (other countries. \\c hope that at tll,,workshop \\c can 

"haIC the i llo% arvailable oil tissue culture.n1Celr0al lloliol 

Bitt s,\e'+ 1nt ine() litel to talk of what istottake no than is ab~solutely ncessal\ 

aIll':td\ k.ih)Xt ill tice ctilltUitc. Inwit s, d, \\ ewant to!f()ots on \, hit sho0uld he (+101C 

text ntot ist hMat IR 1Ishould do, ht sshtt all ol is cotcrtaed with rice should 
ofit). 

( )tiet smkhiii)[I other topic h1;\cended itll sugg stioll. for the establishli 


It.H it01 Of scientists itlAsia, includirro CO PeCItal trs lorlll tctt\,Iirk siioperrtitte 
itit'iilC ie IetCiiin. If stiChl a tlCl \,)Ik sCClls feasible tItvl,r.RI could bring such a 

.01t)1 tl ckIll lbrlitttc scientists tiiethctr anid coild coiirdinatc netss.irk activitics. 

( )it supptolil itiCitIl liittig rt1l ciitdiunititte survC touls, thrtugh which 

.%t) L.tilil , sit id obscr e tetCll o il's CSCarch prot0iirs. \\C oftC do this ill the 

Iter l1;itatril R ic I stitIgIlri)irn, 1[or ex;Irlp., a group ol scientists concerted 
s. itl hlast %s.it rcsecteh aind scutcinI progrilrtis in ,csCtlIl coirItric,.e liCn we hold a 

so what" Coitcltnee fi(Iee;kd ol their iibcrs atiolls to des cl)p lCttIllllet.ndatiols for 

ch~trics. 

http:cot'ncrcu.es


YoIc IIleLIp (I cc ide I at io I I Id hc doeh 1! \ I Us \olIi advice. ohI how we 

best Cavl),0ou h I lu I d Iii hl'.Ca -n caI il'h . 2 I ' IIh Ch iiLj is \ hich .I\l arc kniool 

ketp II \d 1 I IIlIe LI'I'tI t ic.tI otl ItsWI lls! inth thiti, ' \V,iU to see ' sc 

NOUilCe. loCiiStd 011 1WC WC i ill.1 t'0,s s-IuIIItic~ t CV01p 101 (1e \%01Il'SRic 1', 1) 

FiiiK .%illt hites.liemill st tiesitil bs ceiits iitii he\.tl t 

)r. N. C'. Brtadv 
I)irector-(icucria 



THE GENETIC EVALUATION
 
AND UTILIZATION PROGRAM
 

AT IRRI
 
M. 1). PATHANK 

Rice is the stap,. food of over half the world's population. Classified primarily as a 
tropical and 'uhtlropical crop. it iscultivated as far north as 49" anLd as far south Is 
35 and From sca Ilccl to au altitude of 3.00(1 in. It is grown under diverse water 
regi ,,cs is a drlhlid crM. Icre tl .rc Islst;nditg \atr and rains are the sole 
sou~r'c ol nliit. aind in ,,ettd coniditions. v hurc \v~it.+r drived from rain or 

Iilr at I II stc [I Is ind d in the lid. ( ,lopes it isctlhi\ti eittd is"i IIp( s in terraces, and 
in \ allh\ , r ,t ii, Ois It ishcr lh -i, it is gro , n in sseral fet of standing ,iter. 

p,,"n iimtt a " idc ng,_ tcn nrc. ,Oil1, st. lisLasc colditions.W i r , l01 pcr,:it pe._aid 
I hioti.h 5.1)1) seils oll tll tio . iicc pitsl hie ;idapLcd to0 these diversec i 

cI(tliitni ..I lost\ci. most ,arietics p oss ssine spccialiicd itl:ihutcs arc tall and 
cat ind hl..ec casil , .li l dci Cd dit! iii1 condition.. Their10o llut lit ilipot 
puttiuIml h10r elf' Ctl[ utilli.lne! nattulal soil Ilitilits or addedtcrtiii!Crs is linited. 

Ilt dic' Ii,i Illir, 1h0iti idopti ! inpro\.d ; ronomlllic plactices. AS a 
c.'tise-L')i +c. iLC . elds ill the tropic-, aitd suh-tr conly Ict\,ccs 2pics t;in l 1.5 anild 
t hi. I1)lip.lut' areas. \,hcre short-stuted ,arietics arcmore ofte1 grown aid 
\IrL' ullIf i t1d iC a folio\VCd, ils rantge hciween 4 aind 6OrniC pi 

ill li 
si net e,?.IIlre chl;mnccd the ;richitectlirc o the rice plant to a short, stiff-stril\\ed, 
lrea \ I pli tt ith mnoderiiel\ to changes ill 

scA lti't thiCarls., s,ic;lilCd these .CeaknsC-cs C 1 the typical indica 

-tit iiiu tipright leaves and itnscrsitik its 
dis let I his 'llit 1,p 'Ais dc\clopcd to make more efficient use of sunlight, 

', .
 
!. :IIi tI I t T I , .Ll II Rl , II, , lI I C I t'-I I tII I C C L t tt (I.llo\ 93 



%%atcr.and ntitriclts ,ind t0 lie thle l0i1' Ci\ Ilhmeiom needed hy mlanlY \'a iir. 

ollodiLi1ieL. e.antid 
Slitsiti\C u~!ie. CXeripiIIC h.\ I Ill 1ilted that ighi 

1Ile "110H, S.'Ii-strmi iifi\ tioitphitteiti-
R8, ICkr~il i1960, iraI\edeinu)1 

he Oihti~iil lIe rimjmreN' aid ',11)rImt IM',~c
 

itet~ Sili)\tarrt111, I'mII 

\ ieli of! Iice canl i tLme, SeO CMI MVi, 

iii Ial\I r C ritIctih i. 
Irretic \ I kIrici I IrCtr C C hccii l I11 tletAiri\ 1 CC \ 11 Itrr111 Ld 4Pt rli\ I IJa~tC 

mc\ll iirIILI c IWrr M I iiriuc tIr W t'1, "rItelc II ic ,'IIrImI i Im~ee. hm 11 1 IrrmcirrI o e 

'l iir ritricirCC ." C". (11mirtIll 1)rirmiit 101naI 1ri.ch (IIe'ami\ cm". ' ItIllrr I e 'ini 211 

\mAIltL t iI~ Il d trrrtr m~mrt \di ins ll" rIlieit 11IL". ie iiI C. ti itl . . t 10 C t 

\aitte. tmleitt1 amitJiti tlr1c Ill \aci. irrcmlrteicc t11eitii.LItc Cd ire1m:. 

it n\ li. 

Im imiderit1 hii2ii-vieuding \ aricad ieiu t)m[)I('. A"ui' ti Militvo.nrther expanld thle tiec of 
at higher \'ImZ 1 s Ill CUti-CIIt alecis fit prirdjitton., it IS eSSential,1 t0 ilemOIateI,'j Into 

ilt whii iare omaiccomplish that. scicniltks rCPI'icetn diitleeittICY Izovn 

diseillics nitistI coimmriict their ctturt'. .\lthriu'li IRRI s(iclerrti'i' Lila\i 

WOImrked Iogctheri in ,.ticIt st til ies. t it rut.,lisceiplIlnarI'\ teattil ,ppili\\;Iis \icimiei 

ton;I toltM I ( li'li I ula n iii a dIu tilimat mi ll 1 ') [mnurrm Ott 1) i til t 

;Irlitilriitlii 

thcicenetic pmmtlitiil minthe rice..planit. It I's \Nulirmi' ..\An 
)7.Ihspiogimru~i ernhdies.riIstite-ie pimih tomc untl 

subldi' ided unik prbenui 


litelid~isephila*\intea.IHii (11 (it OiCn 11a0ne prliconis i)I1itr2CI plant bieie'id 01 
:ea' etelist ( PA) pilolki leutirsIlIp lor eehl prIoblem a 1e,1.!.1 I.ear2111 

omhjeetixes and geeri opritioiuil patterns atie: 

eweiNth cotitini nlg rNeice ret 

st11I)I timdilttit11 uimedlliatie Conditions: 

* pianitinllg anid mcoori itia1to inhnpli Na res 

'U'. I o 

r t, -d- ,tm ,- : i I itimmiluiwiim mi1 l~ it P1,i3mi, rmu 1' i 1 . rm 'r'in J(, J' inCt 
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// I I f ed t o for 

HB B6PB Rli__ 

m; renirj itr (] h ltl!! di-

Improved '
 

2. General operational Jrocedure of the Genetic Evaluation and Utilization 
G3EUI protram PB plant breeders, PA problem-area scientists. 

* (lvel. piln! m thodlil ,,,: 

0 1Inl taiml ;1d1 alcitiue tie Iorl'. relrlplasmti:[cc 

ntI'e.l" C t the v,ruld Coillectjoll to i lIti,\ par tlit t1iatenrals: 
* tnd(rtNtlirt. , l ht tIl a id e ttttIeSof0Iresistance to ;itl tolerance bOr various 

hil ort ,* dchlIOpIIIt ,, Iraees of pcst", etle of)In,%I\ al oil resistant plants: 
I, te 


" tlc,.'hopittn olrCc. ot r"stallc or to'ra;ll.e fo prohlIctns:
 

• >,tut.dthe plantt', ristalnce to or Itolraite fir-\ aritmis problems: 
itiipt\ed to 

* prodtcin lar,2c-scale li-vhridi/atio fmlIc hv ,cicntists at lRI and cle h.ere:
 
• secCitIe1 1hl.td materiails:
 
" IItipleCntiti li feld 0,luati0 Mii selection of1' hrecCdlI litci,. itCltiditie yield
 

* cv'Ilt;Itit ele'ctcdCillectiotis atnd hrceditgt lius ot intrntion l itirltrecs: 
* di,, entirnat ii cnetic ttatcrials: 

* ull\opIun eiillahiirative e.peritents with national scintists to iMettilvimtc
ri:',fm, h,'
itluoad ;I(Liptathilltv. 

l'LITit Ireedcr, citillitte t) be the eollitt1t cure oI the Institttc's breding 
p , mri tm, Prtdfl crm-ilcttaeltt cit adt csteiuitrihtite prnarilk' thurtiulh t ecirn 

tU Jid tti itIMpli IMil-piraite StudiC, (Ii'p. 2). I he ,s\stei,allows integration 
I the iJtpUts o1 \;irlt11S pohCin-arca ,pCCalists..\id the tiittltidiSciplitne arid 

,iiutlt loeatit tcstill act a ;tpluiard.s i ipli1rt the rclease of karictiCs otf10tc1stlscep
tihe to certain prohlttis thatn e:Xistinip rices. 



t, Ki . I ISST[ (VI.I VRF L IANNINGO ( NI-ERENtE 

(itN \1 tF U!()I 'IIFII \1 *\RI\)S%1 ()I(1I 

/L and p-c.'Cr\ CLI1:ILLj;I ICLl Ii~ dCntifv aund u.C11,10c 1.111flCaIL'S. I)[.(

\ toCle~~CII ',tOIIgL to 011.: MCLI h Iik.ciCjutial Needi tockS. and IIpovide Seed 

10 LIIIL IO M.IJ1L)u~ IlLJI ~)11it1. 

I1k(R(I. I liC LapacLit\ oll tile IR~ R'I faIcility is IOUfl00 IICCw\ht LIm iiOi

II1!liiuuII-. andi "liou(-iuuuIn slIIL!L. I t)11t-ICuuI lo ! ageillI \ acltIIil-CiILLI Cal, atl 

od~o)iLIInI'. at 2F0C. "Itoid mintalljin \ nlit\ fmi ' wa,. SiialiIIcs Iioi tile 

LOHlLl10l! aIlL'\ Ii~iilI t~ !!ILL I ill C()LIltIICN, Onl IcL-tILst. I )jIpLiatL sailif)ILs ofI 

liii ILLL.\ Il .iCIll NIto)IILao! tile ['.S. *',ItI0ItId1 SCCLI LIahOlItoI\IIilou1*1 o01llnS, 

(Xhl;1L11. as all ideIIcIIpcLall:IolI. 

IhC C0lleCtionl. COINsCI \ation. and1(CIIIIIoLil1C ol gerllp111511 start cL ill 902. 1,11C 
hank mmO\ hit, morelI than11 55.\F)F IILL50it. "hi mIILdlIIiIc Llht\iitw WONl~tCS 

1p1irtlltis C tarlit , aLn "In')CLIo.-SLOIICLCIIdhonn iai! paitsoil tilL uice-guiImotngewould. A 

2it"OIslllaru/ing tleL informuationl a\ aiikthle onIX,028 :IccLssiwls \\;I" 11hise ill 

I970. lZceoids oil 3S attrihutL' lot 4()168 bcell collpletcLI ((hanghICSO~'la\c 
1979~). 1Inis inlnnlation I', ht.jlIl! COTIi I)MCIiM 

Ag~ri onmic chra~cfteristic,
 
.\eI'nlonliu' LhaaIrI'istjc" ol thL improvdI-C ice plant that enIsurLe produueti\ il\ anid
 

LI li~tLiltl\ i\ '>iL'~ltIal': dlwal and Senuidvoauif StattlueCS: high I illrlIi ea pa-

LitLI~t\ 'I\sll~u. LI:i k-glL'. and( uprig~ht leaves: u'ark %cl02cItioVL' \ iglR: a1ppFII

1
Grami ,pl( iaiti 'I/C adl hajiL'. t1ilaL! i Llllit\ II RI ILLO\CL'i IIIIity (11 11Al 

ILL'. ahsece of white ar as. ppropriatc Iam\10Lw LSolitLuI m (w,o l\\JI5. 

Iui'Ln. I i o it lin Sa dC l1)itI sI II.I I I g lli l i ). 1x msiu'ciietl o coitok u l L LI IClI t iCii 

IL'.5ty for Ilu'"e CliRIIIctLI!stiCS IC LICL'Ii~IId. The elTeCtS of \aFiOnIS prchICsI'o:, aii 

io~thr\L'tqjirationls oil gianti qulity Fe.. titme of hlts. pailhoihiil~l ale' 

C0111111011 iiLINaSL>S. 1111CIILI5L'. 

tITurcs oll lIt,iC IlcL' IIL'(I (1i IL'Si'talICLF. 

,iatud fl 11IthtL'I) I 1W IIatilIL inIeCitauiee. anid 

tlc StIlahilu LSItIlL 10iOintail 

Ill-'lualioinII diIS.asL uullrsL'liL's it) deterLineIL pallliecl IdLIS. and thc elect (d L'nvir-

OitulutII tuli OIl ICSISIMIICL' halL ilImL ltL'atl. 

In 1I iAIII/ii c. "5' ilCc,, oll ICIIIlo LomlloII I.15c~t pc"' ill tilL liLLc ll 

plIll LiulL.''11 1i *L, RiCiltiliLLId. I Il lI C (uu0IunuL'telC'llCu' itIIhiOSis. tiILCIIHIL')Ainl 

LdIi7C ( uii\i iO.I IILL'1ICh od ~jCthiI uLSIStauIL. linsectii hioi \pL5. anidILIlIL 



7 1:%'AI.I'A'IloNANI)t"I'll.[/AI'IoN'I'Ro(i],A.%iAI'IRRI 

of Ic"I"talicc to ctillcIll 1wcct floptilatioll" illid to lIck.% hiol.\pc" arc determined. 

Isoge I I Ic Illd [I I I I I I I'vo.-i I It' I I; t I I I I I I IL", ;I I c (I C\ C, I() pCd. it', ;I Ic I III cs I-csl.,,I: Int I o ,c%cl it I 
MSCO I)Ct
 

P1,WC111 ( 0111cm. Illlplo\lll , lilt- p1loclil ( ()IIIL*Ilt 011Milled Me %%IIIIL- Illillillilliling
 

!Tilln NICId. )Owl ll ittclllpicd. IlicclL.Ct'.
 
cili, 11111111cill IIll I I II(Ci 11.11(Ill Ill I)l OICIII CO (fi Cilt ill'C (Ictel 

fillilcd . Ilit- cl Iccl ( 'I ill ()let 11t ()IltLIlt till _, I ;I ! I I of Hil 111.it I itI I lit' IIIIICI illiffl o.'k.,illIIll olci :11 
L'(1.11CIII ;tI L:"IHLIled. V p[ "t lid kill the Ili , )Ik'll) 0 )HICIll 01 1ILV 141AM ffc 
IL':Cl%Ill,-, Im%I)[ WI It % ;I Ilk I I (-' 111111tt'd t t1W AL1%;I IICCkI Ill Ald II).!'IIIIC', %kit 11 potent lals 
till hLymill ili C011) MCI cl'i iI it'll CN. 

I in '11rill INl'm, , \ j IIc; It A I C Cl ccilt ( I I k il. d Imli-All I.c."I"killcu ;it dil ICI.L.Ilt 
,,lit lic') d p h lit Iim 111, 1 lic ph hilW d (I I M-PlIt it\ k 
t ,)1(.i Ilick.. IIld Ick, Cl .\ 111d it I cI -I]I \ it I let lk 1" dclcl 111111cd. I lit- cI IL-c" of (I I oupilt ol I 
[)),I lit , 1 ', 1( Hill Wd, Ihe IOIC (111()()t 1-!iIIIl)tI. 1,1[k)(IIAMI "Il'iclilL!, alld Iidlilly,of Icit \CS 
illd the J)IC CIILC Ol ;I \k it\ \ 1:1\CI 111lk,;II mill'Ice,, Ill dlim.Ldit i.11studied.
 

I)I()II1L!ht-Ic,,I tiIIIt 1111c" it(' hied itIld ',CICLICLI , IIILI 1)10 dilll! IlliltClUlk Me
111112 
C iIIII;tIC(I HIRICI dIlICICIII 'ItIl'idlillittic colidilloll". IrIcImitimml dI\hIIld 1.1ce mills 
ille coliduclud. 

II40(Ph " till' (Idt CI W Wil ((VOilwa\. 11IctICS Me '1CICCIIL-d lot 1()It:l'iIIICC 1*01-
COIIIIIIWI A& ("I "t, Ill , III! k.h tl lclcl Luk, Illu wicl-111IL-C 101 iILI\cl.,,c "oll" and HICII, 
IIIIICI [t;ill('L' tl C(IL't , I (I . I Ile cffcct" (d agrocililiatic colid lioll" oil plant tolerance 
fill 0111 tIC ',ttl(IICLI tild hI(TdIIIL', fol- [OICF IIICC fill. Nd\CI..sC "OdS 1 , C:II-IiCd 

I )1,4t1)lk11!17 tm,/ /7, ()d 1(dcrml, c. I actill." IIIIIIIHIL l!IiIIII -\Wilk (d dCej)%\ ItvF Fice Ale 
olk-ICIIIIIII'-d :lild all illip1m cd-plailt (.\I)c till IWe I,,cofIct,'pluilh/cLI. RICC 
i. ll Irlics IIIt. "cleclicd lot. ithilitv to dolwitti, \%Itll 111CIC 1"1111, \\ato.-i 'Illd I'm 
'uhillclLm Icc tAL-filill.-C. I Ilk- illuChitill:)III ;I (of decim 11vi and Hood 
tolclillick.-ilic 'tudled and Illicsill-C hl.cd to[ dk.,t ll%\;Ilcl mid llood tolm ilicc. I Illphilsis 
kkill he on (Ickelopillu. "ellikkkall and Intel Ilic, 11;Itc-Ilel'uhl \al lcllu , mth c1mll'iIII011 
"ClIC1, 101, 12i'mo.11112 Ill 1- Ill koillcrand othadc"Hiti-ok' ;itIIIhIIIC,. ',Ildl it, JI)j)I-0j)I'IiItc 
pholopci-iod "Cli"Ilk It.\ 'Illd rc"I'dallcc to dN';VC,, Zld\el, C101k. dIMIL'Ilt, Mid 
odlcl- comilloll plohIcill". Vuch of Ilic %vo[kOil HOMI Alld CIIIL:I'VCTILV 101CI-MICC I,, 
I)(.IIIL,, Conducted ill Ihilikind ill cALIN itill loll %o.ith I hill 

/C0111001c 	 lolcram ". Rice \al-IctICS dic "ClVeilc'd jt \CLL:IiitIu alld luploductl\c 
!, f 1,11claTIL-C lot- 1111-1il 10%\ Of 110110I)IIIIIIIIIIMid I IIL- CHUCt', 

killpclallllC Oll plaill yl(m lll StL.1.111t\. iind ()Illcl-\ Idd I he 
IIIIICI Ititilt-V (d [Clllj)ffillul' , *odclance Is Ilm"t1umcd and Illic" ilic hied lot Ow, 

hillal.-te I colli INtri It]\ c pI-( (IC'. C I() ped \o,it I i t he I-im crnnicnt of South Kiq-ii 
lill-ilitatc,, iiiiiss scicening lit Korcil of lice C(dlcctloil illid hlcudlllt title,, tol cold 
toICIMICC ill diflelclit ttiwes of plant 

lit I\\ (d I ( )111 p A I I 

HIC (JIT: applo;Ich clizihIc" suicillists okillfel-clit working as it team. to 
C011111htlIC tIIL'Il cxl)clti,,c to Ole imprownicnt of ricc. The plant hiccdcrs and 
912flCliC11111 Illillillitill the lice "'CrIllph"111and proNidc it to prohicill-arcil Scientists 

http:licclL.Ct


8 RICE 'IISSUF CU'l.R PLA.NNIN( tONFFRENCE 

Taible I. Charcters being incorporated in improved rice plant types. 

Grain qualily lligh protein content 

Disease resistance l)rought resistance 
Blast Adverse soil tolerance 
Tunro virus Salinity 
(rass stunt virus Arid areas
R~taged stunt virus Coastall ar,!ins1Bacteritl blight Zinc deficienrcy
 
Bacterial strcak Iron toxicity
 
Sheath blight Aerobic soils
 

Insect resist:ince Iron defticien cy 
Striped horer Mainganesc toxicity 
Yellow borer Ahilitiln toxicity
Brow~n planthopperGrown ilalthopl er Submergence tolernce 

\Vhitebackcd planthopper l)eepwater and flood tolciance
 
Zigzag Icaliopper Temperature tolerance
 
Whorl iilawl'ot
 
Gall midge 

(stchIs plai t ilt hIgists. aIgt'onollists, Cntom1ologists, soil chemists) lor screening 
against appropriate problems. the screening prima rily iS dolic 1N.1problc tn-trca 
scientists, hill itl closc collaboration wNith platnt breeders. All h'vbridi/ation work is 
centtii/ct and is dlIC hv breCCLrs., lach cros, iNetven I numllber and the list of 
C'O.SSCS iS :\ailaileIC to all itCsCLtd sciCitis utl[1t1ncqnC'.t. S.%tbSqucnt screining of' 
breeding tit'teials and sccilliilcd stltdics, such as, tho otil the genctic's ot ,ariotts 

tttribut. pet- itntl pathoen acs., arle' cd.clticted itl cttlaho;itli\ cllort. (Fi. 2). 
thc (i11 lall itt lRl 1,,s'.trkini on iboutt 3(0 dillcrent <ttributcs ol the rice 

plant iltaddition toa,top ltii t plitnt t\ Ic I Iable I ). lIhat rcquirtesa ;iarge numbe of 
crosses, Soic tt which atrc quitc comlll-x. Sceintists it I 1I(<, make about 5,000 

Number 

5000 -r - . ' o - . 

3. Io t fIiM il(i-JP o r i 
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YicliIt iI 

I",tleh ' lin197(0 natlional programs.l ;2. tIiliijl(ii id! eiilrvm ini 19,7i tfii!s 


Ilitlcs ti~cd I'ntrie (no).) pronmoted Ito 
; ,) :roisw' State2,NUtWIr, i in slqttioin National 

n ). trials Itrials trials 

Yiwhd
 

IIk ( 35 12 3YN-1 .13 
IRYN-M 0 14 42 15 30 
ItlR YN 4 5 12 4 12 

( btsct vi j,,litulli 

IIR( 8 528 268 285)N 34 
IIRON 2 2 21 21 10 

S, I Ill 
r 

ill v 

I h "+I;tue ; 

IRIIN 5 55 23 6 10 
IRSIIIIN 4 14 - - -
W IRN 4 14 47 - 

iICCiS: 

IRIIPIIIN 3 19 25 - 10 
IIR(;MN I - 5 - -

IR SA ON I - 16 - -
IRCIN 4 30 30 - 17 
IRIW(iN I 13 - 13 

'IRYN-I - Intcrmitionil Rice Yicl Nurscrv-larly; IRYN-M IRYN-Mcdiuumi; IURYN Inter

utiiMal I.t)l131Rice Yficld Nursery; IRON - lnternitionail Rice ()hervational Nursery; 
IRON Interniutit'natl Rice ()hervatitonal Nursry; IIHIN Intermitinal Rice lliust(Upland -
Niutsjlv: IRSIIIIN lirit tinul Ikic Sheath Illiliiu Nurscr,; IRI N - hritirnutiiial Rice 
IuiIII'l ,Niursir'; IRIII'IIN 1-I teri;iti t lRice Irwit l'lilltpper Nii,,r; IR(;M N -- iter
1:11i1iAil RiLL' Gill Midlie Nursry IRSATON Interntional Rice Saliijty nd Alkalinity 
l )lTrJic ()),ivulii ;I CeN Rice ( ldIl'eraice Nurs.ry; andml[ NtLr,,euI h itrnatiolrt] 
RI Vu()-- IuCTiei titil;il Rice 1)c-p Wutcr )hibervaftinal Nur.er.y, 



Table 3. Participants in the GLU training program from 1975 to 1980. b country and discipline. 

Country Breeders Agrono-Mists Pathol-ocists Entomol-oLIsts Pliviol-)"istN Soil Cereal tnch- Genet-scicntists nicians icists Bio-physicists Total -

Bangladesh 16 1 3 2 4 2 1 0 0 29 
Brazil 0 1 0 0 0 0 0 0 0 1 
Burma 1 8 0 0 0 0 0 0 0 9 
China 7 2 3 2 2 0 0 3 1 20 Z 
Cuba 0 0 1 0 0 3 0 0 0 4 
India 11 3 6 5 0 1 0 0 0 26 
Indonesia 17 5 8 5 2 1 1 0 0 39 -

Iran 3 0 0 0 0 0 0 0 0 3 Z 
Kora 3 0 0 0 0 0 0 0 0 3 
Liberia 1 0 0 0 0 0 0 0 0 1 
Malaysia 4 1 0 1 0 0 0 0 0 6 
Mexico 1 0 0 0 0 0 0 0 0 1 
Nepal 0 1 3 1 0 0 0 0 0 5 
Pakistan 5 2 2 2 2 0 0 0 0 11 
Philippines 0 4 0 0 0 0 0 0 0 4 
Sierra Leone 3 0 0 0 0 0 0 0 0 3 
Sri Lanka 10 8 2 0 0 0 0 0 0 20 
Tanzania 1 0 0 0 0 0 0 0 0 1 
Thailand 17 5 0 0 0 0 0 0 0 22 
Turkey 1 0 0 0 0 0 0 0 0 1 

Total 101 41 28 18 8 7 2 3 1 209 



~I 11C iddLv I l I I III I0HI II1)11id%;I nt-Ill iiit Iad Jl11! t)iXI cItLtiI N %I rilt'.t' 

CIII~tC II III IL I I lIIItiII1W 110111.dI11tt LLIIIX i , 1N HI L I L :10 d2IItC 

llltl I I I ,,~ I 'It'li I tIICI) dtIlk l '] ICkihh~ lIC LS~iIC 

1111I~i 'Ix 1112. 111 t Ic ()iiI%wldI lc":, I III hul tiiICI . C 111112li 

LIVl I 2 Ii C 1t N1"IL t hpILll l AldI') I I' IlI LI I itII11 liM ti IC IIllI I Nlit 

ii Illol (Ii ol1 pI I nd1IIl I I IX III It hI'tt il I I I( llld I)5 *th [I 1 f 11 

I:iti' t. ci ' m ll I hLi t.1 * ttd I X tC I CIM I NCIIiIllI 11 t i 1II I12 il 121 il p
 

1

I' 1()l I Ii - Ilp t CIIII ll N LN V lw IL ftilitttI IljI I\ tp ililI 

L)it I ;Ill li , iI X111:111A IIXI Ci 1111 IiiILt111I\ N.a I c OWIIIoI~lII tN ofII I I i " Ntlliitl 

'l~t lilo I' : III I IX otittipI lL !0111 ll ((tI V 111 fhttL ) I til 1 N 1111 lf1c i c t.tl \01o 

10 I111112L111N IIt X I III I ! L \ il 11 1tt 1l h l IX 1111 NICII ot01S 1111101 

I j "CiitCCIliItil~~l1(IllOSM C, 1 JliII( Il 1 1t1C XAi1ls0 



TISSUE CULTURE RESEARCH:
 
STATUS AND POTENTIAL
 

W. R. SCOWCR FT and P. J. LARKIN 

Plant tissue culture isstill larel.y an eIpirical ,cience. I' mainltenance of sustained 
protoplast division and snbscqte t plant rcgucration relies on empirical nethodol
ogy. Ih at s-stautill principles %, he applied to ensurecre uo Ich car successful 
regencratio| ,Io n cell culture.pl:a fo 

But the co lpelliuc d p'sibIle, Cxpald crop productionteeLIcdtainttit an1d, sxhreCIC 
h\ the decloliint ol stlpl-ttr.t plant hrecdhit tcchlrolo'gy continues to 
sttstatl t ita New and expanded geneticnlrescarch interest in plhlant tissuc culturc. 
vatiabilit Ifor use in pklnt ls been oclncated.ha'imseret 

\ HIs i \1 It(I'I t( I1\tt SI!, 


Itsuccess isdelined as the ;l-ilit\ton aplali t species to IItI it10 cultunrc conditions. 
Its hv a historical qualititativc perspcctive (Table I). All ma.jorrtleastrc i,uivetl tiad 

crop srecies ate included a10,,the 31 1 or so species, for which plants 11a\c been 
rcecncrated flttt cell cittrc."s. Sinificaittl., 5'i of thtese cases ha'e hcen publishcd 
since 1)7-1. 

[heOchiehtued interest in cell cul urc a, t lundanental a applied research tool 
is fuirtlter supported br the rapid deceloptnct of protoplast tcchnology (Iahlc 1) 
and the isolation ol cell culture tntartts (fable 2). Ihese decvelopments also have 

t.1. ('tnmt;mv,calth Scicnitil (_S11RO),I)'iImon.1I'lant Itni icand Ir1dttrial Rccixrch ()r Ani,mation 
(inbera .\AutiraIla. 



Talle I. A historic-il and quantitative assessment of dev.elopmecr s in nlant tissue 
culture (colated from Muristige 1980. VasiI c al 1979, and [',niuas cI ai 1979). 

licvlpment Species
(rno.) 

artie.i report 

Plant I'tI~tFIwuI hlioi cellt, illwc 308 In'euc 'alo 
iLc in 1947) 

SUSrajilieIIpriopJist dIviMthi 67 G'111'./ / : .I( 
(1F-o ct i] 1970) 

Plant tre'leeiiliilio i l pro oplt:,l 30 ei''oliilnifta/ ihi 
culture (lake et all 1971) 

Andr.iicnetic p1:is t-, ithe ciilturc 65 atnr hinoxhi 
((;ilha and Malest
wSari 1900) 

Somtati~c II3 brids b plotoplasl Itllsion 

(a) Ilntrastiecific(al V.tahlic 111) 7 X. talihcupii 
(elctrs and Labib 

19741 

(b) Interstecific (4 ci,,csinvolve 
seXuIally incompatibleONspeLcs) 

14 N.glatica + V 
hnitg'oij~l.1i(C.a;rlsonl 

et al 1972) 

)celrtId % IthillIthe 1970s. as has theexpansion iIl recearch onl andrIoglnltic iaploids 
(lahIle I). 

All hit (,.t tile spccie, tol\Nhich plants hae been regentatcd from protoplasts 
are nlcmbc, 

tl ti. SoiiiIcet. ( )tiI olthe ,clmmCollylll iportlnt ([rtl 0stpect+ies u li

nicac w'as Cpoltcd rCe'nlt . Vis1 iIad \ 0,).Ltcfllv regeneCratedNaWil proto
plasts of pCarl I11il let (/'i'nl1'1too, miTriCUMtiM). 

Si,i\t ll ( tI ll , \1I [(S 

T he developmclt tl(dtnatlic cell PcIleic, if) plants roqtires, genct icdifHereices, 
Ch +tI'iIctCI'IiCdIll IllI O)l 1 ll. illh1[l ll ' 2ilt11It IA 111"li ilt]( litattuu. 

lhcnot)pically litinct tll linC' h\c htClI SlcctIC( UItlRI Ill itVO oC0it itiliis 

(]able 2). 1he pe1tIIII 0;st lit e tanllc' I1m( dCi1uIIId hioci'hemlical',tlL'u u1tant 
lesions Itottnthln d pio""- t+ ilIliltclccs.klst 


'leIli Iirlt, itthese plclil(ct)picilll i.,itllict h C all li clasifie'td Oi\' its 

presurnlpti\c liiuttilt,+, lIe hiiiWIhclnial l;lsi, iil the phlicit pic Changec is largely 

ttn11htfinutd anld the Inidc ;iI,I(iital,:e.ctcrinieti h.\ "exttial isid islstisiti, 

llkoivln. 

Phenotypic dicrsit , arising from cell culture 
Apart Ironl the phteno arillts. \hIs ilia: cO',cluetIce o direct seCectiiit., p1Cno

typic diversitv , oin. it a iceIrlrtlec in cell culturt. Ihe uiicrsitv ishe Iqttiltil"us 

reflected inl alterel tthI:rlulatirlel IcpolsC,, Chainge.s ilgrostlh rate ,iid gross 

nll)rphtlojy, aiildiltert lls. II etlular constItuent ,such as anti'ocanllin. Ihese 
changes ilt al,,ti.iatt" l 51c ciIth atltettatioils,t CuistIl relltionship isithlolltll;il hil 
(iffitult tiopttmic. Ilici i" w ilill to 'ullcut aftcIctie, or Itleast ii epigenctic, hasis 
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TI)hle 2. Comapounds, coitidiIions, or naturalI p~roducts for MlicI resista Ir, Wolera [t, 
or deticient cellliliues lime been selvctid (collated tram Ntatiua 1978, IThomas et 
al 1979. and firettel and Ingzramu 1979). 

A,iifoachl alalofc Bl/VCuo'lo 
F[Itiltijie troioitew yiir it jie 

.\zetii n-2-cairho\N litaid 
I lydro \yplrolile I'21iiotoill 

ptluorolilc Fi Li Limone hIIill fior0ill Ill ;acchali 

Slrcploilascio NAi'i 

( liluraiiiplieuiicol (hlilling 
(vclol \ ill jute 

rAilinollriui Anitirol 

Atraitine 
l'ropuanil 
2,44i) 
lPiclora ii 

\hillCTV 0112CisC this Villttio il lso is tniunIfcstcd amlongp plants regencrated 

rnl CCI li tltntlC. iv'llu'(l/lr'lru f/uUAIw ii 1Itlu\pCIitti/l 11h antlii / 

'tffu Ci' goit i( -juvaria/ iit v f/lilil/l ll/ 1( iu 'ilig lati//i/il /Ill I lliio Il i lll . 

Iulail\ il:lIt'ul JoiN tcllii, h~\c t-octni ciilci tclilliliines" (Skiu\i 1l9ii78), those5 

di\ lat il pitiktlast011 Nplt2 lit ItSliil ,-al 980).ic PilllltIa lh Can'Cpt 

(IList\(:itwuf il Ilwd illiiiitk ill i ItIii Cillj" . Iplprltul thatlll %fftIii ilC~li)HCSe 

SIllil ilIollo~ic~illlIClk 11p lmii t I 11112&illtiii! tl \ullill~ rcitlatc. 



Table 3. Somachmnal viriation in economically important plant species. 
Spe,:ies ource iaterial Sontaclones Characters displa.vinu enhanced phenotypic Reference 

screened I1. 	 cariatlion 

'Solanuti Leaf meophNll protoplasts > 10.0Ill) 	 Tuber shape.,yield, maturity date. plhotop.riod Shepard et al1980 
tuhcro.s:, z Russet Burbank) 	 requirement: plant morpho logy: enihanced 

resistance to .Altcrnria-solamiand lPi' 1yp/h
filu)rd jtlIi2a 

Solanuiu Supension culture proto- <21 I luber sihapc Wcnzel ctal 1979 
tuherosuom pla,ts,,dihanloid line 
Saccharumn Snspe nio0 cullsor callus, 568 I Ii :1iiced resist lice o Ihlclhil thouso-um H einz et al1977 
offic marnpt 10 dilfcrent Cultiars c 1:chezYr../ hr!. Iiji virus.' hrispireS 

cane1knJdield,near 

,aicrtiun Shoot apca. lea, or in- 417 Cane and suLar ild: 'talk number. lcitth. Liu a.-d Chet 1978 
opicinafIm I'loreieuce callu. 8 cultivars diameter. uolumc. ltti density : tiber 

Clrt nim Lea bac callus. 2 cultivars 	 1-nhanced resistance to 11. c hari toxin Larkin and Scowh 102 IL: 

Ijyicimaruol 
 croft unpubl. 

Zeca alns I lhbrid elt1r\ o callus 85 	 Leat arran e nmcnt. plait ilit. n,de number Green 1977 

OrYz, sa!.e'- ciallu,. 1,121 	 Seed tertilit. plaint hciht. neading date. Oono 1978Seed single pure line 
torphoh-y. lirph 11I1dCticiency 

llordtcum 1/. 11eaIa'I1.ma:'ol triploid 43 Rel.,tive ill n-,it),,Iisoenzy Ites, growth Orton 1980 
cmbry culturc habit. head t'norphol,_y auricle size. 

chrotn,,o cn'ultlhIer and associations 

mlti perenneLolium 1..to ,,u0/L. >2.000 	 (7hritnosonte numbher and association . leaf Ahloowalia 1978 
triploid embryo culture shape and .,e.floral decelopmient, growth. 
callu, vigor. ,urvi.al and perenniality 

Nicotiana ihiiaploids. 15-gen "-ation 46 Yield. irade. flowering time,plant height, Burk and Matzinger 
tabacum selfed c1,ltiar (Coker 139) lea! trait, alkaloids, reducing sugars 1976 
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of jL i[I rca ne.Di sease riiIg on a sca Ie of 1-9: 
1 resistant, 2 suisA.eptible. 

o 

0 MN......
 

I02
 

'-I 

)ne irus deiscas-resistrnt soniar:tloaCt I'irrrlor vith n etl;il ,ugalr yield has 
pOtCnIial as a colrttrtetcial cultiua. 

)l th 13 Iur'arci1 ,oma clcnes C\;IIltItcd i( dttailI ltrltie initial ,CrceninIoI iu 
t\\iappeared to their tiliot uari \ Imrid (h.n )c Srpelt palclit Ill Ied. lthcs 

-,ttMaellct ,are c\,tluated ill1imi I)Ci ,e, ld\ lllttd \ ield trial,. 

l Iler irritiated I etlrh h\ I arkill ml tie i,(ol;tior itIt.w, hari-citalrt lilrestl\ 

o1l li Iie;rt\;lellrt I ]\;m lit\ Ise\tLeIn"-i\d'\ ( )lret',thatsiirtlr.lli I Ii% e. I 11e t il ;I 
m idt blt l:t 1. "w(il l t \lll l(",.t c 1 )1it.1 hl.il
,cd (m1 tImi.'llkl"I',k l 


lt ,k Itflh,\l ;ish t ll Iu,ll It i (II tkln and t t tisll. t ,.'n\,. I. l , 
ert enllldI's"-, grueL't es l'l.'.ere\ i 1st' t ; I i lt.rtire. uute.i1 ,line.lietire.2 er\ tir I e ti ' :r 


!(,\Ill I act iml it ulll;lt t lt IiM ()ith Ii li , ,,,,s )s, re ti,,e' l i) ptthie ((Q I dan 
-
 s illi t'llerL,l',talt (() ) ctlti\l". Stoirtlel I ' '.,uisel')thhlC crlt it i ldto,,W d 

elrirarLcd it istar'e. iihtlirrrtlt ta thrat 1 Cell01:t1te-
,,rutnlclrec,,deri\ ed 1 
litesC, the picerre (i t0XIl Hout appear1tii ;Iraea'lIICLIICII.V,Ciltt d inl ti 
ilitribirtitirhi ds ]LIie tiiseleeeul_' cllri,... similarlIiresistanIceL'thiti ",rt' u er:" hut , 

Ireslt( ,, 'eporitcdK)\ ]IItI/ et;il1 t-

ILrLe pt.,tlll/ tlpt\IL u'/ i n\O
e1. tat stllaclolrc" ale htgin) e\;ilrlitend lot licd
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Scimickmnes )
( no 

[--]"to~n 
it- 4fir; ~ N0 txim-NO tO~2. Frqueuricy (istrluti)UlOnA slltanc T(o/ 

lI 
sacchal/ toxin of ;o viloh)rV;I seqrtJ;ilts of I 
~st15e1)lt)hQ((11I(1;nd ;ao!ioiitdl(O47) uIIv~Iu 

o f S.ouq ;IrcnnIrV. [ ;, ILIIIl t]10 ( 1 IS th toi itial 
V(loC:itYofthe nct!irlI(11;'tfol(Itlt:tIVltyd il;ttlfdf 

Ing]toxin colict.fntnIIll1 

-Q
I(
 

resistance. A ttttitih)CI of* solitaclonles of, a cultivar highl\o soisceptihle to leaf Scald 

(Nealdr it 1111A endeml ic threatl ill Anstralia, allso11iI/nimithltv), adisease that poses ani 
... . . . .
k i [ li I . ... .

ahitre testedl nS td t ion11111s. i T fied 

Sottiiichnal NariattioninIllpotall()CS 
Ietemn/\e~n~l" is eseitlial To ttnxiiling pontaton pliant ifuir. ll%kiutiLthlea

[loll t( tt] ri~ ot11L11Mi 111CtIre W ': t I ItI orIC cii ,I c IilIit\, ( mi , cotn tI i s. ItImakes 
Cnol e t WIIniII CICtIeItI es,,ttI tiiaII\ itpo sI hit (I c l )ipIlint iti1pi ( SI Iepaidm 1 I I.iti cd~ 

thatIit he( s,11titpini seetI\Uis i 1) 1 CIreateoC;l 10Ieh W Io l Iac a'pit tl UIetf\ th1i In es 
or mtnil a ia o nimaoin1c. It appeani thatl they have aeltised nlth anl IIitprvernet till oughl sornacionlll 
ltr~/et,it,ni,ihutonlattnitetr was;e ple liseper. itsitlilelsuxitlniine IJnt 

resI ne htI olatss kcIt' the lattin v t oteihl. II t co Ii lcI e alsnce.\ p 
op(.'atttll . tely.\ ).e l t I eaI in il t-ill ceffrt s ndi.CC to vide.alnld form TT nn 
induced to_eeclrate plantS. I 1hditilln nr. did not ittelniins dCiherateseLetiunn 
t~cm a It iiiti, thi thelt"+ Im -et. c,-,rih lll th teultc ifRh, f: l \ llm hl fulcrliank iOlll 


pliennutyin' C ,t as :rlit\, 11"t 1'0 0 phtilti n tclinos.dli tu ,ppar tIrs Ial t 

Sou1nti O e] %kinni lL'IIshlClttIer at ,s )Coi ctalon( ada)mteinteod ili ,e-a 

th a',t tntnc h'eiot .'tti t nkS,, th'aniti, nlloait i uh enhanceBrha lintict ltd i;a . 



a i r t 1 L i is i l l tA~ pl o i i c ti t n- ct~l tlptWi i l w / , i~ tt i i. 'I i i c t r i c tt l lF ii t 

c' IttII oWtrI ofjre IiI/d t' IVSSC tilik 

.ini- SIC I - I )k II,It 11 sI clCIM C 

Ialcl111m 11 uttlC IjI ti' (11cc Wh i Biill WtucrifCr 

h )Ioplt .cIneIt M ,IceIt)t cI11 c IMcI CtnI I lWCi IMMIi 

mlit, '1 ti.(11! icrijk tcl HICrtko jintroIi ~ tnc bitcIIiL 

p"t 1.111t 1-i t111l tcl lit Rwi c Hh IIIJlet h llnletse\iii.e.Nocvr 

'l IH on" pi-d' noiiimc 

I i it1. \tri; I ln ililic ttna vl 46 tii tIiil c N 11,1u V;1 ' I jirl '11rl i 15-itcnirdtjn m/cN,111 

Itttt It r iiii \1:I~nrue 1976).c c11d i 111 

~ttJ1;11x Illt 27( i t- io l I7s 1M 4 2934L11,I )II)Cditd C IIH IA 
ttic 40.3))oulldmic 1142.5 29.7) -45.8 

Ck"lt t aiki -11 1 2. 7 7. 757 9i 
N1,lj 1. ol ml lo ll26 MIW 11.9\ i- 3.88C,d 1I 121 , 'ldJid 111 

:titIIC ttr I I 1 3.311 5.3 t ll - ICIIJW19.2' ' t"~~m I , 

tfl~oJ .ttI, ItI tII tL tiei c ttilcl I tc) (lie trtaiti . I iuifiti ttttrer iil 0.05elia ttci.a 

tiitl i tItIt ii. 
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I IlL 'Llt;t (d kill k Illd Viitlllw -.[ (N-h) lic wIc\,iII( to) 111L.pOlctillal 01 "olliaclollill 

w ilallml 111 1101111.111% ;IIhIio-,IIIW "IlCoW, Ilik. dlll -Icllck- 46 (Ithaploids 

(ILA I\Cd I I OHI 0 1; 1( Ill III)l i'd 111IL' III d 1011ACCO I illtl\ III dIC 1,11IIIIIIIII I/cd 

'tild l )LClll 'l I L I 11: 11 1, 111 k.,, \k I I I IIli: \ I )L, o L-( I II, la I L!C. 

,"II ) I I 111 k- I f ) I I ; I I N :11-iill it )II If I till illh A VL' i 1 1 V I I N Ili id I, 

I I it-; .. I-, I lw l I it c 1l"-d llll '! l 11 1,- !1, c I I I I I I I I I I I I I I I I 1 111. 1 ( I " h c I c c I I 

I I I , I I 1!10 It I I IlA l I Ill ' W , I I I I I I I I I" I II I t I k II I I I. I I t I I h \ I I 

it it Ill I c C! I I I liCkt, \k 'I\ III it I it - cild I ;I ,L h il ll(.l '. 11) 1,cllc Him pccics. 

I Ili. Ill A l I'll( ",III( Ill III I 11P,, Ild o'llo, p .111 Ili,'! d tIIIII,!I it) Ilc ll 1w e l"I)CCIlic 

h % 1) 1 111,, ,1 111 1 ll 

10111L' 

I h )\\ L'\ '1. 11 Illo' It\ Ill III I'llill: I lL.111;jIll 'I ;j , ijltp, l 11)7 , ) I 

11 C 111111 k1 lit Ill ", 11 L' [)I I 4 11IL'o.'d If 0 111 111 IlItt'l "p t-c il It' It\ III 111 111;1111 )1111,) 1 

11MCI I IW', ( ICI I I, CLI I 1 (1111 ddl CLI]t III L-1 (I 111AI o: \ It: 11', I\ c II lilt I ( )l I. 

)11011 Imilld (.( mlildcl it h1c I'll 1011 it 1110112 111111k, It IIIL", kIL-1 P, Cd I 11)[1) 

k.,11hi" cull Ill Hill I'l tcd I I mil I I I Ipl, ml 111, Ill ILI plillil h'.1 l.,, ccil H, ldl ,n I, alld 1/. 

/I ib a ""o I!. ( )I Im I I It I 111 11 1It It, j , t Ilk, i, \ It' I I I\ C I. , I 1 1, t I I I M II I I, I , I\%I I I Ila bit I a nd 111 

I " lit I I \ L, I Ill I'll"II t 11C "C'. .11 I"t)cll/\ Im.. Imild-, k' I . I J i, 'Illd '-dulalmitc

)\ilh "IccLito, it Ill\ k'StlI!iIIltlII 01 OHl\ IMII "0111ii

II()t 11111% k III OM( ) ( MW lillt lhk-l \AlldtiOll hilt ;IkOAll HWIC;l"CLI 

llcqilcllc A I)III'd".111 IIII(I it 1111tilalcill ill l-,tlo-, I hill I lll cm ild 

I o 11111 -I I I )111 1, 1"" Ill I li'lo, t I\ 111( 111 O l ;111 II(IfIlk'Ok Iv o w , Im ll l1q, 111illh il I )I oil I If(' ,L'lcct I\ L, 

L'I 1,1111 1 ( )111o )[!It' ',tA -'IIICIII ', i d I I P 

I ik-c;l It,(. In "If I o ill k ) OIIW I o:,t I IcIll \l, it,, dc( (.Cti h1c. If(. 1.1 11cd I Ilk, 10"', 01 

11( I'lick 11, w ( )t I, Im I I I I),-, Ifill ; h il I If\ p ( it h o.."I" I I )l I ( III", ct )Ilk Iti"Itit) i , Co )I I CCI . t IICII 

o"lic I I t, 1,( 1111 -1 Hit I I, )[fit I ( [lilt )t it-, I )l H ICH it It, it I lit h i Ill I I I I I [I suc h "o llla

1, Iw I hj it 111 l n ; litcl "I)CCI I It' If\ N ILI 1)1;1111 1) 11 )d UCC( I Ll 11 C1.1 k I I OIll it hl, hl ILI ('111bl'YO. 

)rigin i if s( miack mal %ariation 

11 ' 111 1 ClICC I It Ll I I'L' Illlt Mitt 11111);l I CIII 1\ ',I;i I'll -' I)IICIIOI I)IC d Ili Cl It I, 1111011111 

I)LI Ill I L' 11'ClIL'I MCd I I )III CCI 1, P I ( I\'i 11 1 If I, it f I I IIC LI IIC'11 1011 Ol 111CCIIiIIII'll"Il. At 

i)t-'l . &.111M ill It )III it t C 'It I Id Joi 1jWCII lilt 1\ C. It h( Mt it I'll"ll ( q)l iatc if Ilit k I Ical cx 11cf-l

Int'lital [Oll. 

()(.If I'll )III " could ;icct mill I ( of )111L' li ifflill ]()it 111 J)( d I)IOld ',I)CCIC, NIK'll i1i, 

L',IIIC Ill(] "IdICIMILI CIill 19SO) 1()Llll(l Ill;lt pioim, m ,L ,Omitclimc,, had 48 

k-111w)IO"Ollik", citch. flicich'. I OIll PIOIIOtIIlCk:d 
[Ilh-'Ill 111CIMIC 01 %ill hich 

I[),) I I till I I "c2lCuitic Ill "i'lliAtli. ''I\ ptit- ch IOIll o"ollial 

k h 'I" "[Illil (IL'Ictimi". 'IdditiOll". 11,111"PO"MO11". Of Ill'ICT"Wil". M uch 

IIII.i'llt II(IIIII'llk ho.".1cclit-d wIt (1111Illy mil ,\ In"Onlillico'c1l". M illa

twil. it 1c;I,,l Ill III lillo-Icondc "tib"tililliml. \,IOIIId III\c to occul at 

Ill'I'll 1,11c to) accouill loll tilt., Oh (-IlIcd \iIII;IhllItl.. 

RCkCilt HIOICiAdAl 1IIIdI( ,O1 l-'(110111C Of 11M111/tIth Ill Ill C[lk'iII\OW'1 IlIdICItC IlLit OIL: 

"Wil'itl( 1, TWI 't'llic but 1, IIII!Ill %AIIIINC, I Of LAMIII)IL'. VJICII 111111-ific 

,,X , I Ill Ilic pic"cliccOl Inct 11011 CV11C. \\ Illch 111111hil" (IIIII, (if olo



Lilt LII!.I( dL cod'I1L hL(IIitIcIa) Lb/ (IL inIIljlpIIIdilp uII200).loI>Ldwduc t 'cumike 

t ILc L II II I t I ikN I I I I, I k il. I I.- 1111I'I111111PL I II I)I I I tLI IlIjI II.\ I iI I 23 I 

II L II IIC CIILII III I II I I I kICII(I II I II---C 

I ILLI LILkt L 

I I I lt I I I I I11)LILLL'II 1'1I 111I I~ I ILIIL Il Si 1 :3 -3 

I I J)CV I, I i N i cL'LL I ;INI I I I I HII l 'I I'I II IC104%. )I I INL III M II, A hS 1. 1 -172h3 

I IIL I I Iv .el I 1 Ili t] PlKl i.)I)I. lilt UCH ( a vm .( a la 

\iI 11,111a I I l . i d IL 'I IItI ilIIl III I11l gl ill',LI iL i sLIIpt SLL 

h%'-I I~tt
1 

I LII' Il l C11n' ILL411III 

I' 1I , I 'L.l LLIII Lu I11ILI UI I 1;L LII AIlIl' L It eI Cis L I.Ii I ' ILIIIIIII 111,ill 1,o oX. 

I' i oIl kcLIIL ' ' ILIs LI'I IL I' ILL.I II~ 
1 1

I I inL ) 1 ll I nLIII'LLi'ILI I LLL L LILI L i IL II I O L~'ILI01 IIl 

I IIL :I mll 1)111 10 

\Ii V. 
1 I ILLIp ILIILI I I nj I-ILL' .IIiII II 1 (I~LIILI'1 I L I l L- nIl I 1 1" L1 ILL, 

[llt1_1[l I LR \11,1I1LL II . I 1(iLo l PlL) 

tL 11 1 Il CI' 1111 

I, Kh 111d ~ LL I' lINT L~'L11 1"I'o i[lILI tlnL11IL l LIL ' I l litl I )11II.OL I (I 

IL.IL I 1 'L: ILII 'LLIIk 111d/ 11laI. n1-1i L1LL'LL-1 Alif III 'I , nl-' 1 p wL 111l 
Xn ( LlnI11 lullp .11 w"w , ily l\viIll.lclI: 

"ii[111I \\I II L ' I I'pLL .. InL lion Cifi c)LL I% Il I'lwaI I '11.IkIli , L Illho\'L 'lil~hiL 

''~('11. ' Al 1 (,III I I11.ll I (,ItL~' L-Lo 111 IillIL Itl I m \ HotI( i'1l 'I/i iLLM 

1, I ') i Xi L I ii mit Il 'II:l I il ,c il oiLL i ILL LI I INll X nIL I' ILL !Q' li 1, -V 

I I ILLI I'.,l IL L.eIL liI F'L 11C'lt. II 'l.IIIII 'J X!' IP C.~. C 

I it Ill~ .L I, ,i1 II'tI'LL L I.InL 'LILI ILL1 lLI.I Il i,'L' X I I' ;IILI . '(i 
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1u nw ut I clou'i'plant, gl ct. i ll jI mo: anI i~maI . 1 K .uu mi I IPo klti 11)'Q ijr I)uj la it Iil 


~I\N(N I I P~ I 11- 1i ' ~ ,ujj Ii)-.;(IIIuSt uur (, \Iltj ~ '!L
iI. .L11 , I II 

( ( )j/ tj~ tjji, I , 6, %iliiiittjlLIan 11 1" t[11lctcIlllui . "I 1ilijil' PI jju ~ i t) 111p lltI Ilo 



PROGRESS AND POTENTIAL
 
OF PROTOPLAST FUSION
 
IN CROP IMPROVEMENT
 

1). PL\ I XL irid E' C. ( ()(II 

IKli roduLCtiori of' ?Ilter'SpecifIc crosses ill crop plants is decsir-able lbor two ImajorIt 
rea'soi1," tire prodiioril of*rreo allipl)OIdIsMand theC of ine~eICi IIhIbidIll-S 01se C",CI 
tI onmfo.gerIIcl II AI o I IL' raiei aIII. ay be:1used it)trafr. \ I %oFI (drecIit aI I IpIIi p! oR h 
ritfrc pairticularr tecattmre's oI vIItcud specke, ilitoicereals. Icluidinge tic tieionl of, 

siniall so:Lirncntl. of alitril fn-Il4m)Illo011 h\ idueItLd( t r1ImS10CMition. I Ire i\;iIlilhlil% of 
lortoiIlst\;rand tire aI~IlIt. to ks phttttplists ol tii fererit 'plcies"is,pro%idirue c.tra 
dtliilisltii :rrr tiiiiilwi totxsoik 'I tIistlc iti III ~ I ) tIlf(idc I II LI I !v~ ~I I is I I o- s 
itroittitlit teefIIrhlottL!\ to CPTt plans"%o\ectillk ei-cIc\d inl IN7; ( lioi-Ill Iciatiot 
\5flli cl al Ii,, &oe ssrncril of currentl tinqfress andu jtotcitlal N\ill C'iip1;1is/c 

lit\c hco-een11 pln proticec hetmccll spo.ce" Cr.\ difficult or.Ilpsi~ to 

h.,h ~fe I It'I .ndo~r 111',11011 SUt/IIIIownaIs. ~u~h r and alnw 

/0ON~h/o tl iaidI;p '/itI tn u'1 'ttunarrid'W Rn/A 0ti:tt/tl/t 

14 irnoitrlI1&, 0 

Iale 111in ness hils aColncl;1 


iekeanr n1 tIt ttla~ f1,o rop IrIlproserrient. A\n attempt Is,being 
)irprte Mlmil ic I101d etolirr ibcadinr' programl. 

i K 



2t, LIL I I I I I tI I I RII N \ Ns' , ' 10N 1 I i I 

to dIL Ill( 'II A A lie1 'hIighl)IL I LL 2Ld 

LIOII ~ ilL I [1ItlL))Il>to V IIL 1//, Il LII.)ILL IW'LL I)1L,,1LL 11, 

\tLL). ilII 111211II iiI ll IiLI!LI L\ II I )LN'iN'lt). L1-

I IlLII LILLI" A!,I Lli.'ILL.LI \L llIi \ LILII LLLL, heL 

LLIL)LII ILNLLlI o IL i-I11(~l LIItIlL\IMIll IHI kLIII tIL IILLLL 1% III LIo i( (L 

\ulc toI L I kI l~ill'-1 thIpLLI))IiLLI i I l i LIl ! ic ll' .!l (1111,1I)11-ILLIlot toIIIL o 

Soiihti It11III;wlI' I12g1I11L	 (.wuild~i wi 

I hI LI" I L im cIi iIN IC Itotl h 10 11 pCIt12l2LII I I I "II c 

ill allIlil it'1 di.tk .1 LILod i\LI ) hILII LIlIl~d lC l x lLLJt ihIll l Ill 

t "Lmm m11to, bII d,1 luto 

dS 

~lILLIL liLL\ ' 	 1 1 Ol)l.IC i\LIIilI WI'1LLLIIIJI1\\LR I ). ILLIIL. d ILLLt i )llIl ILOII111,11o 1 

lkdLomllI'- IlIII1"I'LLcIL ILLILIL( lkooiILi I It Il ol pI1L;L~Nlml '121I ~II 1m. ANLl(LL 

I l/LL/Lhj LII! LIIXIwIp II !'kldI' \ J111 211hl(it. LI SIILNC Ij)~l lLIL 

\%cI ILLI\c lIIIILoIL LII I i i/L/lorL JHi.\ picationIII l plkoIICILI11I Iil il cILLopL 

ILIINI 1 LIL I\ itLI ll Io\ t II/IIk il d Ill IL \l NLIIi~)I L I t II I ilitLLj l 

LIuII	LL I IL) L ho ccII :111dI tILI ill LIIiIas IL Fmi 

LL,\\L LII'LL ;111( II I1N111 l'bIi LII tCLT\\ %NILI 

11LI' a IIIL N12tIics such brid Iltl 

II1,12 IILLlit Ll 11111 LId([n ILIII II 

LIIll IL'll ilil LI W1 lILIN lLiI \e iu\ LI;IIlloILLI lLUt (0121M I pinIIIIL ofI 

;1 LII/IIILL). It INo 

p iI.,ILI ll I mcd cc)ll'to)l~lt LL1ILIL LLIILI 

tH l LlLI ILm LLIIII12lL IlL/IlLl hl\Ld1IiL L.\I LI\12 II n 11)I/li It LtLIL 

'11 I,I LL,,h' II L ILkI II INL IIIIII c lLh LId LI(Lw,LI II1 Itw \ III 

I LOLL)L l tIIIp)11 Ll l ua Ill IIIlill)iak Slect iL l o~lIII %ill IltolI 

i LILLIL Li. alle Ls iiCL Il INpL1ioLN 

I 112 'W 1I) 7, 111i 11 (111iL ill , IL in11 MiltIlLIIp LII) LomiLII III\rId aliCl l 

Ic I> 11112I IIldiL ilIII L II I I N I on f 
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SEXUAL 

DLANT 

TRANSFORMATIONS 

SOMATIC PLASMID 
(AGROIIACTERIUM) 

o000 

SEXALLTRNFRE_ _AIAIYTANFRELSI RNFRE 
PLANI PLN PLANT 

1. F1wi iti, rtpiton()f he m~m piced es or p mt ran foril'Ii00 

11(mIs 001100ted 

IC\Cl llllcllt\ 1olcplant ll t~s til dc~o lit [-il' IIn i lNio-' a Il~ 

ilcvinl~l~o11 1eveio lltt it ol e l ants ge, a t he fltimitflI'I is a s ],-tjWU anol 

pI!ihill~ihiiliI irrWilti , ie polla rasDCIOO.(IU()r kiled ciintp cl a 

h11ll1tl1 HIt I I)ll~ rtl] t o t~ilLJ (L_'I2 lt hcll It d ii riliuspeciet' iLl',' th'L ll l)Ife 


L'p I h\Ci' phellllIlL 111 IllII'd C dICtI IiIlli lllat es eeg lac Ruhead
 
h\l lee t*110,illlhliil it h)Vd l mille Itu L eClishs d anlI~
i t 1 Cli t1 Vin Im]lim c to 

ILI> 

It 111(hll 1111 ItI 1,11,ii ea pu1111t m I .~htii CII l pLclI ihie iii rLmw mC l I)killop 

111,1, )11 rIl11111m. %,,o ic\;1h 11ridi/ati l ofc~ lpe c c l a lfltn[ u ts 

Ree l~SI11k llt I ICtI\\ LIll~L 111i1" th/C1 1111 llaAi[p il ~ss11 l oigrslt i 

tltrlI Li(*,IHljinlllell o l)(etItr I lotllln;I , OIL nre I it I h 9!gj alscol schn 

cflol~rs inl protoplast Itisltl. I Illiirtiltli, ,%oik [in this (Ilicctilis als h(elig 



itlpc~lC( h\ anll tit to WU.ltclClittc Mhoic plantts from flmat/C protophtsts.] Ihere is 

flot ijlItilutvl ft"IL plotopl~t obtainlinlg hoteiokarvolns with ifritccnttttit anid 
x\tliltt IIrat L-tal 1980). 

\1 I I I tIt1 lit I\t', I It tI 11\ 

t rooduu lti , N\NI~lt kciLltl i cciak. 
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PROTOPL-AST, CELLI
 
AND'TISSUE-, (ILTJRE IN RICE:
 

PROSPIECTIS FOR THE FUTUTRE
 

Af itcdcadc of nltcllslvc tissue cult urc cescat-ch onu ricc and otlicr plants. thc lisc." 

and limits of tisslie citic mnd relted FCC;IrClla1;'C been ClCal\ dlCLItd. 

Kclcciet \tiotkine. m.thIi polit.-l cllllb andi pailits fromticc(. liic\'Il\f 

siiteI2c CA ,l, ft oti platcl ot\ atics illdIIII!lICI ' m I,ild I)L-'1 I '\ijieki ii1(1101l 

)omno 19)S (hotctil P5. Owlnmm P) . I III K \;[Imm ct l IF! ( 1mcItl9,(). 

I)CII ct;Il19,M). Ktiehejenko IGS)). IfthtI Ill. prIpl lmmc hceer pimmlrteed 

*i1( IuiWe, l.I, cllrtI, li~ hcbe,t tIkIL,\cp l d( V rt)IiI .)-I )0-1m 'Ind Swi I1 )0. 1 ,,, cI mlI 

Cm I\iiI Iii lIiIi iCi t. .fI \ I 'll], 1I tiC mmIL itV I I M '-II if, I lII fCof so"h i 

)btV\bcmic applied ic;m~chlIl inl(he -

lIitiil niisu.itm2 ttlit. it Is I~oNViiNI iiit \leOr rtmNletNliii 

ccli. thus cxstcndili-OI:thclimitiiie 0I itIImIL~1I miLieim i It miCedim B% Wo~nt

L'mis il lt!,N trom inti mic. licit p liu I(m I- o: I phmimIlim n n 

timitial iare /\1',( ) I 1 Ohbiiel 1, 011e teP \ill) mm(IimiiluciCImOSSCS euilttted. 1101110 

Nt'uictnttOnl. I1L. prpm)IIin mlplum mIllmmuccl iNi 11le i1t.i"iti \lilt) that 

hatieIi.\Cm.I h.I~c il Iiiitli IllttlitI uimm i II( i\timti euitIIill tecelix Col 

ilic it tnl appili coti i I in1c,pinmlt el 11 m) tiN.,il ,11111t 1c. 

lalits prtdu Ill lighImtINsuc tei llnt i c limimrhil\h lit Ill oftItitaittitts. 

IILtsc mii'lL cit' INC\ "tx 01 I iW111111010iin1le( till be Hint ciisCJ bxOIinrt \i 1lA!i01. 

tltctIc o ml iqinaIcn, oin cUtilmcd cH cl it ttttmim I .>Slimo11)7().
 

( el~sII )I Ntitc tINIIOS Micillts ptmdlicet limnth itIlLi cultiline cilti Ftc01ti\ nltmtin 


Itt ~inm~C ~Iiit inTIl eI.osLciihcu lim oft fliltCmMI SOmlid MCdliat tomtliic e'p\ 
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Culture. (oiiparatike plating, ii .ilther I rtn paleln! \ Iclirt,\ and F, plants IloIll 

th, C etossCe iiC. the heritabilit\ roi,,e' l i,,tfl.irc ben,, toi ,tudv plant prtidiictitn. 

'relhnarv d ataitn purcttIcd in lable I. ltlnts, deri\'ed ht, atnther Cultue ale inl 

lale 2. (Comt1pahisoil ot plants %i pJi.mlrr ti ff ticci,' ill alh+er culture.'I1 

Anithers 

protducin 
callus

Vliciy of I 

Faipci 3(19/1(36 0.8 
Taipci 14.4 

113 0 

Silwah/llIt28 4.1 
Silewahl 4.6 
IR28 0 

.Mingolo/I)66 2.8 
Minl ohi 3.9 
)66 2.6 

Sicwah/ Fa ipci 309 19.6 
Silewah 4.6 
I aipci 309 14.4 

Silewah/Taichung no. 65 4.9 
Silewahi 4.6 
laichung no. 65 1.9 

Silcwali/ll8 0.2 
Silew:il 4.6 
IR8 0 

Silewah/Tainanl no. 5 14.6 
Silewath 4.6 
Tlainan lo. 5 5.6 

"Anthcrs of varietics and Fplated on Cialcffs R-2 medium at the same tinic and 
maintained utnder tile ,ame cuiltural conditions. 

Table 3. F'l'ftct of Iassiig varietics tirough antir culture oil sriIt wiiurunt efficacy 
ill anther culture. 

.\ithers Anthers ,\ini hcrs with 
Varicty plated pru't.ucing callus i1iitipt cattis 

(1 .) ',No. 

,injgolo: 
From seed 471 2 0 0.4 0 
From anther culture 452 11 1 2.4 0.2 

tR9264-324-1: 
From seed 367 1 1 0.3 0.3 

run anthcr culture 407 43 29 10.6 7.1 

Mini(!h " 
Froim ced - - 3.9 - -
FromIr
anther culture 

Platc fio.1 625 51 8.2 24 3.8 
2 424 30 7.1 18 4.2 

w 

platirg of Minu'iOh) durint; ,creeninr.
 

"allatitf the" ihtrs was cirontainiaitel by fungi. Data are Ieans of' mriany 
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iROTOPLAST, CELL, AND TISSUE CULTURE: PROSPECTS 37 

Research should be conducted to develop systems for producing protoplasts that 
will retain their totipotency. Such a system would provide an important tool for 
genetic engineering, Recent success in China with formation of intergencric hybrids 
through conventional crossing techniques suggests that intergeneric hybridization 
through protoplast fusion also is feasible. A technique for isolating intact nuclei 
from rice cells was described by App and Granados (1974). It may be possible to 
develop new germplasm resources by incorporating Otiza nucleic acid, or foreign 
nucleic acid, into protoplasts. The work of Niu et al (1980) suggests that foreign 
nucleic acid incorporated into rice cells will be retained and will actively code for 
foreign protein in the rice plants subsequently produced. 

Use of rice tissue culture for pathology 
Tissue culture research historically has been closely associated with research ol 
host-pathogen interactions and the activities of plant pathologists and plant pathol
ogy departments. The techniques and equipment used for tissue culture research and 
for culturing plant pathogens are similar. The opprtunities for using rice tissue 
culture for p)athology-oriented studies are many and varied. 

Lines produced from conventional crosses olten segregate for disease resistance or 
susceptibility for nany generations. This makes early-generation screening for 
disease resistance of little use in breeding programs. Lines generated through anther 
culture are immediately honmozygous. Resistance characteristia are fixed and no 
further segregation will occur. This will be especially useful in transferring disease 
resistance from plants with undesirable agronomic characteristics to commercial
type varieties. Progeny produced by F, plants from wide anther culture crosses can 
be screened iimediately for disease resistance. Lines having resistance and desirable 
agronomic characteristics can be backcrossed to the commercial parent. Subsequent 
culturing ofanthers froml the Fi should quickly stabilize the progeny and shorten the 
time required to produce a commercial variety with disease resistance. 

Frey et al (1975) suggested that the use of multiline varieties cont.iining near
isoienic iines with different genes for resistance to pathogen race,, would be a 
method for stabilizing resistance to major diseases. The primary difficulty encoun
tered with the multiline concept is the development of lines that are similar agronom
ically, but with different mai or genes for resistance. It is likely that near isogenic-lines 
with different resistance genes can be developed by producing Fi pollen culture from 
double-crosses or topcrosses. 

Ilomozygosity in varieties used to differentiate races of pathogens is a necessary, 
but not always present, condition. For example, control of rice blast by monogenic 
resistance isdependent upon identification of, .i'ricut/ariaorirzaeraces and genes for 
resistance (Crill and Khush 1979). The identification of specific races would be 
facilitated by the development of near-isogonic lines containing monogenes for 
resistance. It could be accomplished by crossing and back-crossing with different 
sources of resistance, then producing homozygous lines from pollen culture. Such 
lines also would be useful in a gene-rotation system for rapidly incorporating genes 
for resistance into commercial varieties. 

In vitro screening fordisease resistance in cultured tissues has been successful with 
certain ho't-pathogcn combinations (Ingram and Robertson 1965, Ingrain 1967, 
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A,Ill Ill lilt?, 'A hl, ll dll, 11''n !;,,Ill 1'.1 licill 1111INC Pli P h til.11" 1111L lilt)"[ 1111ilC ,iol 
.1ni'I'Ll 't 19-- 1!-w, t-11hlilt, ,r!dw, ql 'tical, Pwc, 1.1-1 p(.111citand P S. Hajili'L(IN. 

\ppiwd .1ild 1 .1 111,111! cc[I, 11- 1w ;illd IlItillt'. 1111lil T l \ TIJU. 13C11111

11cidt-11".1 1- V 'll 

till't'h, ) . I ) \1 koct. Old I ill'. hasit. lilvdialliqll lot 

,I,'dl:ICll'1lll;lllwlI ill ljl V Ik.l pt s 'Old Olloq lilt. CA R-S' 11) ; I I ' I 3 

)i I , illd ) ) .111l'i'Ll P) - (I ( olllpk '. tl lllmlwll h\ 2'.1 It Ill Will IlMOlICS 

dill lilt, 'dIll, 111dil, !1, ;1 li: I, Ilcill Hw Ilil", k c, )Illllltl;, .10 (4 9-6 I 

N amida I ) jild . ) mll lda Ill I Indlit Iwil Of I )VA 1\111[111211 ;11111LAIUN 101111,111011 110111 

c II I I Ic III II II I I II I o II IIL,II L't Ik: , IL I I II II 
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ANT) ITS SIGNIFICANCt 

IN DISTANT HYBRIDIZATION 

ANIHER (, II URE OF RICE
 

(IIU[C -( 1111IN(,y(ItlI 


',l W ciltiar, of rice ha\c been1 dcclopcd aild selected b\ anther culture in 
(i n1, ct ;tl1l)71. II 1 ).I,1)irin' the past 10 'cars the Institnte of HotanV has 

Cfnlthi/t.(Ieve rllll!,1itiict onifieluiec folmlcn plants in haploid breeding.tIhe I 

1\ 1)1 [ 1l()\ ()1 IlH i'()1I1 \ ( ', 1 I > 

I'helnlW-m hlwtF ,, l lice JIIl he I '\\11 (dIr illt cils ill'e'1t\ 11o1lln al 1lrlltelC-1l ce 
1 t ll thIt(L.i tI I r l I ,',tm hue t I t . Ictelorintl her(hi ItI ItI I i I 'l ii 1.I lice 

tii, t, i dCd Ill() idti ,: Itilr Oflll )1 C tiitlid IVtiClsici liolll ll i t\ , ,een 

,h 'I,dlt.-lp pLult.
 

;w h 11,hat ct it iltti, ')Il 't tl i h,1 -,t1udhd emtcl ,icly.11 ft ti+ H-i,,I 1 ,\. h-ootil 

IC 'tI p:. t l ,t t Illntt ilhliere l l cl l' pltm ;ri- hi . "+,t iee oi the Icquiicil'n 
i) ICr ed11 r 1. 11 I I Ic I1) p l 11jrert I II I I, i 1ple: n tlurcI C, . orc \I IsIci IrI IttI !Iil~li,t i) ll J,_'t A:t , ' Itqi ,+' 'n , t lt, t,,C n Altcx ,
+tI I p H,, I ho. 1:1M,'oll( i, O W )()h. 

'11! 1h l il lI I h ."+llill Incrr m ll tkk , hllptlI ,iil . lilt 

S i lti i A i II2 ltl thl. 11hd i ioLlct' t Ih lin bi i el eit C;Ite c . ci'ill)
 

Pdi llli. I.ldrnli,,li lrcrllcn,. is Il ciest in AiilLers, Mitil pollen it the late
 
nllnlele slk'e' I hr.r,tit,thtret-, h:lse thcee externll iioiltltcMie el'hai1iIcte.,s:
ic Stt rl+' 

o I In1rllrlt sdth i, 1Iln i', \clh,,islh: id'tit il;tilrc "/(,hintits COI ,till 

l+ is.;1-S0 hItic r thian Iltlu, l.
Ih:' ,,strr.u il. 'tlch ,i..m 

NInIr I ilkt II I rir prier Ict.(tt li r t 'IlmenIts inlthe irmet.liinlml also inlcr'ieas 

the iliicl+'tt il + telle I1pilhin c.'ltli. We¢ toiinrr Iic ;iirthls pluite secnsitive to 
,


rnll lillitlr i',ilts. lI Ltw o li r llnill itll iii(t l iin oneetati't l. pollen calli c 

ill MI dH(11,i \ 1i l, \ CtIInrih. S ) t' I W',.. % (tI ( hl '.inll 




1a:h. ( 01.AiltIIII (11N,, balsk'Iledhirn. 

(o IIpo lc[Iit nug/liter 

(N(;4 SO , 463 
KNO 2,830 
K l, P(),, 400 
N So 711: 185 
(a(I ' 211 0 
,",IrS(),411ii,(0 

166
4.4 

ZnS()4 711,.) 1.5 
!I HO) 1.6' 
Ki 0.8 
lron" 5.57 
G;lyc.iic 2.0 
1hiiatitile I I(1 1.0 
P.ridox itie I ( 0.5 
Niciiiiic ckid 0.5 
situ io , 50,00 

Agar 8,000 
PIl 5.8 

'5 ml , .Altion obtained by dissilvin 5.57 Fe(lS- 711,0 and 7.45 Na2 -

1II)A III I liter distilled water. 

tiot, hut htithcr cotce'ntiations ,,uppresscdit. h lebest results were ohtailed when an 

optimtmt coLIccint0rttin 1 1i inonitir sialts \vis comnbined \\ith nitrate salts in the 

medium. ( )n lc basis of r oftItcsc and otiher experinlents. \wC CNlablishCd N6 as 

ileffCctivCC t n1tCiL I' edllIi titlltitill( Ilaible I)(('f i ct al 1975). 1lie frequency of 

pollen c;illtl, tormln %\;i"hilihcl on calilts ncdii than on Miller's or NIS 
medart~n. In ceJ-leriinlelllts, i itlin pi calls onlire~,, c',.tte, the+~a\ ml'ig tif lien 

+,
Nh(nillt'tint oi. ,n i te ctlits\ st)Inle'' I.,[tI( ixh\trtid-, it us:-intl reaeched 5(17 inl ae 'tin 

ciIu that culttrine anthers (titct il [11 0) ut'( '1 l( enieCpIliC li.uiid NO medi urn 

incrcli 111t: 1n1 utict i ll criclic littlicr. No tietlitnill hit, \vldclv iised fImtd 1 ,till h-cnci 

titilicl 'ull lic of ticc it ( ill +,Ist - c c l \car.t 11111I ihic 
M a ,htlItItd llen c-allus forma1;t\"clCltl',t', 111\' 11th [ lO lTlt'IrC'luillcnucnt", for pon 

;;it e.\ieisis cl'. So li. Cie'ntits it,c , n h l 2 ill 2,4-I) liter is well stlted fort,.i 


p1 teit Cillil, itltict,,;l Atitltl it elitt i,,hutit nccessrs\. I lie c-totihinatiol if 2 mg 

iAphthvl;itIc acid I VA\) liter \,%tilt 2.4-I) ,wis tOietinlc, nlttle elcicint itl lice 
anther cul r ilin ic (I, of1-itir h,,tC icid (l ) atIng 1978).Ilkc ,ti,. 

.\llinlt Oti.tl ircitutic tl i ,tippleitt. \\ilile ct al (1974) 01ittld Itat Vcast 

extract t niettt ihnsil hilph l theincre st plcilltfcti pollfn call. 
+


I lie\ 111;1.% tL' (It. t Itl1l l~t'} ( t )l. C()nlcc l,tdtdL' I t 0 It ill C+oll)h t l o M++'~ ( )pt IlMt1lill 

ftrto;lla iihh ,tl 5<0 -IAINR) IIw llter. 

.,Ac'lm 'm d u +'H ',, l ltlt-,thlittni "t nll iatl k,:tcttor IIIthe+Iin'ca"Ci callus 

\icld I" pciliclttr %%tilt Colt1 cliei t Nitsel and Ntirrccl 1973). \Vaitg et al 
(11)7.1) stesid that pIt cit t of tie rice rMcCne it il( C fur 2 Ias w\ould 

grcitls i-cl t'cse th, ftcrttcicy 01(CII }tii piopowsd a%lorrtliitt. if callu, e.t I7 cold 

prtteiC.letnint il l MItli the iihers vec Ihiated oniliquid NO tediut ti 8'C' for 4 
da's,, thIC t1iAl'tC o ta ulnclitn culttrcd at 310 C. Ih'ey found that coldt lt 

treat.ed litlicr. xtCt:Mc t\%ice isIuich p1tllica'li as- utteated atnthers. 

http:treat.ed


I I HII)i~I/lIi~ ~ ~ ,1, IIihi \Nt F (l)IrAN~ ItIi t Ri t I I It I hMs hIiN h 1 i 9 

Ri 6 \uihitthi hi i I N 4itP h\ 4))i"iit'lPill I\i4) II 

I IIt IasII. 

IIlit IItcuIcI It' II ,o I, tIt aau I. hos t fi I kaid i IStloidICI. ilarig Ct 
I i a n 19i s sli\\ Ihu p iis Ihat IAI IIC I I)IlereI It aii fp lII C a ct pI 

2 3: is \ Ih i co 

',1 , i i hiph t ll 1141p~<I stil(1 illt\11 il. ki I cI(A!1!7uilll CO II\! ( oif ;u-sitl I 

illt'k Iiiiii'\Sili hldillt/'u 5 Illl ill i.t 41 h C IllaICI that (hptlifi I pI t pIil: 

i p11 uc hi ul1~ pha Its N 111l-i c. (M fplit-dil-cd (il11114 

li 4 ithl litk 5aII i tclc il h\ i csr t licW 01ntlni IU IIIcf tiNII ct lfl ilijil II 

siiiitiu i iitcStpttiil t fi il2' kl Icia oil lI' t itiona 10hcnl\ntc , hut 

1.1Ilkhi t Oft:4 k.-I ui t) 11icn 

Ptuuhiiciic ~%fil 0 -,t 4)l)Buliahodald I a lsocan hl(ihiteate usu llidttiiiA1 I iit i 

i~iits c IIIC w[tIa I\ Iwtg i tc ticases Iaproach 

1awlilS s IiII(a 24-I re0ut61 
p~itti)cIIk IIk,I ic iiti ptIat I,, k,i I kictm an 

IfaII-ti hiat1 InIiuitcI,i IIi u IteIt(I( ~Iitl attit1it 

(iellhilo ltlt t 4) , (illtilltitl (Iilk jti l ifcllu c, callus p(lats rcc97S itt] tr. 



W Rh I I I.( I I 1 1*1,1, 1 '1 :\.\N IN(y( ON I I RI N, F 

\1 [illo) Pill I IN, Ill RICI 

\IhIII0 I)IMIth "CL'Ill to IlCil 01111111oll plicilmliclioll Ill pollen plants ol'Gralill[Mccile. 

I Ilk' II-L-kitlClIC', Ol ill)ltlkl 11011k,11 p1mil" 1;l1lied liom to90,('.\\ c loillid no rclanoll

,I I I p hct \Ccl I I lic II-AILIC I Ik' , \ (11 it Ih I I 101, J Ild I I I cd Itill I I it clo I s. WC Ilii,,k: I'm I I it] olilt, I i o 

I; It, it Ip, Ik-liltud lit ;III)II)o I I k.(I I IL. I ic \ 1 11 "t, I11CI I CLI I lClIC %0I I)0 IICH I)lit I I P, _A Iics 

M I10 111,-,Ctl Ill\ j I . I ill c1X: I I I I p Ii.. alhillo poIIci I pli I I I I-, oI I I I k. cl IIt I\ it I I ](.[I( 'I I lit I I L \11 

I /,w ;it c 'thmit ol tlhl C IIIIL- lIIosC ill Ilk' Clllti\ Il 11 illit! ( '111 \0 16 

'11 k, d ht 1111W, ( I I I Idel Mllkt I Cl I It 1. 11 C COI dlllt I I b. SL'O) II(L I I I C Cl I It I I I C I CIIII)C I; it( IIc has 

mi 11111ticlicc. \ II'k, Ill HIL'I Cll',Cs HIL' It Cillwilt..\ oI illhillo" I\\ itill! ct A 

I') 'i, 

\!I h"[101 Ilhllw pollcil p!,II it,, ll lk c ,tlllllll;lll:tl , ILIL",I)l Clid IIIMC t iilll( lilt! illit Ilk-[
 

kc tit, 1)(111111LICI stillid %t.h.% " tich Illu,11 1! c(I t1cm IC ill illbi OCCU I.
 

I)[ ill opl'I"tlik c \ I"t Ill( lic 1c;i I ck-11" ill it lbil ill policil plit Ills ill
 

flo'. 1)[11 llw \ L,;Illll.lt lilt() iwimid hcciw k:of;i lack ol ilho-

IIICII Ctj)ilCll 

;tCHOP A]Ill [Io Iko 11,1\ '. hck-11 shtm 11to (Ill lei 

.,SS itI)d 18S
I ()I i-\,i 111pic. IIlk-

c1ccl Ii1PII( )lk' I, Im[wl [I,,.R."'A (d thc 111R liho,,omc )IAhmo,, N\cic w initil but IS and IOS RNA 
%kCIC ih ,Clll tit 1,11k'("11111 Ct Al 19"0. 1Ilk-dclick-lic%ill plit"Ild IR\A \%,ii" Consistent 
Nt.1111 IIIIdCI Ck* 11011 IIIIL'Io,,k'(1pctIl;It liollhosollic,"Im\c hcClifolilidOw 
111tIN IIt) I)LI'l Id Still L't I I 19 -4 ). 111 l Hit I), )" i )I "[)It Ik.,"pCctc,. Ilic dcl iciclict, oI plastid 
Ik \ \ lilt" bcCil IClIt )IIk'd t() IW ('it IIWLI 11% I % ill IJI it )II ( d I)III!,t Id I )N. \ ( BOCIM' Ct A 
! 1) , I ). I till \ tIill I I I m Ilucl''ttI I ;I k( ) k. I ii,,L,,, t he ,Itmc dcl lcit-nc.%(Sprc 197 1 ). 
I I )NA. Wcdollol yCtkIlow 
\ Iwtlwl Illk. Illipillicd M A Ill ph"'Ild., (11ill lilic1cl, ol Ill hoth. 

\\Illl ill( I Ill P1 I\ HM \\I II)HRIN/ \Ill)\ ill RI( I 

Illl Ilk:I ctilt III(. Ims hccll 11,Cki 101 0 IM L'Iltiollill h\ bl'ldi/iltiOll dild it Is 

ivy'llillilit! it) hc 11"k-d ill i)tllL:l hi-cc(fillp lll(:l liod" I pL:I sollillk I'M Ihat tile appliciltiOll 

A tilt her clilt Ill k:to Il hi I(II/Ill loll lllil he the Ill- Ist promising development ill 

IICk' IIIII)IOcilicill. IlIc thcolclic;iI polclilkil" oI 1111thacillillic illchak.: 

1 . )blitillillL! ',lithlk! I L-1 Ilk' 1111 I m " I! om 11% hri(k. I . Il\ brids of 

I -;I,, h( t%%I)AI Hill ',IQ'i IIItN . I Ile I ill'.(] ,IICCCL-d 11" ','CIICI-iltl'0l1S 
1POIll'"ll, Jild Ildli, I _ 

I, I c l', I k, I I.!( ) I oll"I" . Itill tl [it hcI cull ill C 111ii\ he I I C I I I I S IIC 11 SCgFC 14,1-

I I I . I I it I I L. 11( )! i ci I I Ilit t ( 11L' I) I ( )I IC I I IL's I)t IC 11 1) 1; 111 IS I'Vi l I I I lit 110 11 Icil

illdlk:il It\ hi Ilk tlic IIoIIIo/\ diploid Illkl Illow thall 501 , m c collipletcly 

lei tile. I it 1 icl. Ilic k.,li I\ I la. culti,, At I I ll ilclli_, ,o. I () \\;I kIctcloped hy anthel, 

cultilit, t)l it 11.0 11d. 11 1 , kill moic thim 3113.33 [tit in 
litipch Pimilik.-C. 

2. 11ctcl or\ p m"II l 11"14 \\ hich chroillosollics)km it m. I I t Ilk. itlie[ spi.-Cil Ic Iv\ Ill Ids 111 
C l I) he pal 1%Im I I cd Ill Inclo"I" ;It c IIsL:d I ( )I Ilit her Cult Ill L.,some p )IICII plants 

It11110 k'i 1,()it" I I im."locill lot) LAII k )111( O(ItICC(l. I['tile\' 11T,)st )IIICL, shOLIM Ilk'[11I 
SOPIC HIM L'OHICI L!O(ld '-'!;lilt Pc,,tl rcsistancecim be 
lI;IiI,.Ik:Iwd 11,1111 olic J)Cclu to imotilcl, 

http:L,;Illll.lt


SI(;NIFltl(,NtL. oI:AN'IJIER 'tUi IN IuItIs ANTFI ItYiI IIZATION SI 

0. sariva 0. officiwais 

(12 IIS) (12 110) 

1. An example of i substiftLtion brooiiding 
sheimoe of Oryl sativa and 0. officil/hs. 

Mhiopid hyid 

(121S + 1210) 

1
 
Anther ciltute 

I
 
Haploid wtihstitutions 

mIlS+nlO, n-O 12) 

Chromosomes doubling 

I
 
Diploid 'obstitutions 

(n SI n l tO, in- 0-- 12) 

3. Induction of chromosomc-substitUtion and ChrorttesoneC-additiol lines from 
nIicrospores of intcrspeci,'ic and iItt.rgencric Ihrid,.., hAIhrid of( I .u ("Iivu 

and 0(M.ff'icitilis explains this experimnltal sch.meI. \V'l 0. \(iiva is Io',,cd 
ith 0. ~fica/lh , the I' hvh rid is dih1aphid tI,shinnig 12 ti Iltt 0. .SnIt ' 

Chrottlosomes anld 12 Uniitalcnt 11 during rt'i, ,is".0. tlOi/il(a/ eotno ,,,aae, 
Iec IItse od thC rantdoll d istriblutiion ot'l Ihc omo the micromnmiflent cI ilt eNmc,, 
,poel-s oIthe hyhrid should have diflercnt nilmher., oth iomon . v,'hich can,. ,i 
e fcormulated ;is 1iS n' l() (1) 0-12). 1l:timigh atrli tt(tt11e. heit should 

possible to oltain dilelrcnit chloiiiosoit substitution ]imw,, htt lhe tilicre
,,P rsi ( I g. I). 

Atluer clttre also can he used to imuitme lie chro oslmw-,dditio lines. hIr 
cXiamplc. wvheln a lhidiplhids tiit of igirii 'atefl (). .1l t/'and ( ). ,llitulL, arc 
bhakcriied w.ith 0. siuivo, the reciprocal h1,hrid should 'mlain 12 lialent 0. 
N'al/iand 12 tilivaIcnt (). ol/ici)a/ ehr,\ttuosomes. liese poletn plalits dcricd 
roll theliller,,po r ) f the recilrnal h\ brids ,hould h' lii .,ddiae 0). o/ficiwli. 

And 0. W1/ti1 etlhiotti.lCls (liW. 2). 
Nt',.hClllitd\\eaiel (197 17 )l potc; thIt .1 tIbitiI piilleIplant', wer grcown h 

e.ilttlill,alnltt o .()I(.)() anthet, of / I,' 11 t./cnImos /,ln mtt/ti/li rtim diht

ploid. bitt the coalt I Iot but:d iu tlt1 bue'editlg ,tok because ol'; lac' of 
e'1tl0r0iph1ll. III I\kopolliealIIIIt (Iiuiiploil 1Lbridi/atioiiolP), ', k L'Obaicd IIIa 
li'hitbicem I tsvsilm and ,ttdl/' 0n't/,. hut Ililtt tirol t.cl Ulti. itt1ef. did dist '. ft.\ill()il 
IfdltW . \'CakoL't, 1ht1rL'd th ail tht_'to, 1h;I+Iiti ) f ,p/h,011rttl a/c and M i,,li andl 

obl~ t~iluiuc liv t.", t 'ult i L' NI')IItL+,DIIL',(("hu 197'";)."1111111lr CXlIt..'iullltI..,, he 
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0 sjtivaiO. ffhcithlls 

( 2. Ali example of al ildditio-lille reediilg 
scheme of Orylo satlvii and 0. ofticialls. 

Dihaploid hybrid 

(12 IS It 1210) 

Chromosones douhi ingI 
Amphidiploid/O. sativa 

121IS - 12110) (12 1IS)I 
Backcmoss hybrid 

121IS 1-12 10) 

Anther culture; 

Haploid alien additior lines
 

12 ISnI-n ,n- -12)
0 

Chromosomes doublig 

Diploid alien addition lines
 

(12 IIS n IIO, n 0 12)
 

might be conducted Ioic easily withi rice than with wheat or lriticalc because rice 
has a, hi..1, hOr I'resturc I 1idiction of' pollen plants. Ant hcr clfiure ot"distant 
hybrids in the ecollis )r" \,ill C ruitf'ul and useful in hitullp oba,--(/ c\ togencic 
iescllch aind ini o\ lAIlriceimpro\Cinet. 

RIItIRN(I ('1I1) 

lkocnc . I h.. It. Kirrrlt. I I Its-rrann. rdRI I II -cma.n 1972. StluR11tC Mid 1itdiiltll01 IhtC Ocolic 
I lltM 0HIint V Ihr a th 'c o i ,t l;I IA tll tilc Ii;Iids (11 111C llitIII1 plI;,lhnS. ihirr, rhiSt~oti 
M IS. '1 kVrt I I'e l II lrrlj L.l/IL. I Ir.in\ 1 rl ( nctr!2:3-1 I. 

YY_hel.. ,r I. I 1 It') " rs l r ain;r /Iitri Iu 1p i lle l- cd h1;r l p];rlr' licel)I Ip wi d cii lnI t ill irlddrtlll 

vlht 19 r r cL l A',\1111)rrr111li , ,' ,111t.S C I, _ . t A'kitrl .:c , b - 7m P wl d lll i (r,,lrllll 111C P iVs. 
( ' 11.(C U " I ' s I Ir \ ,. rrresircn d lI,r;rl i l , rsI,trIll C L ;ill g S -l -(i r' ,A rCil 'r ir;Il li 0 11 I ).. I' , il, 

P'r sliC.. in O l .\. IIl111 1i11 Jlirr t S i ll ' i) I111r l ,,ic ilillLs' r 's N,I'sk ii g. 



SIGNIFICANCE OF ANTI IER (:ULTURE IN DISTAN'' IIT 53YRIDIZATION 

(h"', (',,C, C.Wit '9,C, S. Sin, IIsu, K, C. Yin, aid . , ChI. 197.. I stablishntn ofain etficientmedium (or an ter culture of rice tItrough conipairative experilentits oil the nitrogen sources. Sci. 
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Chi, ('', (C. C.Wanga lni (C,S.Sun, 1976. I vevlopmenI of the poll lien hryo of ricet tildwhleat on theineditliii devoid of lilrtuones. Actm iot. Sill, 18:239-246,.I sit, i. It, i97S. Morpilogy ard Icrlility of pollen plants from hybrid rice (japonica/indica). Pages277-278 in Proceedings of sylpositin oilnanther culttre. Science Press, Ieijing.Ilu1, C. S. C. Iluang, C. P1.IIo, II. C. I.iang, C. C Chuang, and IL,P. Pleng, 1978. Oin the inductiveconditio iofrice pollcln pla ntlets inaalt hercenlture, Pages 87-95 InPricetdings ofsymlosiunm on 
plint lissue cUItlte. Science IP'ress, IBeijing.1Iln.ri, 11,I.M. II. Ial,perltrfrianrrc, P'.S. (lhen, 1978. Seletion and breceding ofOu-Ilwa No. I and No. 2.rnd its'ages 248-249 in+I'roeced inrgs ofsvniipnsinr on atither culture, Sciettee Press, Iiejintg,

Il IHl, 1978. Advances in anther culture investigations in China. Pages 3-10 in Proceedings of
syriposil illnhlilnt tissue cult itt. Science Press, Peking.hang, II. M. 1978. ]Th il\ivic olsi ,ies oi Illeditni fir ;alther cultiure of*rice innChint. I'ages57-64 inProceedings it'sympositui onl plat tissue cllturer. ScienceI Press, Peking.
Nitische, C., and IB.Norreel, 1973. lfl'ect dun choe therrque stlr I.e potivoir enhrvoger 
 ciii pollen deIA)nnn'a innxoia crilti\e dairs I'althere ntl isoe tIc I'arthere. C. R. \ad. Sci. 27N)1):303-3016.Nit ,sche, W.. and G. Wen/el. 1977. I aploids illpant breerding. Actvances ill plant breeding, 13eith. Z. 
lrll/ellrn/tIcll. 8. 

-.......
Spriy. I. 1971. Ribusomal RNA ard 'Ihylakoid membra nes in plastids ofchlornphlvlI-deficient nular .sof barley. Z. l'llailr'eriph\siol. 67:223-243.
Siun, C. S.. C. C Wang, aind C. C. ('liil. I974. The ilt rast IUlire o ilasids ill the albino pollein-platits of

rice. Sci. Sill. 17:793.802.
Still, C. S., C. C. Wit, C. C. WIllg. ard C. C. Clu. 1979. tihe delicietey of soluhlte proteins and plastidiibosorrie RNA in tile albino illen plantlets of rice. liteor. AppI. Gienet. 55:193-197.Warg, C. C., C. C. ('rirl and C. S, Suit. 1974. On the conditions frr the induction olrice iollen plintlets

and certain factors allercting the fretquency o1 induction. Acta Bot. Sinr. 16:43-54.Wang. C. C., S5.Surn. and C. C. ('ill. 1977, Iffects olculturc factors in vitro tnilre production ofalbirio pollcn-pla tits of rice.,\cta hot Sill. 19:1 t)O-1)9.Yin. K. C., C. IIsu, C. Y. Chu. F. Y. Pi. S. V.Wang. T. Y. Iho, (7. C. Chir, C. C. Wang, aind C. S. Still.1976. A stuy ilttI tenwci Ilivarof'rice raised by hapi id breeding letiol. Sci. Sill. 19(21:227-242. 



APPLICATION OF ANTHER
 
CULTUt E -
TCIHNTQUES

TO RICE BREEDING 
/I \NG. 'I I1.-N-I I W'A 

Ihc profdlition of ncw ctrltivars 1* hapiiid hreeding through anther culturc cun 
edincc bhredc(inre time, raise the fficiernc of selection, and save space arnd labor in 

CxpcrirIcItrL. lticlk (Nii/cki and ( )oIIo IN6: (C tI'Iictict ai 1974: (hinIs)C ,AcadCmV 
of .ciences. litlt Ik,c;rch Instilulc j )73. Khmnghlai .\c;Idcr titvof:\ ric,nlttilL, 
h1tstiittoof ( tp (uh ti\arilt. Rc ,eirch (it t Rice. 1)7(). 

ittt clccr'itt1,l t trLatc'ia.l', l ti, ttnpli ,cetdlingrs irLt.u jotpr ,blcr is. 
\t pictci,sIlt ss i,1111illt ll:
 

Staild r(:d.Ittlul (dI lh l hr:cfdinew., tel,:ttIm plcs h\ esturlablishing a simplilied
lIN cc'st" , littit 21bc Ilfilitri pliitlS.hthi~tl,niinnri, I~l!, tif 

* "clct itt il : -litlI tt't'1lf laIuic Illaterials (parents) that at1"casy to cillirte, 

stttd. , I hcuditar\' "';liatiltl tf chmrirctcrs illpollet-plan t offspring. 

I\1t (II()\ ()II 1rt JUI I P .\MSI ()R ttRFtI I ( 

'rodnut itlarge nrumhbr, ()I olelli-plaiit lines pro\ idts a foundation for obtain
iM,flool; ncrs. Inrro\ tiion and inip>t Inllnet arc necied tomakc the techilique 
applical ICto crop breed i 1)e. [hC hCeditary cha raclCrs of . r'ents n1ol1i be taken 
into acoetint. At the Shanghai .cadcerii ()IAgricultural Scillt e, artirclsare mairy
taken fnitr itler vii:I,.'(tAi\brids 1ofKen (japonica) rice ald iIlcrsubspecifcf hybrids 
from Kcnt and Ili,,t (irdicij. 

,[ 111"I c cd'; hin i of Ih\,I'hphi11%lOlIRc~clll, mi( 1,S 111P;I1A;.jllY O 



lz.'oinse, of different genotlN pic rt'prlh'- ItogroN h horon'es 

Illlctro,iilcdiulll \tCu' !,u pl(uiI 0 ctl \\lt th I---III \ .\.. 2.1-I) ,Its uit;tbl) rant 
W INNAll(ittu k-.ill	c \ clc ;11),1(...\ olk ()titld,,u t t~ttc"c \t,11. 1tc +lC lt . cclt 

,
tlt It ti ll ;u l\ e ic t! Ilit'. dCtl1 1'tncl \'s tItIr'ilcll t v .alL )attll' V t C" 

11111 ' i c ~ .1)(1tI llm i 'i"t+,TaIItI l~f1I. "Mt's p~l'NClAtAl~ttq t . using c iuln. 

l e f ill u Jplnt"i lf~ail'o a i n h a l 1'll polle 'll _'ic 

ILCa L )II[I 1t ,. tuII .H I 	 ...\ttm I (Ik' tllnIl tk.11ltt ' IM IIMl I~ ' . .....t"....... 
a mm 
iilhku ctnct+nIa bl 2). 

(l, . Nt). ,
NItucrj3",l 


MlictIc .i 
,it(l I IIc N.\ 2 OltI lcl 77. 1318 5(1 3.6 

Ntrl' It 6l(i/7623 I 	 2 4-I) 2 Iu'Mltcr 13 I 191 

Mci Z0tt Nki i I l 	 2.4-I) 2 ll 72 1I I 38 2.5 

162(1 11.8 

NAA 2 l,,/litr (l 819 42 5.1 

NA nw /6 	 73 15.6lm/liter 485 
(;tlan!. D 7'8I 2 IM/Iiter S1 1385 13.1It-M 2.-1) 182 


Ntunlhe NAA 48 687
1/tl/C 2 IlIL/littr 	 57 8.3 
N:1 I131. N.... 4 t/ r itc/5I 723 69 9.5 

3(1M2 6-4 I N1.\ 2 mnwlitIl 55 271 38 18.8'.\ 

NA\A 4 m!/lilr 5 188 38 35.2 

lt' 7623 55 585 22 3.8No /ht! // it 2.1-I) 2 tIml/litcr 


6 2.,4
;ti/..\i 55I', N:\. 2 tw/Iler 55 232 
.\nn1t. 2, - ile/liter 6(1 1331 	 5.7+ llrh' Ili2 89 
NiI'iNti,6 I' NAA .1 m/litcr 4) 313 48 15.4 

3t13(;tti 	 lit 2) [, 2.--I) 2 n,/litcr 711 172 76 6.2 
NAA 2 me/liter 681 199 1 0.4 

,'inc.+lilter : ( N'Lt-lir)t-e ttlItllr+;ttiI'l, 4 riOg/liter 3';saltihrosce tnnltraltiii. 

e netit i jriitot wtr r W2 2lifl2ett 3.8iCes. 

AGiIhcr 5 (1,NlA Ind55tit26. 

IyH+,vt1 ,'tr 2ititer 

'llhd2. Thltr calls wut 

1 	 llitretI-tletl .- d r. 

li-,tilleI wul4etr-teI Illub o 	 96W) 31 3.2 

415 4.3
l)t-,tillctI w:tter 1(155 55 5.8Well water 	 946 

,1.1
Ilaivcr V,:u,er 	 553 22 3.4]Ntr' Witt' 	 2096 71 
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liCtclict'1 \tulc'lmidt %c'll ' 'li11 t'\illll_'tlin' co itlilie'<l, I iH%-i Lc%,; lmlal
 

Ilolcl'itn (h1,' \utihc'Lli. I Ilkt' ttle
l l ,l ii' ,.%%CIC'If( \%Mt,t Ohmitl 1 c-li ll \ pi I 

Sth'ii lll Icit i Iit t li ,, i Iiit\ ll'd - i ,IIIlit ii I il ,l i \t ,i it.t--\ , i I . Itl I 


lii t.'i i i liIII I i . , ,h' 'Lt*tt Ihc c' t tllc,
tpwL icCiIh lit!did li l il\. illt ocMii lor 

\ 1i l I Mit)1'<!:M 0 " i111c-,c .\l i 1 11,. mtillllc ,111 

'liii tlt ,' dl' [ll
lll _llll.
 

' I cl lt[ I I. Ic, f.r'anii , (ii II ' l I Id 1 wmlio , fill.rIl' rlladll 


S iMi .t t prii iI t ,t, i.
,c otill ;111(t 1 

C ti,,tit.
 
I I%"h lil li i C J L i ,i I ' I Ii , I'l 1I t'l. , I'11) \c Ii c'iic 1 : c'l ll l I 

i,.IltIh,,itNI!lli l d' i i!0 . l llli-!it' fI "S 0 )[1ih1711hil[ ,t'1'l*0\\ cl'C]g'1,1.V 1- 1111. 

,
Ii hi li i'li tll{.lil I lCttiitt/ilc'c!~ ~ ' ~ ~ ~, 'c~ttltb~iIll~ Ictl ~~~'IttI:'itI'~l','lliill'llittI''l I'iii1.. 

111I1'l1111, IH, Ai oll ph . lcatll llilhvi III 

11/11 ~~~~\ I'tw~\, llti_,~~ ~,iI~11;~ 1 ~ ~ ~li h til I~I1) Ilt\ti,I,'.t(il."I'i'I . 

IH id I !T:111llhe~cl p( )1lc'il iai 1 JIMLIFrC'C 
<
iIIt-c I i~tilimic 'lIl'L c'hi hl C.' ld h! I~C'lc JIiltdC'\d lil;I11C illOW ',C'COIltd 

I I!I I ' iIf P'(ifI I \ -IN \\ I ( dII -,'lT \ \ I \111 I I 1 1t1I1.1 If\P.V( II 14lkM, .- U 

.,itlpl I \\Idh rckhlm ec('~ lll ! G I';i 

-!t\i ,illdli1il11 I", i c'l ,c cl III M 11iii'(,n1tl I W.C' hr-C'C'liig 

\Vhtlh1<'!11Lt rl.l~ IC-lldc~iiliitI,~irill 11I'lli;till,iIIlc0 

irillit.\ i lI lIJO h i Jtilt' . 

\l~Ih lll 1 ) olll - p l lltllll ,p ill o i c ' ll 0 h.\ .,,k h ,C.\ cd . 'l .1 c il r il ili 11l 111a~ hl0 h~l % IL o' l 

)P!%l 1 Ichll "it l ,,.- l 11, . 1~ li " 11 Il l i\' I i II Ilc IIw \ 

Pi'dleii-pLintli ,Nenii I knI 'hNt lrids,(4fl',rilng fromi 

I,,I In t h\ 1; Id .tii ,Il i , 1f'-ll-IlI% , lilw w k 1,'tl -'cTd It loc IC IIc'I'L ,ctd , Ih[1 111'11IL'l htIII 

wit,,I a II 11111 1. I, Ic".,II IctI, II,I Ic-I"~IL'.IIlIC '.' .IIt t IAI ll; it I 1 L''tllc\ i' l itl p) 


l~it If1Ii tI ;1 11!1t , lI~IIt ti"l;tlitIt%I I d 11\ih ll-,'lc ' I[~icll!I I11Ill", ,t_
I'cL l'~.!~hIC';lI 

III'l I ",t,AIL'11hilt11l I~;I1 lh-] I (.1~t 11tIt I~( ,I11 1 1/L'.
I ",L'k IkI ' ILt ', AIlC 'ti.,\ N I 

Iith1)( llt'I1p itliit,.',0111C' 0I II,l i lilIi\t lI ith!CC' II ,I ,Al1 ~c(tIl 'I11W i I llI AI ' 


C)\M1C~li\~ 1ll!h1 dIit H tJ W hbi ILI' Ll'lIi t IC', C '[I ILl'. t iW Ill lhc'l 
' . ' I 'I , ,ilt ,Cill) 
<


h1vtI ', ; fL.It I la llIt . 1 lik!<,,(if 11 ~ i1 lik~ ,Ct',C'c11tI" ll~i IL: t I I cul III p (d IL.I11)]l~lit'. k I Ill<h[] . 

I' l I I I I i f I Il I K c'lI I , I~ -I L ,, ll,i t ' ll 'ti't'Ilt d i II c i Iit,c l11Illll l,'l, itrit 

it(If MArI , ",',Cc . I he ' iI'l lli,'I (t'.%.I\,l t{',rr i 1Ill I c 11.cllcd 1r'€l.11 Il r11 a hb 

(f pllclol-lantll :lid slalililt
\i'ihilil\ (ffslriin N (lI'hmrite.rs 

"'Ill ILT'_;I~lt hl lt CHll,ll, IC' c I,' 

'litlS At,ltl' \lt'id lIll\ I'r \fh \i. I'llli rd 

IlrldlI11 I1 IhL'% hL' 'd ,1', M h BIit \M,h ilt' 1h;ii;i1'l.'I 

", ,Alt , rlild W M tLc'LIL',t.,L't ]\ il hillt-1 

I'LAWl1,,11 At' Io l~lp~it 1 ", clclll h\h llk It-d(1111li I)0 1\ 'lII~Li' I - ll( ( Itll..H 'Il 
<
jI' I tIW li\CiI l .ili ) ,iof <lcl'i;ik 1h',l 'II,d O, Wi1 Ixt p ItI l,, ii ii i Khll 
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Table 3. Analysisof some characters of p'lilen-planl offspring from an intermediae
type I Isien/Keng cross. 

Plant lit Far Icnthii 
Experimental materialS C. V. C. V. 

. ... . . . . ...... . . . . 

Slanig lon I /labcrate// 94.5 + 4.23 1.5 22.1 + 1.61 7.4 
Qian Clion, Lang./Nong 
Ken 58 L., 

Zhon Yin 15/lsien 762 F, 79.5 + 3.87 4.9 21.8 + 1.73 7.9 

Ai N:n Zao 1/None Ken 58// 58.8 + 6.28 11.3 21.6 + 1.50 6.9 
( alg Tion Lcn Sui I, 

Jia Nong 485/.abicratc// 91.1 + .1.22 4.6 17.0 + 1.18 6.9 
TaLiNan 13 1., 

,= sccontd-,eneration hybrid. 

IIllotio ilk idual plants of the Sae gecncrattion aild ofldiflcrcnt generations (Table 

4). 1licii \ iahility rcnmiincd thc saitn1c. ( )nCe piollcn plants weeC obtained, rilost 

bccattic stale Iinc'S. Ilic cocllicicIt oIl iincc d ii \ ith fhe iilcrCasC of01 Hit incrCasC 

glcncratlitlls. Ihc tlith veiliii l tl o i ipollen plliti plaimitcd il the fichld (lill t show 

artyV i-,rgic itit ll I ii .lant IPri)\incc. Iili NiIt I,,liid. or tiII ,.\cidcnv. The 

codflicicit of maialCC ol platll hciidht is hcli\ . 

In h\ brlli/ation hrccding. tanllICiOlarac'tcrs t the hti tids is Oltcn iicrtruptcd 

by dominancc mid s Iii tLT.Ic.ts( from I.r s (i progrcssivciy 

hybrid offl',pint.\\ ich Iose th it I oodl(IlaIlitic,, oiltell because of a lose of Ictcrosis , 

antI al ccrcisc ill \lit ilit.\. ,,ciLct in ls intcltiplcd. But lIablc 4 sli\ s ltha .llong 

the tucc: ss, Lc cratill Ilcrc \%,Ic iio claracters in which the %iahilit\ if pitlein 

plnts ob iouIv decCIased SUCCC,,i\planItts could be ,clCCtcd and cV\.li-

Micd durin e ca lv gecnrations as a basis for rcducing brecditn ycars to spccd a 

hreeding r, a m. 

I IR\l RI II )IN(G 'I IIV.1(11()I 1ANI RI I\ iIll RI I ( ii P (( RIl S 

Procedure for rice hapnloid breeding by anther culture 
Ihc(ling proccditcs to ensurc that \arotsll tcatitcs of ht .C.ill arc cattiled out 
dcpentd onthc' hereditary nuatins olbiccdii7 ntatcriall,,lcpeire.nio 

int IM uc Hut haploid biceding, 

pltlit , uidtIl irlt oll'pig pl'! stlhlc and untillinl chtaractcrs. Scctil hundrcd, 

C\cii sc\ ci al 0lhot,,uld. sccds can bc ohtaincd iti thc first-c ntcration pollcn plant. Itn 

thc ,tcc0Ind .c'nciaition. lilc\ Can c pll tcd in i pht for oOpa ri-,Oni ald cvaiatioll. 

I Il ttC\, \aiictv lnt\toll aLI the ,ntais 70057 inl 771001 \.ctc oiintcd llot i 

luapoud htCcdittu c.\petincnt hcgUll it972 1 Iahic 5i). [lie cxpcriment suggcstcd 

that tlc proccss ol hlapliid hrccding could hc di idcd into tilrtcL stae.c': 

. picpiatilltt ito titnaitrals, aid culturC f pollen platits. 

crissbrecdit 1o%, uscd rtc(utit-cs i isrics. ill pollen 

2. C\alitiotn and solciCion of pollcll-piauit offspring, aind 

3. coillpi isoil of ,,arieicn . 

http:tLT.Ic.ts


Table 4. Some characters of pollen-plant offspringLtfrom Ken GuiiKe Qin 3. 

Mx+erial sowin date 
Plant ht 

C.V. 
C) 

Far length 
C.V. 
c;) 

Flaga leaf 
c.V. 
(': ) 

Effective 
ears 

(no/hole) 

1000-grain 
w t 
(g) 

Pollen plant 23 June 1973 81.3 + 3.01 3.68 15. 1  1.16 7.6S 16.8 + 2.36 14.0 
econd ieneralion 

Second generation 
Th1fird generation 
lourth generation 
lifth generation 
Fifth gencration 

25 June 1974 
25 June 1974 
25 June 1974 
25 June 1974 
25 June 1974 

84.7 + 3.5 
84.7 + 2.24 
84.3 + 3.1 r 

82.0 + 2.96 
99.9 + 4.57 

4.13 
2.73 
3.75 
3.62 
4.57 

13.8 + 0.74 
13.6 + 0.57 
14.1 + 0.74 
14.2 + 0.65 
15.3 + 1.14 

5.36 
4.19 
5.25 
4.58 
7.45 

13.7 + 2.35 
14.8 + 2.38 
15.5 + 2.71 
15.6 + 2.45 
21.0 + 4.64 

17.15 
16.08 
17.48 
15.71 
22.1 

6.9 
7.2 
6.9 
6.8 
6.2 

27.0 
27.2 
28.0 
27.0 
27.0 

(in field) 
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Table 5. Ilaplid breeding of Xin Xion. 

Year xperitent 

1972 Hybridization Ken (;ui (Nong Ken 58/Gui lua Iluang//Ke Qin 3) 
1972 F, pollen plant obtained from anther culture 
1973 Ivaluatiot ol second .wneralion of ollen-plant 302 
1974 Evaluation of production aod comparison 1ovarieties 
1975 Field trial at several sites 
1976 Demonstration plots 
1977 Demonstrationl plots and disseminatiot of seed 

Ken Gui Ke Oin 3 

I 1. Selectonand in-
Anther culture provementof strains 

II 77001 and 76057. 

Line 302 Oian Chong Lang 

Anther cultureI 
Strain 77001 

Jia Nong 485 Labeate
 

(Ken) (Hsien)
 

Tai Nan 1F1 

F 1 

Anther culture 

Ke c1669 Line 175Li i 

Anther culture 

Strain 76057 

Rehybridization and anther culture application in multiple crosses 

A multiple cross is effective in comhining many good parental characters. But the 
characters of offkpring take a long time to become stable and it isdifftcu lt to select at 
early genierat ions. Because the gametes (pollen and emhrvo sac cell) are hcterozy
gotts. a great tmmnv genotypcs appear different from phenotypes, which were inter

rupted bv dor"ilance, recessve nes,;, and hetcrosis, adding much blindness to the 
selection. 
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Ahe pollcn planIts produced through anth Cult UI techniques were holO/VgOliS,I, 


wilh no diflteieucc betwecen IeCnotvypc and phenotype. When only the desirable 
plIt>tnd liies \>,CIC "wC>ctd. '> IltlAcl, roll hyhidsa't, IllmdC, AI]d polleti 

.trtitiae. - til iultII e tiu, o'CO IC lltd elt'fI'CIICC OfctiCof i \mulithe el 

[t I thl t1 Cre year', linhination ofCr ,'>N,,hut lettLit'[iC I edLe.Cd he lltllill'0 diHit I\ecot:O 

C.tlt teL.SonlIc c thlrice 

",ttattt', plateId a',poptila( - I)nonstiItolig. I). 
h\ b d eha( ;'.'ee1 r lU '-utncIII Itpiltc t.I',sc, and ait h rtlthr 

ObtauIcd aIC beiIt dL tattot I 

tt ftRt Ni >,( IliI) 

11
 
(hel 'ilctl IA i)'.I. iiul1cti1n c t,'tl t 1111c 1ctlrttt [ 1l-nptMnts illrice. Sci.nuc1t'i .up cc 

Sill. I , i>l 
('hIAcCc .\cAdic IScic1te,,, Plant Rc I11t1iltC. P)-' hu,,k t tItld ndtitg.u tCMCih CIlcctu h04 I fui 
N HIcL.NLI .and K ( I t.I9(,.1o hn U 14Mu,.:)m0 l d IWe 111pA t)11ant11.'c, littic..1pl.,cad.HtSit culltile, 


S h ith i I itti l tol R"c 1iilt.(irutip li RicC. ]hc 
I cctleinii ,,I tcKcn tiIfc t, i Ot.'t-twaiitt Ka fng) Sin .Siu \C" lI t. 1813):245-249. 

.\e'atiClcI AL'rlt'uiluh. 'lop (ulti\;it01. 1970. 
.A S:1. 



THE DEVELOPMENT
 
OF ANTHER CULTURE
 

AS A SYSTEM FOR
 
IN VITRO MLTTANT SELECTION
 

'SR. S. (IIA\I I itd A. 01 R/ 

II tnsiNe e'll0ort iii recent yea Is IM~ CCo 11-1d rl-11I Icased theISpeetrt111 of1 plat 

'pecies fo. which totipotenit cell clturel ,v'steuls have beCIenstuhlslted. This rapidly 

expanld mylahfliv to ICULnerite Ic11Ic ph utw. lom culitittncd MISell t rodtices fleW\ 

pl)N'"Iblilic\ hiti 2fllClic, emc~lc~t) th tl-icli phlnt. I Iuwclr. these iiad
\ic llil\c not h)CI l caliicd \k thl il\ unlportant Clop spCcie.s. \\i cl\ r~aliled 

11r 'lcl o\ ol clop spcemes, bi. the appl wat lolC~ctal Im h up ICenti 	 ol'cell 

I II\;ISL ~itI antInci 11tcpitileC0 th 1IdCVCIop~ineMaItIIdltiuc RVII\d IaiC kor' 


eltete M11tt~ill, Npec
tint ~ di' io cOe~icl imI/ki and (Milo 1968. 1971: 
\i.,I i I u NIvI, k 9 mliii RajtI ec 11\li i tm I1() her nmIj 972: (i 11;-N I Ik IIl I9Q3: \Vannlicet 

197.4t. 1 111" CCI 1iLiiji. Sconitamnied iittnfl~ttliic arlitI 	 ie l lii~siu \\ thinl s are 
11itccV it) tllIn v lh if (1111i\ ih jA illml 11 ic I ICIltel. .Ai1ilj111ittiI it mt(xanitage 

CIlIi	a I hmpltijil 
ihialtaitcI (dt usim, rice antlnens a,;s cllsta mice otCIIi genectic stuldies is that 

I.\piceall\ c llui pnilntccd h.\ ILcxxci than h ithcis,cultured (Mi/ckki and10' 1ulill( 
)ontu IL)(tN. Il I ]\(-I aintla 19-": \antet al 11)7-1: ( )uino 1975). I-icclucnicies of 

111 	 Pi I 'ii Vt 'AI / I ~s lu.11Issi. ISIduru P'11 dc Vutmw 	 I)u'I)u'. ij iuuisuu 

~ ~~ Iu 6 I Ils.iit -II tuI ~ I 1 ( '1.i 1 (.if) ttslsutIi uttii I<,iuIwi,t.11\c tis. u. 

.Ill] 1ss ii ( pi It 11'1111 li l ititIii,iiit5 l iii) tl.1 u1i.;, 11i mcuisuisut 1it c dsu(Si ale~s's 

h\l 	 1t (-l s il 'III %I ll 111Iii'!I l )1~5tI,l k 
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I 1oll hiIh ' Il( II \ L ( 'hlIc.ll Ol"lo .I; .. It 01 , h1\1._1 t LLI\ ttL'Ipoltcd I IN I II [(IlI'e C1t 

il 19. 5C. hlll t ct illI -5. l ;IllllIII I I Q"o. ( 'ilw, I l li Q"))C Ilic",,:( .'n1 cICIt l I .

ILfLM , I.IC.HIlhC1tt[h I I,, l ' ,IIIAI - ,1 tIIIL,, 

ililt L C ItiL ciltIt ll I thlI IS III\ ( 11 11'IlIC tol\IO I lit1_l I'll IfIl tl [I 1h f 

iI ll ( ){li}C O It I ( plop Iit k,I t 1,111t. IIC h I llt' Ilpl ;mLI lC iL ll'- %I 11 l l 

I.'llhillot.\Iii lui I il;l [ il.i I{'CI-N XIIilkn I I L at , Cl). v II ;)I I t-I . ()111 

ICul(OilICI I)I\ Itllitlhi0C i c I( lllP)hill 1\lIclh. 

o u ith' ll INJI ii llk t ' i'. 11W,11 ll ltJI I tillllLI tI N ii C I CNincl I lt',, ll I 1OL llCI I'l Pcll,. 
l .l,ill11t' 1M I I im tq II 'n ig NUlNetI Xl .) l XX k Ill 'd tC I .tIc I [ I ll ",of 

IIIfI IN i.nIIL' ItCI l .I illl t(lt.,iIIW I ' ICii1 l i}lAM][ i liC\ i lCC I 1(RIt 1li 0 111 c 

lItl II t. % tIIu\I lllIn L no h ',Io InNlIt ' :rhip., rhCI)l. 'll,n .IIII !(, l 1epA Irl 

m.I ccII m I' h% IIw It CLI .'!N iI hIi1 tc¢. tll'lhLI (0],1Ii-Cil 'I;t I II l.'L' ,I CI ' \CIII ,.':ill llI.; l. h .dIHS 

Il 7CI'11L I IIL ,il t ) ,It L k1l l d I ill tI ll fil1tIll ,c l t.,' I IXc L I I IttI il 

Is I I()\u 11)111 1;11 11175 1;e aI r n,\ i I11)tII IIC1I11IIiC C Ci. I lX 11rtll ItIIIII \tt II . 
I.}It.I p h }It" Ita ( r 1hi t II,r tll {}ttI IC rIR IINltll 

l it Ir th" LIILIIII P IL'1 1111N I I I 1.III 1ICI'tIIS'1 CC,}..C It,,ltILtIIIiIN11,LV 
'i)}lct )NI; tt pIIIIt1 II I LCg ItIII h ()I l ill

it , llC IIIhuIC~,.h~C( 11 t' )t);lJ .'C ,'CdtIC dllNI .,td'\.t ll+loIt I I 1L I IItI 1t I ,IId IItl i C i 

I C II I~ Ipl1 Aclantd,iI}}nIth l ll', )li CIIL'IIh L't Ile(~ s} 1'. nru. t ci r Ih111icaNrl iel\ 

p ting it'IlCri tllCC~i reII n.11,,, " If pu t.01' nlR~n d.tlt Ildit hect \14CTIutth,ltR 1 ht1 tI{ 

It Z11) ITVd t IIICC11 I t l II I l I II.-II CI .I0 1CC (I % %kIhI, h ,.I,..' II iI II{. rtahClIC;q I. t L'O ll+i 

C11ItIIC I I I I ILII IIX'I )II k ,I I III 17 II1\.L I I ,c (11 Il 11111 II,, "fdII I I I; II%XI IIII l l tr-iu,.cilli Capale ofI -IltTing phlott.iattttotlophic' plktIl'. hil~c I',,.ll I .lt)htail],.d it. 

repr<odhcibly high l Itici.n_\.
 

\1.\1 I RI.X\1-, \\I) \11 IIW )I)'-

Plant malterial 

lRCN(.% u 1 'Itq 1 R 1). it Ill d I aIIit IIled ill ,!-9, '(I1(1 l II I1 P'lants NkC I"ul o\Uk u m 
ICI ti\uc dI\. )I\ Ic [ Iper l e. CIV -30 { and Wilicpratufires ulit I~a s%k 28 iIghIt Ii 

2{'..\ te l-\,,hitc. , t{tIn_,td .,.'tt1 },I~t pixtil oI* co Illo rec{'ilt {8, ) 

phol tonl .\Ilof[ No'.-pr.\ided t: phto".\ illtli,.tic' litx, dens. ' 350}/1 I-I~inh put squtalt. 

",}i strlLuctil< ilg:l ,ulppurtCd ill ;I lli\t tt,L.' 
itnd \c{_ti _icilitc Idil.k %,hh h 'tilI ICSOIu th I CIAl ( 19.72). 

IYIl.ra tt' 3- <}u d \. I];LI'ltN, oI peatl 

\kClC HiraIC(.l ttIII YtO,,III& 

tt-,,n') II inIur CIlltP.. t \v,..ir .\\iICI ,111itt,._ 
', \\urc hpr,.':+t,:{ tile h[i{}"t+ll vI',
l'111u1CI p l_'U.lC ho m+ll liI lI"hcath \\ the 

I',at. ()Ifile lHlI2 3-5 CII OWh l+, 01} l,.i'IIll\\kt, ;iIh0\,C+ ' thIju t~iII ttII ICA .C OMh. 
tll tntLtlt \\ds Il+, I:,MtI,.u n it:,",I),,l lCu+IC.ltl rCItI t.'rlin~uArl11uhc< L' Ill CIth\ h i 
iit {. I'hull p iul )\ .'lI11011 'I+,t,th ,, m'11L t i,,,,%\C {.I,.til.' tile ]ill CC- l /d i,. 
,o tI~tI + -;+[),7, %Illl,,uh I I tP I.I', d(Id(.'\l 'tI ittltl o ,..'iCIt,,) ,it' I ( P "Od lit t u lilte. th)I( 



l,,hC fl ,.I d Itet ltlI dl, I nI l \k 1i1 ti'tit ti',llc\ ,utt tltxdi\ Iflu alstcl ti, , Crid ti ICh 
I~~ ~ % 1111 1, 1 1ti- ] V Ateitta , IN\e. I tlte N IN i~ 11x R~ItII l kI \llIt'&IT Ili xthC J)I'I Uk;I Il i '.cl cd. 

t i . ilu tIlli tspl IIh I I I )..! t I ttIli I id- Io itc- ti Ieate II I ,.;I' L (t 

p,, 1t ,It) I CIhN I etI 11101'1 1 

et dr tIll .,li t it tt t rliltt ,I t CitI.3 litIIi . \iCI h dt' c\ Ch ll iIf_-, lI x Ith 

!liti I Of u cligIpII , I pIli nIMICclt anltofd t ;ittti< ilnkpi %, i leth 

d I I Itt i I c\ I Ill Cd (y i r i s )10 Ihat n,, 

t tt n i lht i ifle tc. 
(t',t n 'i rl\ l Ci lIuni"te lell-, \i l hii aLmselti, ilde.' t 112 nil i tl th e,+lit'. de. l ta 

-,tIP"'.1 .1 )1)1 ii11!.u I 6 I 

tullurt i um u t i io ihlti 

lictihIImt ,. ii itic ,tul lt' R ;).h d(3.)ml,cc hl , I Ilih-,ne cu l id -dt ( 1905. 

[1t+<lilCd< to, c < it~lin+ lim \1 \ t1M Y _)..m \r 1 K M( )_.Iv +,tcl I.,. I l!O<-iliht hiilcilc
 

Na l o e 
-

,th.'tii"It d It,onl iAL [Iin , i w tcsl. s citCLe t lie a ittit l Ie Mfi 

om , iLt~thptdtton flhox~ Ihoi cllcc, cf'tiafill lint,, ii ad flowe hi. 
tioul-,ttlc,H C' lhO .+ imii oln P~h.\h illiolc's, \k.c'lC' mld.cdt lldtt11 t ot ilt+'mliton c edillinl 

&, c,.lcuit iiMu tlt atitul,Ciit pth altiriti . Kit(.ii. \Al,..-dichhorpet tlo o

\% C.th" ;i't iit , 1-1 )), aillit o It xrc-.-;i.cot lC I A\. i ti', Iitl Iiiudtssilrltf0
h caIll lhe 
Al-o.hl)tfth Iphlolillic icid (( T A>. \ i ,i,, <tccottilp] ,1ho t\ addhIll, I fill o1 it l~I

,t tll/cd .- t c ial \,, l! madeillt ll itt liu l i t ih;i l 'ncntl f , it )I it din h amongCilI.'I. 
fti ,ll tl' ox clu e iho idi tilhIIte' tie al u hl heiTA \,c atlie h\ eiilltiI i I 1111ate t h 

\i litns l thec'nitil i il t t ri i, 3 inlt. 

S ha is ta il ii t t il ie,.,th,,, 
Ih1 l It)t.lIiiti 0 ri IIof1nthL l LI e tote Itir " tll('it1 ll(1Ia ,,lr , tliI.'iti IS .;I dI I i c 

-itl+l 5 itttli.ll:1t cusef t iln M, illt lIotill fotlrmation isil os u ila d he:I, for 
\%hich cal,+' ainthicr h1;1, it iltul/Cl1O ilrtfOhibilllty Of t' rnduein#L1 CIlltlS (COtm1t1CICl ' h\,,

c'-),o ttc pthelalldle l n ,c ltl M ellus is ntotphorcti mtlt . urd ich c trlilatedl dat 
i, dicliiolcd,t . It' calltil lorln'<tioui toccll's inl lCIMnduuItIV illllllg tile SIX ;lltlhcui, 0I .it 

n i lk a e l lhiktelihoot lnNlxIC, tdnh ulilt t ituno is thesa ic t. tl pltha 

l"1 11 Own f tid , tttnillt\ t .c ,lltll... ile......: ist elt the pt Ill1 txe 
ill ,IX) in la 11mcu ,Clcutcd il a 0ul it l ti 1)Hlli~ n %\ 11 be':indtun n111tIl +d11 \,lt 

I ' ' o r it (00I111v) 0 

1+ 0I ) . p.....i y Y II 1. 2. + . ... 0i oi- .x" 
'lM
~tli~c i~~il iriu ii 

'1o ItC,It lie a it CLlUit _" dIt._ 0 :1Ofl t11 sISM ;ind p Illtist he u ,tIt llated IronIl thledttta. 

,MZixinlinII likelihoo<d C"1+,ti ltlu',;Itl*.\ialucs+ no I 1illid. , thalt nYia rniiI/ the prutl'a
' t • 

' 

lcctil~lttC inilt+illtv%o>1 kk II th II)Lc i ilk,11 .1 obtscu\ cd. I1'a.inthcr.s froml N fho \ist+u 

ilrC' I+>lI1t.,d idt 1, thuC ntIiinh l+u t th1c',, 1llm.t u .,, h x l lillher",fori ca;.llus1 . Irom \Iln i 
!. . .pclh hc' mlcuit ) . . .. Illid ! .. i \ then til l l ilit.% ill ~ ,'d 

"+,il l dl t 1 +
 



(*th I,l 'l I (IilI I Id It ANNIN( t tNI.IRI.N( I 

6!

p ) H ) O f .... ... p , ( I -p)-. l\ 

tile likelhoodI CStin)ltital f Isth oItt (of which 

thel'e Is eacKl one hetc,..tI iro ntldnte,)of 
W it Itq 1 1', Ita.\ imltitnl 

(V /.)
 
(I . it 3;i /. 6 .I.I,+ ' .I ,!/ . 51. 1/,, 

wlch al hel ritnical,IIinIItUo 1,the stintiaion of' is:beail'\ ohtiaind 'iI nd 

- / 

'I 

lo test Itorfitoi the Model, the estirit'loi, of,/ ( I i/)and 0 le SIthstitntcd 

into the ibahilit\ (* ,oItI Itultiplie~d h\p disirihlition ateah ion the 

nnillhtr)loflholrN., V. It)ohtail tileeXlec.ted IretIteitct'ieS. Ihee exp',tcte.'de frc

LqnnCit_"C, are ,Otp)re;ld to the o;,r.el llqktetL.'Iie, I.. ai hi-s, Uirie.
 

goodiiev ,-tlit test. Ith nix\1nttli likelihood estlintatos are snct that the 

.,pecteLdI tretln n Of ti \ hich no0;Ilntite., plrdn ,iiI/,,,Ie fIIi Iro1 ',I I)[ caill the 

Ied, tt.ItI n .' ('11eCx.ls,. 0),.1 . 06..) atnd.xpec I I rC v. SinIC' thereIIC I I ( two 

estillated.( the hI;t:s ofp1aniiIIii t-, (),]p). \ ,ttitis t 7-2-I 4 legiee. fIlretdo . 

RI IIts 

Variability in anther culture sstem and effect of cold treatment 

Influtnce the frt. ecvl'C 

formatimlon fioo ctulturd itithir l )nDnlf I17. 1oittghi-Wel rand Mix 1979). 

But iltot Mfolt toeaci ac ;tlftit, te fficinC\ ( 'tlr teINrvoid 

lh. contditions tinder ,hich pl; i tire .,,tn t of' c:ilu 

Itis 

plotfhcti lI-onit ttltured it'it-r do lot utih/t plitLt gi O\\ Ill lttt l i dItilo\i i 

etiVirO 1 ilcnt..\ tle ,\pC itl it;ttl utet N,lot tnilfolril ill ',". the ,\liditv[11 .ti'h,c 


tf cllp+ivisoitil hct.,t\ ex ,pet torlti d lildiffet uts
tt i.ttlt' ot riiilte!tt tt tltst he
 

Itest( incd.
 
,
t tIrrll ft~ \ lli l lli, ther fietI t\i l c. a vsIIt tll( .,IIii',, ,tt i .. .tle , lat 

hcligth, t,.:l'ri1tt.rt. ,,,t. ittinm d ;it vton,,,a sio shlu.'llid hu1,11dit\ .i tmn. as ln ',di, 

DlC fitC t e,(' ;tt'tl +It ItIll it rlllcklt lllc'ic,t ttill I io.v.'l' . I Ilstt ,l_t itels 7 ithl 

.ariahlilf I if\ or,l iln he et'fuhe, coXILIlldl'l,inct tleriit thewfn ctt t Of dIos t 

of colth li. tt :tlttloitl ,;1th l o irlt s (IttiilI II.i et. Ct hrelliM1 t% t 
,
catlisc unlkl,+m .i these.t: ttm illtilet. ic \,:'ciihis
 

IrIO&.JL1._'h'1 l. ;Illlhc.srI-, ltl .1days',,',
 

A 1010111,11 lhwilr Is luc .,l cili,. of 

;titc 'cdit,he,"-cilhsllal./n tIo rn till~ilAl ;Il7 C 

the 1IruqtIIlvlC0.ItLAIIs11H11u-,s+maio+v;. hnlihct In c\lpriiclitts,l)Ctkrlllc- Illtile 

,,utIlllllLt111;111 Il CN)Il~l ,,WLttr.\A S11ilt dCIII_,llti tileplimn' rtMM'd Illtile 

1lt l+ ipllltt'. 


•

01u .tl tolh~lt."cdl il lr dt 
II-'LId l C.\ 11 iI+ll 0 %,;is ic l]oll il m a t. -7ll( o r 

ll hi ,tisloli. t\ ticr ;m %U s d lltlIIIIAIC (.l"- l 7 foll'., llc+t l h CIlt~ L 1 III1C 1Ot+'t Ct. r 

tile Itt.'(tiC11l,111 Il ,tlminur...\hhtltuh tile' Iof ;illitiIt~MMuti,,;l 110111 imlltIS 



I R IIIz'I u than t t ' Inr,'iAN.:i~ I I-d n u \, \1IOltZI,+\ kI 1 A i',I,', m I.ut R,7 

ill
l m~l i flllq lc.lit ()htflllcd~ it)hlt)[11 wa_+ , \ll llo,%Iill tho. " tlt 

Bc l'c :, d l t. III lq , l,\ t oIt',-. I i hii Lulltlcu (dl.1IIII1cls (htatllt..thIoll 

h iiti .ultm lil at Cl n t l C~thXjlI'IIIIIlt h tqlt. iii hiid Ii.,iv,.+ ttuIt Ml i l - ,tilthi 
ti~)iii I iilitilii-i (Ic i i'MC Li t i tilili-If i1tCOM jl \\C.IC+j)IdI.'diti ILNiR ; 1110 1tIllIII I() \Ic[pqt)\I 'I,.Ii ,,Imai1 ild ,iIIItIm c- I .1'-ditt, Il .iIIIllt..'II M I. alutaI

[III!Z h 't'h.'t p m lcllllu> I l tll3Ii.+.llw.' 0 ll. ' IM J~ (dftlCl 4I \t.'IJI Ilt'tcI", 


0I 1]111Q, ",,,t l . k-wlJ d 111Il\t,t [ l 'q , 1 il l l~l d I ltillih o~t'l 4)1 k<.'[t' lll tI'lIIIV\.h l h III(. 

bit3)I ti !'Ifii .' h)i 
[+Itil..,11[4 
ino ditIl o5lll li Ittill\, iud. lIIaI (lltIiiiL h') ipi'li, aci ll 

-11ltIMMIll O MuILI llil'111dU l i+llkt'd [ pt(lcd poltitC'(1tu t,ih "11111iHI 

.1iip tl ()t)dI tht..l In al( 10I ti it +1lli(lll'.(.)II\, .htlmnstlhl llit.j I.'t i L lU iliotiill .ill \ 

11111,H ,t~lt,,'uhl it .d m Ajitiit ,lcM,r Cd,., ,-rlldAiut ill1)\ 111;1 .l ',tlijt., 
IL' Hlt (Cdl 1IM II ,Ip ',llilt~ ,1l ) "I[)l mt l (it pilt cltll lt+1 11 fll('(Iltlllll l,+ 
o.'01](1 t l l- 1:111h L' 111,H 1l1 [ 1IIt ItC I hitl [ l lt l I MIt .1-,111.Il"-


E8ift't I h r ( 
.. JI(II( thc mItlIII %illhV.... HIimrm th III 'tlU1MC V 0 \h111.,il"iplcui wil;ltu 


Imlt t,. t)I 0 itf', A.C01ttl IS 
,, i! IIy CI L'11 I O ,\C I 11lU0110t l tirl 'tl ltl', I 

L'AIlush ift i,,.1.,01,+,.ll 1t) %[,,,'', p dutI III i h,,. ICC. N A- IIl'ittll 
IiuI 1M ,7p+MI ,+ I l r', ,,tIl tI i 101 M;lItM 

. lic+.+' 0 n Hollhti IIIf lI 2I IlhC t.t+ ()I c',hl,,ImtIltth'm (m I d III,s:s r,+tSCd 
xI J I!IIIIIolu IIIIItl I) thi"I it i~ s 2A-I) lI'ct(2.3 1) IsI: II ,() II II I p/ I l l'l 3).('" IIl 
Iml lII\vas,in11hitwd h\,IAA. IuItI,:3) it(] 2-dlh Imot'h.\ Iihuild mlic ,lcid ( IlaMe 

Tabh.C I. of ,.,Idd i I +'.Ah, E~ffet' 0111'n formlation. 

(nt+.) No. 5 

0 .181) I149 31.0I 
2 571 172 30,1 
3 1814 681 37.5 
4 99( .;15 41.7 
7 59) 233 38.9 

It'u ii'r, 1978.79 
3 892 183 20.5
7 12016 432 35.8 

Table 2. ITl'ftof NAA t'w.,vinration oil cadlis formation. 

conlin 

(lllg/l){ lo .) 


NAtu Anthers phlh"d" Anhcrs forming callus 
N o. , 

0 518 52 10.0 
1 60.) 135 22.4 
2 1064 357 33.6 
3 366 118 32.2 
5 1273 438 34.,A 
6 517 152 29.4 

"Mcdia contaild 11.3 in,kinctin/liter. IFlowers preircated for 3 days at 7C. 
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Table 3. Effect of auxins on callus formation. 

Ilor il one Comlposition Anthers plated Anthers forming callus 

(per liter) (no.) No. C 

2 rug NAA 
I rg NAA + 5 in IAA 
1 org NAA + 10 ing IAA 
2 rug NAA + 5 rug IAA 
2 rug NAA + 0.5 rug 2,4-1) 
2 org NAA + 0.5 rug 2,4-I) + 

1259 
601 
587 
715 
972 
342 

540 
79 
30 
87 

439 
80 

42.9 
13.1 
5.1 

12.2 
45.2 
23.4 

5 rug IAA 

allowers pretreated for 3 days at 7C. 

Table 4. lffect of 2.chloroethylphosplionic acid (CPA) oit callus formation. 

C'A conchi Anthers plated.. Anthers formiug callus 

(ppo) (Ino,) No. '% 

0 1067 238 22.3 
I 720 124 17.2 
2 802 i49 18.6 
5 706 106 15.0 

10 682 92 13.5 

aFlIowers pretreated for 3 days at 7C. 

Table 5. Effect of sucrose concentratior on callus formation. 

Sucrose cohcri Anhers plated" Anthers forming callus 

(no.) No. 

On mediiu oSolidifi'd wvith 0.4": aaww 
0 624 0 0 
1 360 128 35.6 
2 590 207 35.1 
3 838 309 36.9 
4 789 344 43.6 
5 273 97 35.5 
6 838 337 40.2 

On ,edioui solidified with 0.2,; agaro'e 
1 41) 37 9.0 
2 275 54 19.6 
3 179 53 29.6 
4 358 128 35.8 
5 383 135 35.2 

l owers pretreated for 3 days at 'C. 

Effect of sucrose concentration 
Although sucrose is required for callus formation, its concentration in media 
solidilied with 0.4'1 agarose had little effect on the frequency of callus formation 

(lable 5). The results dr suggest that a sucrose concentration of 4"i may he slightly 

more favorable to callirs formation. I Iowevcr, on media containingO.2i( agarose, a 
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. lc.*ill C piidcnc\ of c'illus f') .llitii llf-CLittCv ' ()it '.iIOc'l C CollCCtlttaiojIt iS 
i lf~dficIt.\ Ili .ItiiiiH firqticiyIC ,, 1,1f1i calic f \.tith 4k, ,,ii,&41. hllt tOw calls, 

l rIliltill f1l"clc ics aic: Co)tl'ioI tlahv rc(llccd N-tiLcloC iol 
It i [ 1vi"lC that c aitd 

it I ,€"c coLncCltll ". 
h, tIL'0 ii',1o10 iofiitcI IIa , dfl(Id k,\fIll ). ' ij;i Vo-C 

. 1I tlilI1 t hial .4 .:iirO',C 1', h( iM a I 1)1tH al I III; ht Id I Cil I.IU I it I. 

i I, - cII,[ I l Ic I( )it. ct )IO tItitI.I()I tiic hC :toI ltI I I i M h I I CIt' I IC' Ilit\ hC ditIl 

h ) it ( 0 m ICt t\ iLIlIL itIt:1il i t 1fltIC tII tn-,ti t il cll i I I Iik.ccIt II Il i-, I t11)iIII IIl 

I,t ttIIIHIC lu oilti IItcpIc. , ltk \ c tiitl 111(hi 1c' ciIIH fall l c oil i t',tm ' 
]+t'I tiIi f Hii S Ill4, i.iIll.lt 1 t it \ 'it p litc l tin 3 NciOt Iillt;I l d I,.t.p itlitd ll 

IiI IICtloi ffcit "of xc) ,pt clNiitc it( itItlta inili 40.4 ty;il a ii % h \,if \ III I!LtmcI cl 

a1nM1 0I iloit IlclIitIiclI I lct I IcLcd IIl0tKi\ I iitl(lIith o ) .17(Ikll CHtl I'ol)
 
i tui,..tha tidit-1 ilt 1hiu aloiloIm al.i 1)17(l \(C toum
2 11wil ils h ll +i dcals. 
- iI iI I i t4tindaitI thI fl tl l i t I I II f,,, I fii li ciitti Aot '-,t'M.ClO4C4 irI t4.i 0, IM;I (L C 
1I4il Illh\tIC C1iiiic It c IC idditl b2,tcl\th1d 11itim).I.A Il \e containilg) 4o 

, I,lCIIi l ,, 'it, 2h1)t2 ll. c oII '862 s (4tI )7C tIo tn. 

EIfeIct iof erllsanic :itiu es, 

in k ",, 1t,d, k MH . I w i mil . nm ,ot,,ol 2 S2 ol 7 6'4 a.n th ,. r s ( 3 0 ('mc(It () f our med ,,_allh s . 

Ii lhc' t,I ,lNll d Rc Im'dililt, c",ljIlti u'd from 344 arc817 ,i th rs(42.I 'c ..('llu s 

.1, n. h cbcctliH _nio c'dlv ita ceN,,rin v.I ,atc. 37co 1,387ki l -,ppl o t v lf te rs(;1.'1tmi'\t \ic cl \Nisseto onpC'. . a clnthe itio Il0.iowtoocl)
Cht Ini t od Ilttl~lIl nd, 2921 OftMiiintherW4c sa*c of) platedcil vhl ,tantdardP, I l ti illl li'llm -d ~ ll x 

Naiiifit *N 4i alhi-, f'orminol~ n freque~nt:* 
I~~ic<.,C, CL c TI [()r (li.S1C'C'tion ()il the haisis 01l ccru l~ill m Ii p~hol icallh c! L -''cd 

<lial~d'il licI ciiiiU k"lh 'c inorpllh h gic:!, critcria 1rcIIzl jjti lC'l\r ,,lik c(_1\ C' they 
illi/ ( l ha\ c tcul ilpplicd unfilorllil\ i all expelrimentsil. Ihic corrcVlatil, !,ctwc~it 

1),i11L.11ul 11lu1i nlimpq hlg , andt the 111cr(spouc Stage_ of[ pllll devc~ l lclit (orl 

1)1h(1i p.1lil lcIcI cl iticll i callus fori ati ii) that tlas bccti 1ici l llr owcr clection 
il1,1.\ 11pl ) .  o)ll] tol [plilit" V1oxi,1n tiilttI'i Cer'tainI c'onditom . P~h).\, l ,i c.ll \;irlat )In 

TLillt 0i. t (l n c(twtll iI VC 1 l IM 116' i o.'li~ l t'aIIl1 I'mlllii lli. 

a\,hIIlliltol 'tculcl lht( lq l An :'er Cotri'llinlg Callu~s 

(IlM) ((it),) No. 

t) 679 210 30.9
50 447 154 34.5 

100 544 125 23.0
15(0 299 73 24.4 
200 213 36 16.9
250 343 38 III
310 231 16 6.9 

ttlmvcrs prCtrCatcdtIor 3 days at 7(T. 
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jucoc;ii 1Ia l lil tin SitJChfl t tait hc t
dt. Itlli it iili 

to) i \ that title ) ii1 U tIlilII12>1112110%%1stagus Cd
thatiul lIwt III11 

In Ix i. H 11111ICtilJI 

til' u Itr221s oos 2iimul ab n 
Iil ltCI ilt IllI t, ';tit, I III I MI IJ l ( 

Iu []);i~tiIru-tt 
ill t i tlnmikillm '.t (1it ll iptltiittoch\ 111tc n tut 

'Ait 
lir suut Ilt iluihilln la\cking1 01 111LI.thi01 telIki hIuI 

'd itmlit 1 11NI()11htuiin. SeedJlingt ilt 'tlih te - II 
i iit 2 icat Ilitlii'ii' li tqu Ililittt~ 



Table 7. Number of anthers producing callus within individual flowers.a 
Anthers (no.) from which x number (0-6) formed callus 

0 1 2 3 4 5 

Observed 173 103 103 80 47 16 
Expected 173 81 121 97 44 10 

'Flowers pretreated for 3 days at 7CC. 

6 

5 
1 

Flowers 

(no.) 

527 

Angtrs 
tormninL callus-

C 

26.8 0.285 

Estimates 

p 

0.375 31.44 

7 

7-. 
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I)l~IS ( IINs¢ ).\ 

In the present ,tidics. a nediun ( R-)I was dicvlpcd o which mitore than 3517 of 
plated rick. ;I I t .-Is, I II LI(\ (. [le 111taI and ph.,, sI otrag i lIStatetkI II Io+\\crI t ,I,utIII:Ihlc 

il'1l.Itti C;tliilx. (It InI l;in t,,%o c t 'l'l.a i llI llli lil it, t 0i f oIf tihu,. calli. In 

til h S lillll Il (l l cit.n Ini IH1 tOLI(dI'.!, iLt i icl \ptt, C c it .'It xCmitta .10 1 lt 

.llc2 i lll t'InldtIn Q1ll it 'i .ii tLI, ' l l ill i ml, ,..\ \ t T hehu 

IRi-1IC l.'.lill Mti 1101 1tccn tcti,;ttlItls Im ilr\itt. ilix o- iciL- t[. twi ll llilth-i ' if rice 

A\ k",i l 1Ut tn thFIa %ti) I il" Ithlu ;1(ti fxaslc \\ ith this 

N,, t'c l. ( )II,' PC ,, tll C1IIt i % plmtc Ilcci I tlI, , ct\ . l oih,,l' of hiCtIt 
00)1.ofl th ,.-c 111tht'., 't .tc l d Ito [LI III ' V, lilt -tp t(1+,i11 

c IN(\\ t iI i C;i h 

I \~l +,-;fill (Ih\ d l l, II 

a l~ \ t it t i, I; tI iii! It I ii ,, .LBitt i t th t tll, i iIt I 1 'a0illlt,,, l itt, ,,t~allItl 5i IIt t IIC l l 

I I ttinI ( I t Il I tI , t 11 ' I I It' 'it 1 . 1)111C i ti it ita-Ir1i. 1 II) t .iil C
Il I l l It tol'. i n \\iC hIlIIIiffl, c"lt.' lI lll\%[l tI v + lilli t, 1)r.,1 '.+,\ r ,(I ,t dl cua l 

lllttI titCII [ ICI .' 10 l k" 1lttJ l l " l. l' t dl~ Ln . ; I km ,. 1 tl \\ tIf tI 'I\ 1111i' Ift," !ld i l 

I It " . I I altw I )I Iin I ',,pl )11 ,.'( t Io111 Ilia O ffIt I l iu lta'nt'\ )I , t th III .+It, il ItllI.\ 

,u litAttis, I hI ut I i itl\ I+, (t th nn tI 11 , i l ,- It I.I\ dItht )..ll It(-(I luitc % ,, ch In1p1 it+ 1 

clUfeeillt\ L,I HIt;[ lie' c , '11( ci 1,b\ (it l it . l tllk\Lt Ilcl ,,Ise1 1 ' l 1 1, uillh(In t IctI 

\\lt'it.s W th an I'l\ -\.III th i.lth )II, h lt ()I .\[lict](tt,,o'd ]d , il l (',,,tm.' tntt l %littll()A 

Alitm L 1 11 1h1,10 1 hi 

reu ltucowt I ,,t. \,. h e Ih odtlhl- ill-, ,.di~tt .l'la ,u a , l K m imniki 

,LICtItO ,C C01,.. V il,.i Int III I d littlu ( '11 l t tilt.' Ir,1+.1u Cn oft l 1111.t11l+ 

ofliy. dn~ 

' ,  
,'111o'. lll Illc d c o '1I Si lit.'C.illtliItl0H1 \\ l O~lh , ,_d' t illltcICCI il 

t.'~ll 2 +;Wl ol O W ilt. llu:, 1011tlt ll , I t''lIL'm , )I ,t , Illo,'dtli ll %%.;I."ltililg ( P,t , ";IICt' t'a , 


It.l,the. 'A M C+ t tn
clilhitltct d l It pp',r ',itI'ir +_(',.tctlt h+\tle it,_ lt ol l , 111\1 'na11 l it:, 
)

h%\ 21 Ili \1 ,ucrol,L-. (41 ilinal t'lt I It' ), life ' l-11 t '[ of ',,t1't 01C'CM I ([It+llil010l1 11PtqlM.¢H 

thie IIc,.ittv .c, (11 Lt io~l mlli oItll m t",. Itct t111t(111!111 It', ,C'~ll 111)[11 lol 10 the'l[lu., he~to.\C 

t(W,ltolo 'l1lCV +.OC Ofl ti t+lle \, l IL.o tltn tCO lllitIliIIIt 1'1 . i .. A w llto li-' picV, tllit.: o t ,I ill 

d}2+ N IS IC,+h 111,111 thlt lOf n11o'tditlC )1:1 il. .4' , d il WX', . Adtdtitio.nI ofLg 'f' _ 0ltill )11_ 

',tltI tO C tot l e 0-' l'l12, t dlt: it .tl o tICHO.2' t1111illli, C-".p,.ct ' o'tpi ' c;.t l I,.cl tilltillhc '+ll.. 

of tall., hotlllallll 

4)IIIn C It,\.Additioll ,i '-d ihhu octhillph,,,ph,,nic ;It.'i l CCI, ;l',c W Cl ~it' o'T lh 

Im plktfico f lus. oill,it lo,.ll Iha, 'c crCt 1 -) ullt[i,1111 Ctl ( d tim l',l .,ig)01ul int', 

I")L'Ciltl,tC the. till,.+ I+)I C111\ ICtIt' foc a''isc it. s 1)(1 ontilt. oll dt illtt Ililt-' collcot Illll ;1(h1l1 of 

(.lh l a l ll\ t-'l\ CII lttle, \%i, , nott kiltm \ [I,.;II 

o f I ln1I ',It', 11;1', 11L-,1.'ItC'p 'l lt ] IIIJl file. lla,,A io ll lit-'. ilillthl , I llt 1111 u 1 ", is 

iinctc ,,t'd dI;InIilticatllv v m il tlainlinl-,1. 1ht'ls +,t tl lpelill llcs~ ( 0 .1 (', lU'it 

It I I>,ut,m\\ ;111) (. l IQ75 (lft()\ t,.i ;111(1 %hi, 9,o.11il .1 II 19,7.4, ( 'hImlul 1 ' ill Ig7J tile 
p f .'lI,.iltlln w lll Ilo \.I'. ha 'll\ ccl lIlheI I l t'll! ",t tAI c', o f %L- ill ' } I ;I ", lCtlt.l ,Illl 

II.'l 'n \ +Id 1 , I , i mlloll l Ill OIIC ,,t.' IL-, i " illil'll"..\ l,.t' <Iitfkck L.,11 c mluch .,-Itcalt.lcl 

,.o ld 1 .l I %1 Ill t l \k,;I', , )>l,-,t. ' l l I " ( (U~lt .ll1 1,N I CXIpClI l ' tl I" l10\ Cls 

http:C-".p,.ct
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aI cI CIItIi Ilo I hi stl I lwiicss (IIillth'd !I arI.\ ste IdiJI I \ C;I I. i 1 ic2cc[() which t Ie 

\11I liced 1h\ )I cIIle I t1 


tiMhiS (It tie 12iIi I I ) I1 (felt'II)ill1L lic lt og~h I sIt C of 


CI ItIS I- UiII inII Ih(IICI IC\ Cld pihi iiid C\C 11) \ Inloditicil
1 ~d I I I iNl hi I sl iiX 1 il 

It ilii) 1N C\ titII ()III tilk" ICtIIII (hilt. Ltp t ill tL-1t1 10L C' II M M',lhil IIIILIfI 

iLILLi I i ltll)V Il&\luiit C I C I tICX, I ll I W! ill IiCdillXvIICI luI I)\ i 11 I (We~iI 

ciI 1, JI lli ('1 Lc, I i m itlw l hi 1 0 1I ll liiCi~ I II V IIIC tI kItIC IL ( I (lI GtIh I II I I I I 1ti01 

)it ~iIll 1% d(1,t:II LM iI ', IM", [ilt ltI iIt i 11L I L titiL 11111Hit IICN I I\.Xih1.h)" CIIliLL-0 

CiIiI LI "l C tI IL I t\LVIII I~uui iuI I %LIiI Il I~lill t 1 N1 11>;I I 1N 6 11IXi 

I I I I; I I II III IuIC 1ilI l S. II( cudt 1 \\LchIl"()ILiiii 11 I \ tLI h% Xlllllu Iclt~il\tI~ iltose 

Itl( LCP Olll ( ill I .'1111 I 11 " ii.' i \ i ii itcd lm Il t' fXIil lit ioiI utll liih.(iNC C 

IIlk itId I II I III l ic I I iiIc ii I lIS(ilitlIli Ip l i I hi I I ~tv 'v111 lIv IlI idiIiiliii 

IiC ~Il ii II1Cth l IM d(iLu IlX X1C;,itWll C I)Wd .\II~il itINI i l 1111 JI u it ixlsd 
ItNIIi tN. ICtliliill CMHi1111lii1liihi ill C'uMiIiIiIIIi ioll t(di ItN'iNl- [ILL'1lillic. tIll 

lIl-I'tu Ithlt' k IC iCl NthiIulilhi it1ll I I I itiui I I i hgic S,/\2uil I I io tIhIl ILIll li 



ketnlIl )i1otliiinci' i tll\lmloInII Ilo Ik I II I IjII .II l III lt.II Im c I r c n ._I,i ll, 

and trt)1t I ld 1111k. lic Ik,I CIl. iuIii,+l0IC'tIlil J i I l II III IIc t lf- ,/\ k s,.'H kt+' 

k'to llllI .,). t \tL\ I t~ ~ I /! k ' )I I .l I! I I Il tt_' L - IIIt %xI I k p hII
,

I IILl' I '1 	 111.llI~t 

I LI I I	II l l , t I I IiiCt, i r I<,% I-hi.' II1Ib-,t i I C'. I CII ', IL'( I III'
 

I ,I I i l trI nii n 'i l~I I t In I ' n \I 111. 1lit t II t III I
 

I IltCa litlr~tr'it 

l I I.Cu iI\I I I IutM Iiim 


I )C( II IiiI\ Iii CI n in in 	 m ir~~Itin il 

,
1h,nlnlI.It I l i, . ilnI I' I.,In I' I,I, - '[,, , III h lllt,i lit '',I l1YSl t I' , 35 1l-301 ill
 

I , I I U . J I I !MiI illp iIll io rIl, . Itl Itl til t 1crI I I,[ lllitq I ' n \ %\Y o lk .
 

IlIn II. 	 R' s. ll+LII ll I Rtiiini 1' J 1nCnII IrII ,l I F1h!h sI l I Ci. CI IIhult \11 1111 n tnOu 111c.10h lm mt1m 

It I I. ( 1F)' , / , Il . nIl,"\ k lnt 'ltIl I l I I I I It1 t-n 'I I CI I1I \ It ' I ".4 s-I"-1 
) 

lion. I I I nn ldt,n'1 inn l inn .11 ,.' lt "I lit V. ( '1011 S i." I I nI 'll't ili t nnhIntIn 1'in1I11ntiIlIl' nII. 

ll I'I . .J I(1 11 'h I. u 1 ,111 r, , 1Ih I IhII II, I ' lt +Sil .I. I a ipci)Ill It+, h 1+ , ~J, 	 hll 1 

ITIiI lil t! tiiln. \\ ,n11. hl1m' i1. n ,i ' l -ti I rT I , 11 I. > -ii i ,I 1:1ill'l,,I i I n' ItItIiIIIi 

II Till "I ni I 1'iii, it m I . in -1hi SiI inti.I 'l n1i n in[ ',- i I nn lnI ii in 'tl: \ii , 

I )111%w. \,1 I' : , \ u i l lii i t I I t , 11 I t t + ', 'Ah Ill 1CHlu't", , 	 'I ll', i Jt'lt ,t ll d O )11111Il iL t ) h 1 hi 

,ilit, I' it illdc(' iiii "Ill "m' i I i I 1 :l iiili< I I' n ni, I I ;I ' ; ;nn .. I t. 

' 'il ,, i I \ l .nu'n I f " 1',I<,- IIm ', .1I,'' ,1, -i'i1 "ll . I ii ilt 1hi1mi1(l IILCm 

I ,hIII n1tl 	 l ti [ II ,mi1n lm hlc I I1- 'i .n1l P I , Ili Ifi , l 

I , I, 	 Ill I 
I ..11hl I+ t !, ' , l 	 , l.II, I I t)l , - kI lhllf I+t + . lil~'b ' , t , ' ' , ' l~ l l 

. 'tl nt Cinh -l , i 1 i, l ti lil,t F!+ ni~nF ]'i'I'k , Ik'i ' i,' '' ll i min 11 .
 

thI Ntt~"I. nutb F 'nb. ''': inn, ii ni I tI'm 'i-.i ' il-in 'I--i .
l 
" 

)l',i mu-'\! l-,jn i I', ,'I + n'n :n i'ltr. 

Fl' t,,lI I l.i I. Il K II' 
NIi-,,lnm , ,-I, NiI , nilni K Kti n' int- ] ' Mln n\nnll, i .nil,,n I tIl.- , 'I Innt+,l ' lln 'lni ' 

i ii ijii,Mit i I tIII 'i,, wt, Ii,,nti h !izim -t, ,l ~ ',n ,+ : II .'I l 

" i .in'L ilnl, K Int I',', lil -I l c it111'lil l I I Ilinn IlllII 	 I ii I,ininl 1,'- pli Iit Illtin 1 -tn l. 

\ ithi Ili , Ii 1nillimi',d!'. - ' .,n nnlninm ,,II, i t I l lN P'ltlfi , i F , n hil 	 ilt\ < 

I+" I'Ll+++ + I'll i,, I.it I 111t ' ll \ I \ : 11,. ,l 

n , + K"h I, 1' , 1 : *+ i',h +d, mhI L'tl+Iitl I l b a !., 'id I ,IIll I II ItIItL' .11111 tll-11 tilt' 111 

* 
niht. nit ,, min"iltn 'th:r . ii,,< unl tni~i+,, \ nt"I Int It I f, I 

'lnn-,hln ,n. i Inn i,', F II I F,, Fl +, K \ (n i. It',' l11.' I~r+,,",--l It nn~h~t+'tI'I(n IIt "\nIn I 

R I ,R - it IrI, I ,, Kill n Pl,,'hil i n m, i 



TISSUE CULTURE WORK
 
ON RICE IN KOREA
 

!BFccdingw~ork nIIIIg,i ricc .111hICrCuIIII[c hCg'anl M thlC( 0-01) 1B.\pcilICIIIt Stai loll, 

.SII\\iOn, Kowea, ill IQ77. Result,, ohiained so III- and prog.ress inl breeding work are 

Nariuti.i %ariatioriin caillus l'oriratioji 

ureok.( )~Illull It.c (d 2,4-1I) mnid \AA. poplrikir illiiI lt caIltiviittliitr 

rite Ii. \\c cv"trd et II Nit) Ir MtII( ru011t ()I 11' IIntned 110111 ILee' edhings at 30) 
&r\ l \&t-llitt ;rrreLe \c(ml mcINtIt rlutfere l Ie %iiiei anid allilomg levels oI' 

ttI\liv I tu. I lil lreINtI'Omri'i le %itVil \-1 NJIio\\e tlte e-[iat(!S iiittiim t tOf 

litII It\ cI Imc:11 It lii on \;sI"M NI\Im .21-A):1~ ii 2 0) NI tol NA:\; It 

\nu1mnIer ( 1 re ilsi l "hleat. il ill catlis.I tteItII' ttt, \illeicil \st tittl Oftle 
I l ithl trtrl .l i tinill :Ininben Of 3S [iit. \ iti jt l (ic iet . litolto il~ rice 

nette nlel t101 it joel,C S iiall imstiN llIMli l lit tI it anmd\ er I t % I l 11 h sewi 

(.tI I I( dIt 4dtsee amidommii i psittIteIte . It~ ( till Im lidil l it Injidily 

( l:Ius' formiain and1(trganrogenusis in fie F, 

Rt ik I tt ahis tttriitiijtt itll''uikiHrAtei mlII)I'I. sitmia Kimsesset o 
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Cullus (Hl/) 
4 ... 

10 " 

V3 
o .. . . ... . .. . . . .. -.....
.". x . .... . 

I I Ica 

2 

m.sd ,tti]r 

0
 
ct) 0
 

o 0 r- 0688 * 

ostrsrlJ) d;Ihg i, IorM-tatios seedlings.PalEffetofaug c shm eidcallus thanedfomr;
I 6 0 O 

medutrm t:+dgree(itc1oec lu o Ilto ,p du e llsta ie;cdo'ete 

hC:Flng ers.a
paCre uns A wm n (IYufC IILSt10O111111Oli. I) anoa11r el silcllus 

cr es Callus
tilalwcnig t CWMC.n ssc Ihi highr degee o f fom tiontan seerdofs 

paren)lt d0IIwt.'rOr~ct ICa Illht hll~ld gci:cr.al]on (crossesMC- 0\-d0lIl~r i JI ['I whoN 

the fol a (F! P) D). 

lantoC rgan differentiatins frotis cedling callus showed great vsi tliiosadlltonr 

rice narictics. owedin pla of thatrss ill tiledegreee lt lotgandlticcit from sed 

callus ohe.d if th ac sotwnt n clrsnt10 varietal crosses ill a le 2. organ
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TIable I. lleicrosis inicallus fornmation of hybrid seedliiis. 
C'allus folrmtion 11-5 ) 

Cross IP, P2+ l..: W1' 0 1-P)/ID 

l'PaIkN%sei I!-/tb,II¢ 5.0 2.0 -1.5 3.0 0.8 
UIsel Pitk w.LW, 2.0 5.0 4.3 3.0 0.8 

Palkw i/To iii1 5.0 3.2 5.)) 1.8 1.0 
To'Iut il/Plk\ve 3.2 5.0 5.0 1.8 1.0 

Noiiii 29/1'oi1gil 4.7 3.2 5.0 1.5 1.2 
1l'itil/Norin 2 ) 3.2 4.7 5.0 1.5 1.2 

l'wn{'il/l 1,24 3.2 2.5 4.2 (1.7 2.4 
I( 24/1T'oi.il 2.5 3.2 4.10 0.7 2.1 

IR78 I /Usej 1.0 2.0 1.3 1.0 0.3 
tJ!e 1i/IR781 2.0 1.0 1.5 1.0 0.5 
"I) ::dIII'CrCnLcc betweecn pairents. 

Table 2. Iletcrosis of' organ differcntiaition from callus tissue derived from hybrid 
seedlings. 

CrossSlino 1'.')
1P 1"J.,-P)/I)
I)'1
P2 


Palkwei./Usen 4.0 5.3 16.0 1.3 9.2 
Usein/l'alkwci! 5.3 4.(o 24.0 1.3 15.4 

l'alkwe/l/ e!it 4.0 12.8 8.0) 8.8 0.4 
Tuuil/lhoIkwei'l 12.8 4.0 24.0) 8.8 2.3 

Norin 29/'lo ,il 0 12.8 7.9 12.8 0.6 
Togil/Norin 29 12.8 (0 12.2 12.8 0.9 

Toiil/11(2.1 12.8 2.0 4.) 1I0.8 (.4 
lR24/Touigil 2.0 12.)) 2.o 10.8 1.0 

1178 1/t1sen 0 5.3 0 5.3 0.0 
LIsen/I R(781 5.3 (1 1.3 5.3 0.8 

I)) - difflereicl between parents. 

different aIlmn as higher inl the crosses \%,where the fnemale parent had shown higher 
plant orlrll diflerentiation. Reciprocal crosses differed in the degree of plant organ 
iilicelleiilt Itll' I:: ,ec,( callus. I hie F data showed that a higher degree of plant 

0 r;.il di t _reilatil iptlp dl citicr as complete ololinance or partial domiaillince 

iII Ih llh rid ti CilCi;I am . 
liet' dee'lTrt' l cA llii i lillini Ilroiimi ntlICis of F! plants waS varile( bv cross 

coihllitib i I ( I ihlc 3). ' inihe, of Nonril 25 I etclp. Stwcoi 224 'hnkei 314, 
Ni.il.ui I) () litiluk S. aid Ktiisah lectup plirohccd nlire Callus than the 
rCpectisc lll clii. r nutl ions, Siiwcon 224 ('hugoktu52,hrt i litip of cro,,s comh 
Noriii 25 .1 lili,,ii. laltal Noi 25. JPtingok Kusahue. and t ilungok .linhcung, 
,litcd aImid parlenltli dcl'rwee of callus fori tion from anthers. That mleant that a 

hiehler le.reC oIcallhus1 rmlantion m anthliers acted as either overdominance or 

palthal iance in hbil general (II:. 

http:Ni.il.ui
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l aII(t4faIll Iid ;litlers.eI)I.. Ih.I ,4,kr40l" IlIWS tissuel'o htyh 

('itusIolIm atoll(I-5) 
( 'rI W' 1 ) 

Kup lblu¢/l'CI) 1.8 0.9 5.4 0..) 5.04
 

Norin 25/'1Iccp 4.4 0.9 (.5 3.5 .6 
SIuweio 1 1R 1317-26( (.3 u. I 1.3 (1.2 6.0 
Sliweull 22_4/(lim -i314 0.3 4.3 65 -.() 1.5 

k 52 (.3 4. 1 3.8 3.8 0,9 
iiU k uu a Ic 5.9 1.8 -*. (.3 

Suwei n 22-1/('n,,ku 
3. I 

Ilw'ik,. inhllemw 5.9 0.0 2.7 5.3 0.4 

Nmi 25,'.lbiihtno 4.4 0.6 1.1 3.8 0. 1 
IA utal,'Ntimin 2.1 2.8 2.3 0.325 .1.4 

ku 56 21.3\ilytin: I ( ' t.(..i 2.9 5.8 0.6 5.8 

Ij) . dilfcrcicc betwee i parten s. 

TiilC 4. Ilelrcsis4 lf'rgall difeienlialion friom aliilicr cailis lissui dei'ved fmn 

hyhrids ald their pIrtll plalis. 

(allus furiluli'l I-5
() In 111 W (:,-P10 

Kutjsbuc I etcp 6 I 1 7 5 (.2 
Norn 251 Icll I I iI I I.I 
Stiwel 22-1 I1317-2(6 0 0 4 0 -

S,uw.un 224/( hnkci 3 I4 1 I I 1 1.0 
Sni .n 224'(Ii,' ,kit 52 (I 2 I 2 0.5 
I nlwok/ K iahue 6 0 2 0 --

PlultIk/. tiIIell. 6 0 3 6 0.5 
Noriii 25/.tinhu :! 1 0 2 1 2.0 
Pallal/Nt)ri 25 0 1 0 I 
Mil'a 'Iq ((I(in'kti56 3 0 3 3 

0.0 
I.0) 

'l)dii cie I)rtm il apnierils. 

Ile plnlrt uga i frlldiitele iatior( trol Callis of(F-Iantlers lso4showed greater 

diflercnes, hIx-,_en crotss c4noihlatills (I'abc -4). I- of' N4rin 25 I cltp showed i 

lightr p rcclitage ilIplant on iln lifteeIlt h o f I:altal Norilll iilh 11111tll1Calhi I 
25 "lhmkci tile lwest pCrCCiltaiL'. ( )nithe other lIid. IlIO SuwCol 22-1 IR 1317-226 

(iii ntitnl 1 III intoranl 1n call,, altllot~l neither pilret shomw'd Stern andici eit 

leaI. Ilk higher plc llt ()Id1plantt t2in dithreIntitiln ,.CCned to he ipartiil 

th1llilatlCC ill the h I~ld !,,lIirt. i ll( I I. 

Anlhtlr culltrilrt't'( ing of riceb 
(lIsscIoinilmtihll t iIll se ticC Ilait lcitalcc hae b)CC ila dcld I: anthers 

hc
II CI i nl f4t1 intccinlc en N 6 basal 

rlleldi c0tIl 2.1-1 );it oli. plkIt 01!;all iation, N 6 

h1a\C hccti CIuIhid e. i77..l Ilh nh(eQ7 cal~lu, il 

(po(stil p1lu' 2 Il'ialii 1041 ItiLrclt 

ha.sal ColrIlpIo,+rliill plu, I.A\ 11(.2 111 liter ;111(1 kinctin at 1 .0 1- liter.('almLs
 

folrnlaliilr i tl ll1I V tt I s5 7 Ill CrIs" c0illliilIatiowl . I. B4. a tlos5s lf 

the hlellsh lil 1041 (Ilihlc5t 5 1. 

dCgICt Of n tiILildiltlcllCiliOlI h itl CllhI il l til fi441 -. 7' ti 311.3"1 
j*aponlic SI ictli ,,tlMCIStll Il)CIc'c C (il C'ailu llnlth1 Ile 

k-ll t 

beteen Cl 4s,c4llihillmln,. II II . whillch i4m5cd tie highetst pCrecntage of'callus 



lISSI, tTI I'RI; WORK ON R(14CIN KOREA 79 

and organ fIummathon of' F, plants.Tablle S. C.allus 

Anther Callus ('allus Shoots 
lilt Ow., inlucel-'11 t1ibe
 

i ) (no.)
 

I11l S.2/1.8 1,1'2 .1 0,917 I. 47 14.8 
1I112 %IHI 11/2l? ,1.2"8 7,21 -1.9 54 6.3 
II113I \'I.j,'329 8,917 0.0 97 20.3 
1111 .2 5 15.7 670 4.715,",l. 14.225 
11115 S.?6S11 4,7.l,.23/l.29 5,846 5,9 50 14.0 
11lh, S.2(,1/AR55338.25N ,020 5.2 78 19.2 
11137 S.26 1 1R5 5331M.29 4.,5211 6,9 89 19.1 
11111 I SR821!/iS.2,4 IRI544//S.258/ 3,9l( 2.2 33 30.3 

l1(553 

Tal:le 6. Vrical (It'ellLeT in f'ormafio of' lb ito and green pIails from anthlier callus. 

(II. Albino; co plat s 

No. ' NI. 

]III S.278 I.2)3.1 2 28.6 5 71.4 
11t2 \..11 ,2117 '' 21.) I 80.0 
11I3 S.25 8i,/M 29/' \32) 3 60.) 2 40.( 
II4 .235/M. 15 20 57.1 15 42.9 
11115 S.268/1RI.1871/.\.23/\I.29 6 85.7 1 14.3 
11116 S.26-1/115533//S.258 8 53.3 7 46.7
 
11117 S.26,115533/lM.29 I 5.9 10 94.1 

41.1. 6111111 SR821 ,/.201/11 154.1//S.258/ 4 1 (1.0

IR(5533
 

"al)Ie7. (hromosm enulllcl)tr rice p)lIMS regct'Il'led I1)1' r1im ;liter callus. 

(l'.1 3n
liIl C" 2n 


11 S.278 11R2034 3 2 
11112 MI3'I k27 1//S.258 2 1 

11I13 S.258//M.29/\ \329 2 
11114 S.235/M15 4 9 2 
11115 S.2481/IR 1487//\.23/51.29 1 3 

11116 S.26,./115"33','S.258 2 3 I 
11H7 S.26-1/IR5533.M.29 3 2 -
IIM11] R82 1//..264/11 I54,1//S.258/I 15533 5 3 2 

Table 8. 1Ilast plants intlced from :1iilher.reaction of'rice 


lit Cros Sb 

II1I (N) S.278(51ilR2034h10I ) - I 
Ml,1 - I 

11112 M .3.hS)112107111()//S.235(S) I 
II.I S.235141,M.15(S) 6 3 
1115 .208(S)/1R 1487(h )//M.23(Sl/M.291S) I 2 
11110 S.2,.HS1,1I55331R )//S.235(S) I 2 
1117 S.2 1(S /IIR5533R)/iM.291S) I I 
1 II S11 I I211Si,',,!S.264(s iI81544M,//S.258(S)/IR5533(1} 2
 

lL:.lestaint, hS - SUtLC)ibWC. 

http:S.26-1/IR5533.M.29
http:1487//\.23/51.29
http:S.258//M.29
http:S.26,115533/lM.29
http:S.268/1RI.1871/.\.23/\I.29


Table 9. Characteristics of diploid plants induced from anther. 

Variety Cross 

11111 (N) S.278/1R2034 
(M)t 

Su%%con 278 


1112 M.30/IR2071//S.258 
Milvane 30 

IR2071 

Suweon 258 


1133 (N) S.258//M.29/Wx329 
, 


Milvane 29 


11B4 S.235/N1. 15 

Suweon 235 

Milyang 15 


11135 S.26S,!1R 1487//M.23/M.29 

Suweon 268 

Milvane 23 


11036 S.264, IR55331/S.,,; 

Suwcon 264 

IR5533 


11B7 S.264JIR5533ir/M.29 
111311SIR82I///S.264,R 1544//S.258/IR5533 
IR1544 

aWC white center. "%kt3 = white belly. 

Days 

to 


heading 


118 

112 

116 


104 

107 

128 

129 


105 

116 

119 


115 

121 

124 


117 

110 

114 


121 

106 

128 


111 

119 

122 


Culm 
length 
(cm) 

100 

64 

62 


59 

56 

49 

53 


68 

89 

59 


60 

71 

79 


91 

60 

66 


60 

58 

62 


61 

64 

52 


Grain...... .... . Am ylose 
V(a Vb (ns; 

(0-5) (0-5) 

2 1 20.7
 
3 3 20.7
 
0 0 23.6
 

1 3 20.2
 
1 0 25.4
 
4 0 25.4
 
1 1 19.3
 

0 2 18.5
 
1 3 20.2
 
2 0 17.8
 

1 1 19.7
 
0 0 19.8
 
0 0 19.3
 

0 3 19.1 
0 0 17.3 
1 0 19.5 

3 0 22.6 
3 0 18.4 
3 0 25.4
 

0 0 19.3
 
3 3 18.5
 
0 0 20.0
 

http:S.264JIR5533ir/M.29
http:1487//M.23/M.29
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Il-~Im illo.l 'ltLt tile ILcL~t killt tcl allt! It ~:IV~~iL1
 

I leito cuLlelIi o alhilloi 1)i:111t" I', iILCoIitle 1 c I IOtNCiIlI' III AIIIIIlCi I HI ILL. 

A I lintII S I 11t (.I ILLc II I [SIl I ' i I ItiM II I t 1I t~Li,I C I, I I Ii I I I1 ', II 14 I. 

i t5i6hlL l~ I Nl IL L tlllw iiIl lL ! 10ii pi tL (11 ILt.IL1 IllCtIl110111 d ii' II2I12,LtsttLI 

it ll I \ II i Ld 1iI- Il1 ;I11( 6). 111ll iic I th . Owd I ii L I Ic i oc [ h1ct ( i ti\ III 

c c , tlI I ILUIj ldII! jutli 1IiL IL I 

ii I ld ipIII It', Ipp;l I 111 1 tile Zd~ Li CI)ItIIll; \I I iI'\ L d CL 

illLII Ifoll I IIhti I IIi Ill oIl illt Id. tt~ 

Cot1 II Lxcci,ei 01 1111IC o I 

0(hl l NIWh\ ItIIII IiII IcIIo I ill,(m t I IIC IlL its1 ILL l\Ini m pt IItI(I IdL I It l ll t tII heIIm 

(IIr1,1% h i ttit:all 11"i l it 11 11 1-51 1(1-5)ld p ail lo 

4.2 93CiI 

Siux2t1i lt)ll lll~ic o ll h. \ l t 

till 11I. C l l A7) OI lil,11I 3II' 301MtT IX.5lk" HI 

57 5 t L IOI 5.6 

II1.d II\d Ithom I I lh 

hcm cclltIlelClitILble [lt IL IIIL l .o! d( hi~ . LILtlN t 1L , L,~ rice '\ittI0lgI, LLl IC A 

IIIM W COHII Iitd.1 ILLS-LdlI! 01 1lil P I 9.t(tjLiliC1L;I% F.12'ilt!"k" AWCLL1ilLIIS Il JII 


htei I IIL CeLIL\11011 Mtl 11ottI l'l .Y IIII,F.p![ c I
l e d\li LIt cc',IIIL rIL 

ahtlld 1)s I0 t1iILL'( tIIL )-)L ttIttIi IV L;CLCSt li:l lt 1eICILI( IC ILL \al tii t liIoll 

ItiIli I L tt(IL cLttiLl IItI IN t ~I L, It itLII lI\l IL(t i e ll t I. 1) I t om ItL\ C( Mt hCI~ 

It LTwdtIL I Ihic IM. a :IIt~.Ltp~ Liliai It liL CIl1ti U Iii hedn 

I ticid iS L d itit jIfitLLLLlw tttis~Li lisdeivedIL! an~-LILthecul lu ttie 



RICE. AN'FhER CUtLTUJRE
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v ,, 

RewarichIil riilce illhC1~itlJil 111llIaii Ilist Ill\csf ipted tilt' mccliamisi ol' plant let 

I it Iclii I c vd I \'c\VI anld 197-). .ciscdicc I I'tm.IIIL1972, h in cta it \nthu..i 
cItiling the hoc i li, w\Cic cit a bsicllmcdltil stipplestamge of" [ice plantis cujltturedof 

Iiiiclc \\id pilt Ilolclcs amid ColillC. tat mnal pircpaiit lolls. M1icrcsporcs in thc 
Ctilttn1Cc 10ImiT'te \dCrc CIjClcd Inituo pulats tittictigh alln filfiled i~tr\ step ofecaliis 

InhIctic ci. I lilpiflld \ iCl ciliidtiolilt h]itt COtClICicin tica;tmn)cluitand liccimi
/Ni 11t~ \(Cjrt lot btliiti2.iici scitCCHICl 

.\lateriAc f(11 liCC anither cifitmire 
(' 1cnla'Ind I Il (I 970u) tcst-d phiill pljucntiottcpctll coliCI\ lt lltimedL antliciS Of 1*i\C 

hauilddip .C\ Cit i'l(lCji ['ICtS. I teN.\f'lon tfit thce i'CqtoemiCICs (& I)oth Caflinsing 

*titttcis lplitit:"it~lapiitlli2cilri aile p ut 01K itiaL thoec1 an1cthc..eCrci ctchllo 

Anlcicl( kipoca cutluLcit If. 124, \\fit ai4~4,71' caHu o rate and ;122.11illlsig 
err ciiatim title ((Aw 7 o). .tic Aiilmes cc!intuical1ciI9 ,iitc tic eicto ctittc. lcs 

(ltjiimii i 1ttII lktilig-hluai -ltl:ti. 'InduI ltlmui \Nmtic I coinled nol 

CiIII l'sai amid I itI 1977). 

\coccNct all 197.;C3t~'(cntic ltn - i l ManNvcut Vi lintlts 110, ( lii;icicniie 2.12-d; 

Ilhri plants 112euseshteniII1iCitL' ldlili \;IiitICS siisc-IN)(iNWM amili ~Cre 
iqtit'it!\ uisetid ,1anthlci m.itiiec. I li Ifrqeicics ccIcailluts Iicliecit ;ittil plaiit: 
Icrt,it~crii cr thetse Illid l mate:IiIiS. Among 25,10(0 aiithes cut1R."lollC!IW inl 

ItlitInIII 241d CtittliC(I 01cii 122 (0.4)(7) [0omled calli. One liaploiti plaint wis 

ItII. ofi Blanicc 
I 11\k~cnIi cI w (1 

kc iclic llticiui A.cac ccn I Sill~ iccitn jcrccfessr, I cpcm inient ofi Hrotacnv. NcnuccitI 
~'C IuinucI. I iuc%%cc. lt.u 
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if I I4l4odIi/cd Ol 4111 I t.'.1i11 w a1141 h a411w~~4(I IllII p(I i g 44lIi42ill., i -1 I'4i. 1411 scIlI 

tcIIII/a lo4ll) I4Ilk:2dlllcd44 il4o4ld p)III>, ll'\ \i, 44: 4Ienical IIll p)linoli\1pic 

t ,.iI4I11'd I I I1LI40 \I 4>4.' f4i11.ipllIlv'4 .111(1 "1 '41 II II 444 I III-4I 4l /%[444I4I,I Il,. I h 

.4414I'.1 p I%- ." 1Ih I',i l, %\ 41 \( .l !. II.' iii it)4hr J ( ) ~lI(' " I~~ Illd tl 4 

id\11hl 1 4hNiCI 1 411 ' C Iti11441144b% 

.:;ilii pt m ll, it' %I44.'I'm144 I l~.I2!L2.41 I k k4 L'11'142 h 1411 

I:4klltht. >4211i ll411 44 '[44211 414'LlI1421'.14\\4 

Ii'l Ili l,4144 1, I I4CI4i I 


14 (2444I t> Ii I "Lk lk /L'. V o42 % l I 1d II m1441442
III(, ( )~4 WMUi' t1 'd414 .k- s4(1). 

11 I c'; % 4hl Illt I 't. I l% -:ill A. ' ii tlc> I41.\ 1i.Ilk,Iccp~.4'144 CI I44)1411I42 4444 1J1.4il 

IIIAilL-IlS 'hi 1%l .411'.Wfn'a .I i, I II;I )11 p.'Ij Ili t It-la. l4)114\2'41 , ' 14 I Ic I t,4I I H 

C4l'/4 l1 dil II4 Lld 'L 441.4!IC Cii'l14i12i4L It> 1 4 141 f 'l,I C141 '1 4'.II \IIll441 Il I.l144 1 4411 

1'(v 4. pil(l!I clI, ' (II III, hl IL-'.,C41e.I4I 1x i,' c hlcl1I IlhiO ' L . l 112 

.24424 I4ILIL.t>,44L441LL ~lll.i. *I4.4>411 41/4h PO 0 >1ili11421442414 III 1 ). ,'n 

CI 44 c i 4.141 d 1 I l ''. . 114414 .41141141414 I 144 111' Ill C 41 1 1WM112l( C%\ 44Ill I fil ( 

I )% % I. V iil I I. Iiir 

11?,.4 4 1~ .-li2 11 MWli' 11 ho41 I44 ' , '11 Iiiiig 
itl II k i. w w () 

;1ichull 11424.l 4 i 1>4. 1111. \414 


tie w t p I o- 'i" ,I1 I) " pp IIl .dI \\ oft1en
ol l'ltIclIk i-I.I41I III ifI %\IIL4 IhI 144il1 1114x'1 as 

li. Ij~ici 'i fil4141( as14ti4i114i4l1.14v1.1144'1 lit1 ILILI 1411Icl, ILI-i 11141k . ,cs% tim l ei 

I.I!,44 I l IIII4I: I CIlAd ll4i4.1S IlI4\IC'. \V d)4lIingi4If) L4'L,414)4 Iltl i )1';11 1~-i M i 

t4I 4l , ) IikI .414,14 4111 t'lI' L )X. i4,I illw Ll'L4-. 'I 4L' 1 1 . l 444'IL 1(1 
1(11N )1 I lit4441 )II~' LIII 11114.'I>411L'I.411 1)M cI 4 411II44IILL41 l CO \ I e p 

il.I flit' %441 \\ 1966 .2.)I4,4I '44'4I 14phIl!it-\41 llw44'. it4)I4'..II 44114.4I I j191 ) ilW,4. (It", ) 

II.hI'd It!, J>)k,4 i1l'11 L 1''I1..'11 W l 41.414ikd d41 %I14 1401 1', (1.1 I 4III)4 .11C at1! 

I I24441 k II''\c ( f ': I114444 I1 L-il'i 144 (iL.411144 (1314.I42.4:In )m mcI'd.4 NP'ic 11 

1II4cli II II' 141 INI44' . lC4 2.
 
w k. litc'..1 1,1 1 14...1 Im444i4441 Lt '4114 I424)tl I I '4SI ile a

14. I I.,4I I .444 I ) [I . t NI , , ;II 4.'i11I;4 N A'2.'L.l4441\C ir. 
wi owo4l Im;44I41411.I 

4.44, 1 ' 4 I'~~ I 1 ~, ~4 144,' 11"al4.'IIL14i)41114>1 I Jld u I14 41i2Ing 

t I 4 L4'.I 1, 44444.'141l.4141t I I't I.44I'L II I . 1,1 I 11IcI I44 ' tI4I>I.I II 6,II 

m.I w kl.'.44 I I,4 I)14.t. k IIIcII II m 

,14((4'1444 41 I'I 1 4 4! 4.'! I',4411(1 1,4>4 j4 I444)1L4'.]444Cl .II 4.44I iit L 

t i4it '.44] .4144'L~i'4i.44'41 4441 Ih' 4.41 44.4 III42114,1it In O1C4411 

,4414 4444.t4 4 . 141 4444CI144CiLIil4l4IC4l44, ].\.4.I14I.,421
 

1.44114~tIll-41 41444141. .4I> N 2>(I I ) i I . I I' 442211. [ hl 411 
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tioll. I tf\ tr, he (Illicit'nt-C III G f110110ict h.yfi 1111ll Cointi111Icflts wasIli 11C~ititW 


fiH 11 11il ; "llc IIII-II \\iII I ' hIII 'Li I.' oIIarental material
l 111 I)C I1W ~e I' )\Jp 

( tdl poi kuh iii m iltl Ia'.llgIl ln.' of 

(f11t [I oi, ld ( ( 41fC~', -16t ;ilIi> CiiIIIIIC~ 441" 12C IIIICI0.'1It'I OFIiiiif maul

!,md I \ls-, tfji Ii,'diii r'orlrim liliie I 11ie 24-I) lime. ( li44il44.4fifiC ii1uii1hMi
 
111i if tilt, ' ldc(11Hlit'-~ iialiii , 1iii l (ifi that 24'71 4 llit'CHIilfi' NCT't
 

tI I I tI I kt, d 1 III? iI 4), 11[I le M I , '. IC\1C I44Il'. ~ I C Hillt iuh 014,111V 

, Cl k4'I4',tIiILIf4'4l1 't441 ilk.ilk'\ 4'!11 11W4' it hfIII fl I u illatj[oil o4! if loldn l iIlis. A\ 

Ikr:I1 1 \1 1 - cilm tll -1iC;11\ hl ft'ii414 141i l I lilt 'l ( cwC t'111 I t'\ i d"('' 

iii 1' ( nii- a '1'iii Ill I I Ii -11 fi1111-c" ll t o.'lctit t j '4 l1 ' (ii. Ill. -hi. 
I 14) ,fttt''full l( h 'Iil2'J I iiin41Ct'LI Ill 44tiitlic Imli itii. C h\ %111( \%:I,, kl 

it'J4'1li'.' ' '"1l1111 t llffi4S4fft cell, II l illk jpicsCt i ll theid liiillllf CL 

ICtlH,)Ilk i ii II b'ti4fl'osi t ii ~ ilw~cd lilt 1,ii1 ' Is Isi 

lh~l: lilti'4 Lt il feplit'tiiarI- II 4!Ii'l th'I\4il 1ld4idil4 lllii, fli:if~lt [Ile 

c Indfil~i 11 til b11il ;i ''llplt'k,1 mI vi411 ' liis it te Clls t'cl ill Caihericell 

1 1ftk Is I C)h' 1 M t i inf ii 11J fill( if k dfidl limif this ce'll I1' 4 i hi 4,441111iii Ile. 

Iii. t i: [IiI I i;Iit it i11 1f t ;!I c Il fill I l tIeIcells Illh I i iiiiuit Iie issed 
I ;till. I 'Il I Ct i L54,'(,1tt I till ' 1 1! I)i 1 I (lI;t I f-!I I Hl illo If]](11( cclICII iii]Ilpi ese t 

I)',1t', It 111 )1;11 ll' H. 1W sf111iis'\1fi fi'~sip. tCs 1ititiilti)l ~ 

ii :0ofktu md fIM Clitlil 11 cell',i~ Sm titfit ili\L' ;W4iili fSu. \Vo andtilMU 
t'')ti I )[, l itfs lit , Bckt iAs i -l\ ptheifet,I ii.1I ii (tilin de.1 h l Il er 

'idn 1 l~lv I! y irm,ilfhllt k-ikuiii 1ll till44) 41I( t'liitl sfai lolt \s(i~d'elcoco sh 
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An,21tl~lt ll,iI ifli .I'~pk~ miJ141plwd.1 (d \(Ik d \\'44 ,V(4),U CllId " 
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H(, Pill 1 1 

11W Ilcl 'Icl-'rcptioll was oh',cl\cd IH 

IIIL: "llb "c (ilic lit L I I t ' I . I i I II I I I I, I I I,I i I i I I I I i I I I I.-i I I I I I L. I 

voll'. I hew %p7-L-tt.-d 11mlllcl phill, llwx hkvildt-m cd Ilmll IIIICI()" polco, 

)I Ild-ilid pl;,Illt, I hc]I - Ili ( 'III it lil- 11111 11M ', IlAo, C (I()IIhIL-d '\I)( MIMIC( 111"k (1111 Ing 

I I , , II I I I , , l. , 1, 1, t I I : 11 1111C I ctl;w w 

hidoi(i-d imitmimi thrmigh iRr- .,-r culture 

111ohl, 'd IlIll! Illml Ili[ ;I llc\\ 12k.-Iii, "wifcc 111('111ich illc Iv(-I Illph"Ill. Iiown er, 
hm ,IIwca lilt i-,t- c\ pcri lilt 11ta II-IcId itndill 

'AI IP-ld t.m k "Ic Ictil; It'd to) iclvcl l to\ Illulaul pllllits 
I III I lUllit" I III to) .5 -1110 II.VII IA 1 110I)NITI 115

l'i'llt p''ilt-11 't h I I Ilit -k I 11:Ick I it It IIII II I, I I I !.,it I11"t itlit Itm ItI L I I c itIlict:l"L! itIld 

k If 11 P''t I I A-11\%1111It ?I , \1 I lctllltv' ill(- hilliIIIII-, (d It\ptopliml to Him"Icl 

Mulaill", th;1I ;Ilc ic"I"Mill 
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Tait, 2. Yields of' andIier-titrived hlybrid comiipared with tho f'ifuric paret. 

Va;rictNi . 9i(78 11 197 ) 1 1979 11 

t/Iilt tjIltt 1:1 

77 A(-32 1-~59-3 2.81 123.2 4.32 (4.4 5.07 82.4 
771AA321159-1 

h §l2.28 

3A42 I O1 
10 (.90 

4,141 
f. 72 

70.5 
1090.) 

5.67 
6.15 

92,1 
1001.0 

plaliliitpocrs witilc lire conrtrot 'ljt liilitil 5 t' heavl'. ti1Ie With theC Iest. 
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()'.4 it 'I t(),til Yi it ieC 1'h'tti t 981Ia )
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Il'.1 illImi i tt l it tih .I It il i
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cdIi m\ltl 'siIiNt \fill 'btill~eit '..tul;ItisA ideet C a0illiK llltl ilt. 
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segregation and low fertility "lhere defects could be overcome through anther 
culturc and diploidization and Ile a realistic breakthrough in breeding practices. In 
the meantime, the methods of backcrcssing and selfing also may lead hybrid 
populations to a honiozygous state. The genotype of pure lines would then be close 
to the recurrent parent. But the likelihood is that no significant gain in growth vigor 
can be expected. 

Induction of cellular mutations for enriching breeding stocks 
Cells of callus tissue may serve as an independent unit in induced mutations. Anther 
calli could be treated with chemical and physical agents and screened for chemical 
mutants on nutrient medium. A great number of populations could be narrowed 
down to a manageable one. This screening is somewhat similar to that of micro
organisms. This pra( tice would overcome inefficiency in collecting a few mutants 
from a large nursery field. Applications along this line could be expected using 
microtoxins to screen germplasm for resistance to such diseases as sheath blight, 
which is not preserved in the present gene pool. 
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CEREAL TISSUE CULTURE
 
AT COLORADO STATE UNIVERSITY
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..
\ inlir pt')hlent ;ncercil tissue celter has l'cettn that cultutrcs lose their rCeenerative 
ibilit i, in a matte t mohshl,. I ocircnt\ent this prlem lt tirurtat ion select ion. a 

ne i,,ttcu, It rapidly prodnece a largc popnl tion of cells. I-roni this large 
p IptllitiI ) 111 Im nt cai selected p lntsI. p:lt lIttI( itdtlUCCd {IlI cellI nC Id 

1i1.it t l+(,11t+l -stie. of expelitclts attlitpts u m. A CS. tile first I i illli/c 

C i. '-.Iill I.lollItim c vu1ntinatiuu \ iiieditlI tus.ll)i toot t arvinet_ cousli Plant 

- 'I.,,.' ntlllrationl o cl celttiatillil iof appealI ,ad coe. o. lnil. antlld s, to he 
'. I\ ,,lilltilllt u,.i blc,.. \lte ations inI coelclul itiot s ol IlacrotllIItriclnt 

+ 
01o" 

'I uhftit ttzus. il'\tt or altillno alcids>lli it itt (+ ilts. hla\c lo "ielificitlt
 

I( iL;'d ii i nducti ff prt1ilt\ cai l ;iIsi,tIscauIls d tie best ,url t (d1.eilit out 


',+thmlLl ri,it IL\ te uict '.' tl~i Itiiist dictti . I hte cliilu tril titlods seett pi c 

IIl I Celut, hill L t. icrI 	 Ilt iiI\ k'mi ll , ilt cell, ,dll,lic,, 111 , 111, lls1 iI ci,, the 

d k, Ilii It t i t I,i t LI L',. Ct l ltst,it'it,t[1lil i t: ti cO. 

Ili\",I I.',I< l l\ 1,,I \ 1 P'\I11("\I \ 1 1 II 

l, 4:.:t unli 'All'it tI,,utLItItiiIL'>. \\ttitd thit ',Ihuitc.I titl S l tustt teC sl tcatlilv 
t1t0 Iccdl l 'ti Li ptd i, i r t nimt in itt the mil ie i, iIIli titixiln iil cdtlin. 
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HAPLOMETHOD
 
ON RICE AT IRAT
 

AAARYSIE A\SSI'LIN IDF IBEA.\ILI..I 

'..,F
 

0NIe (I PAl) irrtLtiCS into a 

method for increasing the rice hreeding prograinr eficicnc started in1974. thc 
cllrricc frln a sereCgating genCrtation is strlOttiitslillicult \,llh it pedigree 1nethod 
bccallc od Inceraint Clirmiatic condition.. \\ iltie lhaplurlnctllud, planlts call he 
tested Soveral 'ears bel the choice at I;iplornethotd has 

Ihe Iristitut de Recherrhes ,\r nonitres lrIetlc iCew 

re it,eoreegt ing poptlatiol. 

_,d ipjity lm exphritng crsses aid gooi SCIllil illthe Jo)ce.
 

\\ IIMFR CIA' WII' \ND , I ,ANI Pl.(d.\1 IP \ Il()\ ,. 


A tempcra t e %aricty.(igalon. pure line, was used to tsl '01Ch1 cxperinltlal crndi

turns a, liht and inIduction terlperi:tUrC and culture ruedimul.\ rldiJed Millers 
medium vas chown. ,,thtituting a Morel ,itaniin 1wr a trudji me an! ,,upplying4 
Ing AN,A liter in tile erlrhrvoid aurd c'allrs indUCrtin rIrctlMrrr and 2 n111kirlinf) liter 
anid M.5 g A liter in the regeneration ruedinir. 

Anrthcr, ml dileeClrt nriCrrrsprC stages WeC plated oMthe CtibiC tneditlnn. I hc 
bcst .,rage for haplidl plant induction \%as tire CalIvunrinllccre (I bhe ).Pollen 
cells started to di\itQe alter 2 days anld ease small crbvids o 12 dQAr'later. 
Ihcsc cllhroids cone Ilmtn the gereatis m e c ctrti\ cel 

Almtr . callr %,%hich dilltld in comt arrl were tl+cd.wccks. ,rtall 'tllllcvt o lsr c 
(0 1 r Mlre rce!rrlCated pluirrtlt,. ',brtout 15, + o11t1tri lbirro. Ab tl ' aphit, 
l(0';diploid, and 101; triphuid and titi.,Inrpbrid plantlcts r1,\ bccn rH0tairrcd. 

the ckrhld Ilmphoids hmve been rbsers.cd itt the hchl. A.h. t '1; (rithe lines 

'1', tiWllldi. ( i ' , l - L" m , t i l I c t " i l ti r . , . . 1 ' ,r , ci 
ti t rI)\l. t l~ll+ , 
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Calli I'lan tlet s 
tm wula t.'d 1'ivillgv C'AllII', 

N. No. N, . N. '. 

micropic , 421o 126 30 684 1612 43 10 
Middle unintwld.'lte 

Iniciroym)rcN 480) 94 19.5 530 110 4 0.8 

I ae uuicmlclutc;ic 
MiLr)prLCrS III .421 - 8 1.9 21 5 0 -

I ,t 1320 228 1235 47 

lable 2. Plant frequency htaiwed by anther culture. 

tG;reen
plants
A nlthels Plan tls .. ...... .. . . .. . . . . . . . .. 

S11,.) (no.) N(o. Onibest 
,r medium C:"; 

Mhor,)hcrckti,IRA'I 13 
A 1780 10 9 0.5 (1.9 
I) 4122 34 21 0.5 0.6 
' 1530 34 25 1.6 3.5 
I 1940) 34 16 0.8 1.8 
I 1980 36 17 1.8 1.3 

1, h unit 

15 .1.\('25 Mid rWil)l(cill Cro',i,; 
1 492- 162 56 1.1 4.8 
1 520) 90 41 0.7 2.9 

I5 %11265 
272() 76 32 1.2 2.3 

lRI II) /1/tmw Slcn I 
RI 3136 277 65 2.0 4.8 

I i t.1
 

I1 960 -- 56 5.8 10.8 

1824 - 105 5.7 9.2 

2132 - 21 1.0 2.3 

960 77 33 5.4 16.6 
:" ,hlllt',Ilot. andlivrS'.of)l ated1'11 


11liICId Ir1n hAnId t. l prvc")city or)tardifIcsSand iI lnglth( (d i, line)tI rwidth ol 
S11',% l ilhiliI\' ctt1 hc III sim)Ic Ih:Llr'ti i lnthcr culhurclexploring cr()sscs. 

cI11I\IIM I cRI hc11 111,1 Illl lll Ilm i 11 l "' m c 



IlAI 'Il.\ll 1111)1 N RN I'Al IRAI 97 

Table 3. Fr:lequency 'gfCtt'll plants accordin., to callus lype. 

(;milftlilr Su il)lh (;ranlular Slllo)otih 
Irils luctetlt I1 lmlN111celf while white 

o rorck i/IR II I 

A 2.8 1.8 2.7 2.5 
II 0.7 0 10.1 30.0 
C 0.7 14.2 14.2 37.7 
) 1.7 15.3 17.6 25.0 
1:' 1.4 11.5 3.3 21.7 

F, hyvbrdld 

91 5/IAC'25 and reciprocal cross 
I' 1.2 5.5 11.5 21.7 
R 1.2 3.6 21.4 27.6 

915/M 1265 
," 1.2 12.1 10.5 25.9 

Kiyosawa scale varietie.s 
Ipin 4 

Pi 2.0 7.1 12.5 39.8 
FTrride 

To r 4.0 12.5 3.1 19.8 
Aishi Asahi 1.5 2.8 (1 16.3 

' Ial' 4. (Ihar:icteristics i1' duhlcd iploids Irom M m-,d.rekan/liA" 13. 

IItadill I*,ipenint, Yil I Plant 
duatiot dtiiatio (l/hl height Generation 

(ldays) (la') (ct) 

I) 2 j 102-115 1(15 2.2 115 111)3 
l2 [, 112 -15 2.6 105 111)3 
1)15; 98 1I,1( 3.0 90 1112 

fllh 2 IS 98-lo I.10 2.5 107 111)3 
(I, I 1 98.1011 1,1) 2.9 1(05 111)2 
II, .110 111 141) 2 1 107 1112 
Ic, 1 6, heck 98 1.11( 20 105 1:6 
IRA I (eck 98 141 2.0 98 

I i A\ I . '~,mic I. iN brids 1I1rt1 t CC dilItIClt lCr ssLs. ;11n1 ,0,1, c ValctelnS Of 

K% , Csa ' \,,tei tr'd as imlithe! sIlicc,. I hlc %;t,,gret dive'rsilv alliolg the 
t Wt" ( I itble 21. SUiClO, c ttcctltnltiatt. p 1, antd itmineral ltrielnt wCtc used in 

ti' l ll 1 1 cWA OW 11 lllt MIi1 glT 1 ,ltt t:,. I 11C( IilleC., 1leldii n) N ,111 tlI t'11 lilt' 'lt'1 

;\5', ".,ILtll bilt-l thian 1 ih 'K iln\t\t'I. t Illl1tlbCt (t aihlblno piltS illlceased. 

lnleC l'illml 

\l ,tllil~.'[J l lt ,) ltl~ l! did',',W' L'l;llM 1l;tl tlilllltIL 'l'.. l t rall,,lucent, 'Tl tht~
 

I lc ,'l.kc.ll cillt£,, '+,iuCMuic d ld I MAec ic liti l \%,a" Stu liM . Cilli 

\hltt' tild, 1 '.' l~llt~ h i t. ll(.. q M.1.hlh c;J11ll h d lthe hi l0hc'.,I regctlerationl late 

1,1,,ui1icd hl:ljhmdl im "t',()h;,lltll'd h% a lt c L-1t HItu' fI )III tHI %'hllth ,I_'kall 

', ht'nl dI !11 1\ ' I edPt. 1 C1 , 11h. 1% !L.',It, \ ( 0&0e 1Ibh I-1 ,01(M W il', lOl the'(1h 11 

All,.\II . hi th'I n I ic , h'A k,.,,.I11C i,. ( l ll, ll('ktchctl,. h h lt.'c t10 1thu IR A I Cdil )7. 
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1) s1A2 0..18 11 9.4 
1A2M I1 78 0 - - -

N112r. 1) 1 2(0 (1 -- - -

II I)ibI h pli1,1)1,,Id 
1) , \ I.X(25 73 4 5.4 38 52.0 
1A( 2 ' \ 915 21 0 - --
N11265 ,915 02 2 3.2 42 67.8 

Ptl irlc 
M 20)2 0 - - -

I RA I I 125 2 1.6 41 32,8 

1 ll 698 9 1.3 132 19.01 

F'X iilieclLitaifl WiIS StidrtI Oil tiliCCUMINtLd MICi\ 111ic1979. Wec plated 698X 

ovaiie~ oin 2 mediai INijilcr's anid Nonnker). Siinic iicie I l3i) iiiiwiilile( oil 

MIaHer's medIill] ga %eIlaploi15 O fILIItd 111I 5bl'111IIlIOi\CaseS. the plIIIINill'CCHi . 

\kcI~c ditiI Induced It~LC( tile c It iolict liltit \%.ittri CIL' IgallictIilhl\ i Nit c~ilflti 
tihsei-ved hrst. M~lIie thenl 1l~elcni2ai1d lilt() iiii'Ajlilk. I Will i hd IIIlJL1l(01. We 

olainerl 132 plants liou 1) 11r~eI), 

(--ill seed \\Uls pio(tic~o Io foilte \1iiohlickIim I RA I I ;clos ill Oull 3 ye.ars. 

I Irux'ever it w~ill he nucessarv10toallisi (lie uIIIIuIIheu. ohliiloid plants I1CLeeSsaI\ t 

Iave real m-curItY III file gCeriotvpc Liii ice. 

Cu'Llture' OhfrnIC-CIenrulare(I OivILeN 6, ;Iiiitlh-1 Inteciuiii 1). ieediir No albino( 
jili: Is were [ifiri nced in) 011 ex pel II elis" 



IND(TI)ON AND
 
CRYOPRI,',SLRVA'TjI ON OF 

GENETIC \rARIAPIIIY IN RICE 
Y. P. lX 

(Ic'llttitc w ith ctitim Ai rh nt il l la s,i
trlw.,lm l, 111L.'Ic'.m' yp c l nt 

C' 1lllitll11.11t lli+'ILc IIp l l ' t t . d w ccl, tIli(IL+wo 
lltl'Itd]titil rlt,+Illlillhl t'1 l ll~"+-,tt'h;t't'ltlililA'". , ,, u Iill m t lt il "p ,l, ..

IIlw\I,",c , , I i \liF 1()l c lit'lull\l (IIl', i ,t11 tit Il,ili + t\h 

. I IIhllp llhl I t I' ',,I1I'm ',All II l ! Ic 1, . 
" 


Ah t l+ ',IIII 11A l' Cktl 11 ' ,i ll[.11I . ' -lild! IIIl ' llh l ii,! l \ <%1 r h". ;,~ / ltt ; I . if 

,;'li (,l1 ir l h / ,.Il fl ( 11~i P )l* ,.lit'liI , l !P ' 

' 
t~tll'!t il~ i~ i i k l ' .1 I it coliiiIlc l li lcl i d ltllc'C , l c t' clw lw l l llq lt 
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1. In vitro rn dlliils for i t ilon of g.noti.c var .hii ity in rice (From Bajaj 19791)) 

raised oni different mnedla aiIe sun marized in Table I and Figures 2 aid 3. 
The nature of [he callus. its ate of' growth, texture, and color were genotypically 

oricnited (Tahle I ).Iaslat i 370 gave th -best response aad its inesocot'l yielded the 
maxilim callus. 

Ixtcised embryos hehaved soincV\%hat simuilarlv. \Vithin 5 days, the enbryo 
enlarged Consitl yh. stjdr to proli fetal e, and I'ormed ;i callus. It underwent 
V1ai'oluS inModes oftdifherentiation, inostly hiogetesis. bill occasional (3-51'i) fornat 
lion of plants was also observed. Tile enibryo-derived callus and tlhe regeneratec' 
plants showed a \\ lide range of' genetic variahilitv (Fig. 4). A sitidv of 796 dividing 
cells showed that clli were prcdolinalitly diploid (2n - 4). 11owever. haploids, 
polyploids, and aillcuplirds wr:C obscr'%ed. Fhe number of chroiosonmes varied 
fiot II to 00 Ma.iaJ ami Iidani 1980) 

,ldlispern-(hrived callhis and plhilts 
hlre was a striking dif,'crcnce ill the growtll respolse of' explants from imilature 

and mature endosperi f \ftarlous ciltivars (Table 2. '1hle endospern taken from1 
voti iig ,., Ueedsliderwenat two inidcs of (ferternt iiiin I regenteration of plantsdirect 
w oithouan i[itrvtlni ttgcallus phase and intiirect regcntleration throtugh tile differenti
aton of callus11ov. \c'r, illiltuir.C cndospernm proliferated to form callus, and plants 
dillfereniiatcld I 4-6 wcks (Fig. 5). 

Segments ofl ai ulieltidos nprnl reared oil NIS - 2,4-1 ) stitied to proliferate in3-7 
(Ilas an1d a mass of callus w\ns ft.ied it- 4 xeeks. Rhilogtlcsis was observed 
Occasionall, itll me Cltures, but there was io shoot formation. The callus was 

lostiv nod ular, soft. aind cieatinv When trarisferred to modiied NIurashige and 
Sk nig'st 1962) ted iii tI, designated hert as NSK med iuill (NIS n.IAA 14 ig liter] + 

kintill 12 ing lite[lb, it difftriit iated within 2 \\ceks and cotnplete plants were 
oblalned in 4-61\%ceks. The triploid plants thus produc(d showed broader leaves, i 
filStr ritle of MITI 1, IIie enlbro-dlriv plarUs.w 1ndtillh ring than1 d 

Ill v dillon :T tiiploids. i largeI vilation in tile ntitiibher of chrionlosoiles itlile 



Table 1. Response of embryo-derived callus tissue cultures of rice cultivars on different media (Bajaj and Bidani 1980). 

Cutiva r Medium" 
MS + 2.4-1) (2 .mS 

MS 31I56 Callts cream, growth (allus cCarn "r, wth (.aliN d:rk briLs,l.last Callus cream, growth,,,drate, roo-ii, growth ver% Siow fts. rooting withinm.i week cek, shoots in 2 
Basmati 370 Callus light brown, Callus ligit brwn, Callus cream. growthrowth fast (lus cream. rowth,rowVh last. rooting slow. rooting in 10 v-ry fast, rootine zo 

days ithin a week. 
1tM95 Callus brownish, shoots in 3 weeksCallus brownish,

growth fast 
Callus lightt brown, Cailus !ight brown.growth very fast. crowth very slow rowth fast. rootingrooting in 9 days l ate o week 

af t e r , we e 

0 
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2. Regeneration of plants from callus cultures of rice (Oryza sativa L.). 

Induction of callus from segments of stem (A)and root (B)cultured on 

MS i 2,4-D (2 mg/liter). C Mass of callus obtained from an embryo 4 

weeks after culture. D. Rhizogenesis in callus on MS 4 2,4-D 

(0.5 mag/liter). E-G. Differentiation of plantlets and multiple shoots from 

callus subcultured on a medium devoid of 2,4-D (Bajaj and Bidani 

1980). 
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3. Extent of callus formation by various segments of seedlings of 
different cultivarF of rice cultured on B,, (2 ma 2,-D/liter) medium 
(Bajaj and Bidan 1980). 

f f'rc tol of cells 

4. G iti: vt,;iufl,,,V mi im ryi dl iI (:;iliu of rice - data 
ba,,d of, ,'96(iv'u I 11' 1i1 1980)i R hrl;l 



Table 2. Response of immature and matuie endosperm from rice cultivars cultured on different media for 5-6 weeks (Bajaj et al 1980). 

Endosperm a' from 

Medium Basmati 370 IR36 11M95 

Mature Immature Mature Immature Mature Immature 

MS + 2,4-D (2 rg/l) Callus size in-
creased, small 

Good amount 
of callus 1tkr1nLd, 

Callus size in-
creased, pro-

Good amount 
of friable callus 

Creamy callus 
formd, no root 

Callus growth 
good, brown

roots, turned turned brro n duced many formed, turned formation ish 
brown roots brown 

MS + IAA (4 mg/I) + 
Kinetin (2 ng/l) 

Differentiation 
of plants via 
callus 

Direct and i:-
direct reeCrnra-
tion of plamii 

Diffcrentiation 
of plants via 
callus 

l)ircct and in-
direct recenera-
tion of plants 

Differentition 
.)t plants via 
callus 

Direct and in
direct regene
ration of 
plants 

MS + YE (4r ) + 

2,4-D (2 me/ID + 
Kinetin (2 tue/I) 

Increase in callus 
size 

Initially a small 
attount of callus 
formted with no 

A sinall atnount 
of callus formed 
with no further 

Callus light 
brown, growth 
slow 

Increase in callus 
size, brownish 
black 

No response 

further growtli growth 

030-49 endospertn explants in each medium. 
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5. In vitrc .nF, vf of plantS ftren ricoe ndosnonnn A Erajosperm explcints. 6 days aftern~ciilaticn ti %I,", 2,4-D,. showing; tr. ntiatcjn of c:alii, Iceooanawsl R Profuo pfoliferaltonano roOWICwl 11 (cdlu 3 wcek; afffnr ;cln q NIMS ntFD D'Ifferinlran of planludsfro ind fIS r t - 1 1 fcd callus of oniltivar Basmcin~n-370, 3and h after 4011 ilOUcnuMS4:6ek 
inc-don~~~~~~~~~n)5woot'itn n er tirsenIl soil G BOo! 14) squtash fronia normalOnn1n~oc trsecOp cl n 2. plnt HFnom, n calu Ci'il Wch *cpli fInber (3n 36) of

chnccinc~,,c~c il 198)3OBcnc 
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8. Induction of grot rthand morphogenesis in excised endosperm and embryos of rice frozen in liquid 
nlitroqon A. Frozen-thawed segments of enrlosperm 4 weeks after culture on MS f 2,4-D 
(2 mg Iter), initiation of callus Ba rid C+Differentiation of endosperm callus into shoot and plantlets 
after transfer to MS -IA.A (4nm(j liter) - kinetin 2mgliter). D.An erbryo excised from a frozen seed 
3 weeks after cuJlture. showin root formation but suppressed growth of shoot apex. E Norma: plant 
obtained from a frozeenembryo F Transfer of test -lb#.,plants to soil (Bajal 198:b). 

Although the revival of retrieved cultures is rather low, it can be Improved by 

naui pulating fiaciors affecting cmaoabilit v. 

Morphogente is in frozen iinlhers 

'he progress tnade since 197(0 ot ;n vitro productiotn of haploids in rice and on 

cryobiology of plant tissueceultures)t Bajaj 1979a.b)supports the content ion that the 
technology of frecie preservation tnay be useful in tileconservation of haploid 
gerrnplaslM. Ilaploid-cell cultures are highly unstable. When subcultured, they 
undergo various chromosomial and ploidy Jhangs' that resultin genetic erosions in 

the stock cultures (D'Anato 1977). In view of the importance of haploid cultures in 
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iLiIW 3. F (TCkc1 siidiicii (IeCtiil2 ( NO C)(Il skeed', c\ci'-ct erni-yos anid ci iusperii i t' rice 
3 N% (iii ulrn i 0hj;jprewrt I'dfr (-As II IiId (lfI I 'M! If))." 

( iroxvtl 
(~~~~ olhr'I)ll kvnil) 

e 198' erLiinaijoi 9(1 v'crmuu~iiul 98 
tIn'kII kCd ICCd 104+ gCruliliiitioll 82 cc uuiMIIII 87 
fAICked Leuihr,\()k th 1 86' grew 7 1 m'i , Allim'd 83C111 , I 

pwioll ofenudospCrml mid dvclopcdl NIlclr 
st'iiiciits III Illaturc' 10; callused I I ,pr'Iilcimcd It (68 

'Seed 'criminated on moist lilter paipcr ill a petri ili. I~iJed~c~eudojirui, andtIxoe 
15lilItii111ruj oil MNS D);it i used on 351) seed',. 92 LIehloKed sucdS Mid 360-i-2 iuo' 2,44)3/liit. 
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Ilutait in, btIc'hc-nfcaii gencr c'., :nIII haphiid b['ciic [IOgFIaI., It IShighly deSINI-C pF11 
ill'hdt C1 p ttlt11111.'l [IVAb l IICII i2CIletic "tock' Carl 11C'cols"Crrid. 
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I IL. llo\1'lhwllt l '11d 1 1)/!!1L'Th o (pi! auvll (.11 m u oitit) an 

t-111lw tmll -) kc k,(I ii W wn ta wiuii ic to M rytkirocros( 

sulcrose 15'; 21 26 
Glyerol 15.; 24 29 
1Sso 0, 31 34 

,,~uN (S)";) + Glycerol (5'); + DM50 (5) 39 42 
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pflamnts, fort should heconcentrated on basic research. 
One of the main reasons fIm delay in the use of cryogenic methods for the 

long-term storage of cells is the low ratt of'cell revival in most crop plants, combined 

with alack of knowledge regarding any genetic changes taking place during storage. 

Multifactorial studies need to) be undertaken to find the conditions responsible for 
that no genetic changes occur during prolongedhigh surival rates and to ensure 

stora ce. 
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