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ABS'TRACT

Gannna i.radiatiou was utilized lor ioducing mulalions in

hanana r)r ri r.). f;ssue culture techniqucs \ere uscd for sclccdng salt

lolerant lnutants. Inrmcdiatcl) alier a sLrbculturc. e\planls ol Crand

\ain . Gros Nlichcl and Wiliiarns' banaras rvere erpo!€d to'10 or

60 (j) gamna irraClation dose using Mcga-Ganma-l t)Pc J6600

cobalt-60 irradiator. Explant. dcrived iiom gamma-irradiated tissues

\!ere lested lbr.adro sensililil) Radiairon scnsitititl \!r\ asscsscd as

percenlagc ofsuni\a1. nurlber olthe prclil'erated .hoots. sh.'ot Ienglh

and sel and dL1 \\clghi\ of lh. pn lil.raled shooli. Th. siudied

banana genot-\pes e\hibil.d \ariali.,n in radio sensitiriq lvlutagelic

treatnlenli caused norpl,)ldgi.al \ariant!. Thc mosl obvious onc is

albinD. I:.r srreening nf selt.t,rleran.e atter gannna irradiation, ea!h

e\planr \as.cnsidered aj i mother for an ind;vidLral linc. /, ri1lo

raised sllo,rts of each line' *ere tcstcd fbr selt-tolcrance in ncdia
spc.ifl.rll\ lormulaled to joduce sall stresc u'ith sr:lcL:red levelsof
NaCl: r:).1i.015 or 1.2i%. Amonggamma irradiaaed tesled llnes ('l
'Wiliiarrs- onc rrutanl linc sholved eilhanccmenl of gro*1h lrails

compared $ith lhe mlrlher tissues undcr sall slress. Thitlircllas
obtained b) ,10 G] Eamma irradiali{)n. Sun'iYal rate of the 'Williams

salltolerant mutenl line nlaintained siable \\ilir increasing

oorlcentralior ol \aCI in thc nrerlia Lrp lt, 0.1596. Irihcen pcrcert of
rh,r '\\'illiems sah toleranl mulant line erplallrs suni!ed NaCl at

1.159'". NaCl al 0.:59'; had no significant et'flct on shoot 0umbcr of
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rhe sah murani line. lio\re\cr, a suddcn decreasc in number ofshools

.","rnr-n,o n': o\3\'l q:r'ob'cl\\o \a( lal 0:r0oqrd l' (ie_'

Ln ,t^,,. .n-rn 'r \\,ll'-rn' 'all_ro'erall r'r'ranl l;_c' ro$L\er \d'l
at 0.759; inc;ased the slroot length. No reduction in shoot tret $cighl

in the \\'illiams salln]lerant Dlulant line *as notio€d in rcsponse l':r

0 25% NaCl. Ihc reduction ir shoot \\cl \1eight of the nolher
'willianrs tlas ntore than that ofthc salt-tolerant mutant line gro\n in

media coniaining t1.75% NeCl Changcs in protein and isozlme

i\nlhcsis $erc inresriqated 1o proride information on the mcchanism

c,i t]r" ,alt-tol"runce o{ \\'illianrs' nrutart line Thc salt tolerart

nlulam ljne sho\\ed absedse oi one proteir of 116'5 KDMW tlla1

characterizes the mother 'williams' and mduced three other protcins of
J3.2. ?0.0 and 119.1 KD \1\\i. The clecrrophorelic latterns of
esterase: peroxidase or malale dch.'_drogenasc isoz)Des shorled

dift'erences betrveen thc sah-tolerant nul&nt iine ard lhe mother
'\ illiants'.

Ker,*orils: banana- ganhld irrddation tnlluci]'tg 
'ilutolit'ts' 

in |ittt)'
s ult'1 a letdnc? t i.\s w c ul1 urc.

1. L\ I'RODI CTION

Re.cnt de\e'opmenl. emp r:.i'e th. pol<nL a ol tr)'1; ii'\r (

culture as a toot foi genetic improrernent (Piepho and ranEeur""ilk

2001). Urilizing tissue culture techniques tbr screening and

JE\elooir,c .dltr, ,Jrdrl tariel:L- ha' bcerr increa'ini r'rpidll t ) al

,,,8'\r t;er<n( . nrrur.ol \r/a i.\Lrtable f.r Ll'c appl;cdrion ol//,
rlrro inducing mutalions as a melhod olSenelic improvemeni lNovak
pt al 198'71. Nlutation as a suddcn change in the nucleotide sequence

ofDNA- night be crcated by the application ofgamma inadiation; one

ol rhe physical mutagens (RalDs i993) /n //o irducing mutations

b} gamma inadialion- allo*s the quick and eff ienl screening ofa

tarsi nun,te, of mutanl planls (Domingues el d/ 199'l)' Deleloping

reiniqu., fo. selectiDg tarianls und€r salt stress b! monitoring lhc

orrr.:oi,"r.r choor-;,r r.r. rn'read uf '<-tirr-' 
*hoi< oldrr \''r'ir

*;1 pr.,io.. rclari\cl\ \'rnole rncih, J.l .ql<'rio0{llOb'dr e' 'r
:00:).
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Thc objectives ofthis wo* was uijlizing ganma irradiation as a
*,ay of inducillg mutations r, r,jll"o and employiDg tissre culturc
techniques lor selection of salttolcrart mutants.

2. MATERIALS AND METI{ODS

This study s,as carried out at the Faculty ofAgricullure. Cairo
I 1i\cr"ih. durins l0o8 ard rggg on hre< bananiicUlti\dr.. iCrdnd

\ain-, 'Gros Michel' aDd 'Williams,. Shoot tip cLjltures werc
established on a n-odillcd \4s rediL,n supplc]lerlcd s irh (rj. rose aud2l uV BA. th< n ediun ph $.aj aoJ rs.cd to S p-ro. to I tc rddiLiol
of 0,5% agar. Cuhures $.ere maintained at 27oC mder continuous
phoios),ntheric photon flll\ provided by fluorescenr tamps. The
proliferated shoots were subcultured onto fresh medium ;ven, six
uee\s.

- Im*ediateh aner a subculture. e(planl\ $ere e\pu.ed .o.10 .r
f0 ^C^t 

ea,',1a i-"diaiion do5e u\ing F!}pr'c Vega Camma-'qpe
J6600 cobalt-60 irmdiator ar the National Center for Radiarion
Reseach and Techuology, Nas. Cit),, Cairo, Egypt.

[\Dlar.s der;!eJ trom Eanma-i rrdiatcd ti:,ues rncre te,ted ror
radio sensitility. Radiation sensitiviry was assessed by perceffage of
survival, nunber of the proliferated shoots. shoot length and wc;and
dry weights of the proliferated shoots. Tests were carried out fofl!
days alier in?diation-

For screening lor sall,toleftnce, a subculture was caffied oul six
weeks after exposure to gamma iradjatioD. Each explant \_!as
considered as a mother for a individual line. Subculture lvas carrie.J
out four times to establish a populatio, from each explant.

In riffo taised shoots of cach Iinc were used as experimental
materials lor screening for salt tolemlrt mutants. Media speciically
Iomlulated to induce sait stress were supplemented with 0.i5, 0.75 o;
1.25% NaCl. Cultures were aliol\,ed to gro\,r' for g weeks at selected
growth conditions. then tests were caffied out and data \iere recorded.

. Sodium dodecyle sulphate (SDS) polyacrilamide gel
eleclr'ophoresis was conducted according to the method rlescribed-bv
To"rlnl,, o,9, a,rd !r-dier r.o-1,,o ereLFoplorese prorein,and
lSOzymes.
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\\er $oigla ol cultures in lhe llree cultrlals uxs affecrcd bv

{arnr:la irradialion lrealmenti (Table :). \\et \\eiglrt decreased as

gmnna irradiation dosc inircased. Clltirars diffcrcd in the degree of
reductid in culture wet ueight in rcsponsc to gamma irradiation. lhe
r.laii\e $et weighl reduction in Grand Nain' !ras highcr than lhal in
'(iros Mjchel' and willianrr'at both garlma irradiation doses. No\ak
J d/. (1990) rcplrdcd thar radio sersitivit) diftered a ong cuhi\,ars
and $as assessed as liesh weight gain and rate ofshoot prolilcration.

Camma irradiarion reduccd shoot dr) i\eighr of the rhree

.uhi\ars (Table 2). l.ou, gamma irradialion dc,se ('10 (i!) dccreased

wer $,eigli,dry $eight ratio. No more reduction was obser\cd rilh
increasing liamma irrad iat ion.

lhe three balana cultivars diliered in fie rcduction ofero$!h in
reiponse to gamma in'adiation. Crand NaiD'e\pressed the highest
lelel oi radialion darnage ol the tesl€d cuhilars. suggcating thal
'Crand \aid is lhe mosl sensiti\e lo gamma irradiation. Such

inlerluhiviir dilTerences in radi,r scnsitivit) $ere noted Ilr banena

(Irspino ,1 rz/. 1986. Novak et al 1990, l99l) and rice (Liang ,?I a1

!988).
\'luragcnic treatmeots that r.re applicd 1i, tissues caused

morphological varients- the nrost obvious onc is albinol thai i! redrccd
chlorophyll content in sone leaf cells lo thc iev.l rhat nrake rissues
seem rvhite. Ihis \'as obtained in a chimeric 'Williams'clone deriretl
from tissues lreared \lith ,10 Gy ganrma lrradiation (Fig l).
aonsiderable phenotlpis \'fiiations ir banana !!cre obserrcd a ong
plants rcgenerated liolr in |ir'a shoot tips after earrma irradiation
treahrenr (No\ak et d. 1990). One of the ariscn \ariants was a

chitnacIa (Novak and \4ike 1988).
inducing nutalions r), r,ir'.) allo\\'ed the quick and e1ll.i.nt

screening ofa large nunber o[n]urant plants (Domingues rl al I991).
A mutarion lrequency *es lound 100 rlmcs grealcrthan rhc nalural
ticquenc-v jll citrus callus cLlltlrrbd i, urro uhich rvas exposed to
gamrna irradiation lWan el d1. 1991). Chromosome aberrations. such
as laggards, frag,renls and bridges- Rcrc induced b] gamnra
irradiation in callus cells ol cilrus (Deng et dl 1989). ln banana,
gannna i.radialion \\as lied to produce mulairt ii es supcrior in
dificrent kaits amo|s \\hich is rcsistance to Fusdriuli axlslarufil
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rTulmann Neto er .1. 1990). improving cold tolcrance (Smith d/ 
'r1

legr r dIo <a'l\ flo$rrirrg t\o\ak. I dl roou' I dn !1 d/ l0oi r'

r rrr- deI\ed r.m irrJdrared r,'crrec or CIsnd \ain arrJ Cro'

Michel'exhibited no sigrificant diiferences in gro*'th traits conpared

with lhe mother tissue;in media contained 0 25, 0'75 or 1 25% NaCl'

Anlon.q gamma irradiatcd tested lines of Williams', one nlutant line

showe_d 
-cnhancement of growth traits compared wilh ihe mother

tissues under salt slress (Tables 1,4 and Fig'2) This Iine was oblained

h\ .tu u\ srrrmd rrr,di"ri.rn rnd s"' able to'ur''c ''21 'raCl
\,,'i\al ',;.1 \\il rams 'dlr role'dnl mltanl lirrcremairrud nab'e

rvith increasing the concenlration ofNacl in thc media up to 0 75%'

Fifleer oercent of Williams' salt tolcrant mutant line explants

survivcd NaCl ar 1 25% (Table l). While the survi!al ratc ofthe

morher 'Williams' .leclined lnrearly wilh increasing NaCl

concentration up ro 0.75%, a higher con"nrrarion olNaCl (1 25%)

causcd thc death ofall cxPlants.

NaCl at 0.25% had no effect on shoot numbe' of Willialns'salt-

tolorant mutani line. OD thc other hand, shoot proliferation in ihe

mother 'Wiltiams' was advcrsely afitcted by NaCl al 0'25%' as

number oI shoots \ras reduccd to 50% comparing wilh rhose ofthe

untrcaied culture (Table 3). A sudden decrcase ir the numberol

shools per explant al 0.75% NaCl was obsened in bolh tissues The

reduction in slroot nu,r,bet oflhe molhcr 'Willianls' was greater than

that in Williams'salt_tolerant mutant linc
NaCl al 0 25% had no efect on shoot leng:th of willialns'sali-

tolerant mulant iinc. however NaCl at 0'?5% increased lhc shool

length ( l able I). On the olher hand. with thc mothcr 'williams' while

lo; concentration ol NaCl (0.25%) increased rhe shoot length- high

concentration (0.75%) decreased shoot Iength back to control levcl

No rcduction was noticed in shoot wel weight of williams salt-

tolerant mutant line or with the molher 'williams' in rcsponse to

0.25'% NaCI (Table 4). The lwo tissuc types showed a sudden

decreasc in wct weight at 0 75% NaCl Thc reduclion in shoot wet

wcight of the mother 'W illiams' was more rhan that in Willia s'salr-

tole;ant mutant line growr in mcdia conlaining 0.75% NaCl

NaCl at 0.:5% had no effect on rcducing shoot dry weighl in the

two tissuc types (Table 4). However. higher NaCl concentration

( 0.75 9i) reduced shoor dry weighl ol the two tissue lr'pes' 
-fhc

ii
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reducrion ilr dry lveight in response !o salt stress in the molher
Williams' rvas higher than that in the sali-tolerant Inulant line. Lo\

conccntraiion ofNaCI (0.25%) had no cffeci on wel wcight/dry weighl
ratio. However thc higher coDcenkation decreascd wet weight/dry
weigh! ralios ofbolh tissues (Table 4).

A mulant cell line. obtained in cilrus by gamma ilradiation. was

able to surlive on 8% NaCl (Deng e/.r/. t989). Olhcr tu'o salt-

rcsistant mutants \!ere obtaincd after treating citrus callus with gamma

irll]dialiolrs and screcning with NaCl n? l,i/,'.) (Wan e/ al l99l).
Calluscs produced from kiwifruit explants treated with gamma

irradiation were selectcd for NaCl lolcrance (Wang c1 .rl 1990).

Canrma irradialion was usefirl in screening for NaCl tolerance in

wheal (Xaio and Zhao 1989), rice (Liang e1 d1. 1988), Erglish ivy
(Bra$le] and Mathes 1990).

l-he sak lolerant Inutant line of Williarns'showed abscnce oI
onc orotein of 1.16.5 KD MW that characterized rhe nr(rther Willians'
and induced lhrec other proleins of 41.2. 70.0 and l29 l KD Mw
lIable 5 and Fig.l). Onc possible explsnalion for the completel)
disappearance Lrf the 146.5 KD protein is drat lhe gene (s) resporrsiblc

lor a cenain prorein had bcen completely inhibited as a result ol
inddialion oflhe morh.r explant. Therelorc. the developed Inutani had

losr its abilit) to slnthesize this prolein. Lcafprotein electrophoresis of
early flo$ering pulali!c rnutant plant of Crand Nain proridcd
evidcnce ofan allered genetic nature ofthe mLrlanl plant in comparison
wilh Lhe mother clone. lhc mutant showed a less dcnsc siairring
protein of 33KD Mw and the absensc of three other proieins
characterized the mother 'Crand r.\ain' (No!ak cr r/ Is90, I991).

A biochemical assa) could aid in early scrcening and inthe
assessment of genetic natLrre of phcnotlpic changes (Novak er irl
1990). Melhods are being deleloped to delect somaclonal variants of
Mr.rd in the nursery and in the field, but whal is needed are early slage
niarkers that can be applicd ,, r,i1r'o to detect variation as soon as it
occurs (Withers 1993). Investigation ol the properties ofthe ne\\l)
lbrmed prolcins that occurred in s:rlinity, and kno*,lcdge of their
funcrions will undoubtediy provide uselul inlbrmation in

underslanding the mcchanism of salt-tolerance and for sclection of
tolerant mutanls (l-iu and Li 1991).
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| ,A .. Pd re'nr or leal \Ds{\rraclaole Drolein' ot'\e rlr
4'rs na 'willams' (lane I 2i

blera.t mLtanl line (lanc l 4) and $c

!
5:

ae,qh,erety

a-, L.*a nu

EiA 4. Electrophorericpatrcrnsolcstenseko4'6esforthcsallrolcranlmulstline(lanel 
4)and

the orisinal Williama (lan€ l 2)
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Tire rcsults ot SDS electropbor.sis indicaterl th.rt thc nulnbcr ol
dclecleblc Lrands ol so[rb]e prorenrs tirrm NaCl-lolcrant S?tir?, ltdl,...r
crllus erplanls !"-as hishcr than thar liom thc corrrolcalluses. -t$o
ne$ bands of 59 anrl 90 KD froLeins were dctecred jo salt tolerant
callus, but \\cre absenr in the coiuolj {Jia ?/.r1 t99lj. SDS pA(,f
.e\caLJ that the salt-t(,leranr somaclores derircd 1ionr sah lolel?nl
maize rultir.ar ,\rizona 8601 hail protcin panenrs sirnilar lo rhose of

^rizona 
8601 bui ditlirrnl llr thor. ut ihe sah sens lilc senofiDc\

. rp l.u r.r. ,or I

The clecrropiroretic patrr.ni ol e:rerass isr:lzrmcs shorerl
dillercrces behvcel rhe salt-lolcrlrnt rirultnr lire and the nr!.lher
\\rilliams' ( lable 6 nnd Fig. ,+). lhe salrloleranr lj.e sho*cd r le\s

dellselv slain;rg isoz\ rncs ol0.l8. 0.lj Llnd 0.16 r!lati\. rrLrbilir\ thal
:hr'.*rcr ze.l hJ m.,rhe. \\,ll Jrr. Jn,r rn.luc.J r' . hcr o"rit, ,r
eslerase . i soz! mes uith relaiive mobilil, of0.ll and 0 78 Ihe eart\
fu\.<rir t',jdri\< frbll'., L,ri,n.' \ ir,.h "crrl,.;.t,,e,.r.,t r.,..
bands ol csterase isozr'mes that .harrclerized ihs 1nother 'Crand \ai.r,
(\or.rk er aL 1990. 1991L

lhr electrcphoretic patlclrs of peroxidase isozrrres shorvcri
dit^ferences ber*cen thc salL-toleratrt olulxnt line n d rhc lother
'$illlanrs' lTahle 7 and trig. i). lhesahtoteraDrltncsho\\edatesi

oiher lsoz)rnes riith |elatire mobilir) ol t).6,1 al]d 0.66 thal
charactc.rTed the tnodrer 'Williams and induecd three otirer bands of
pLyoridasc iso^nies $.irh relali\e mobihl-!. of 0.01. 0.]] and 0.60.
Thc peroridase isoz-lnres o{ tIe reiistant callus alrd len\,es oj rh!
regencrated tLrbacco plants nere dift.ren1 lronr thosc in the nr(ither
malcrial (Zh,.u and Yal]g l9lt6)

The clcclrophoretic paltem5 of malalc dehydrogena\e isoT\mcs
.1"'-.J Jirl( cI.i. L,< s<-,r 'li< .:rlri.l(rd. I ,,",. t.u. a,i t,.
Dlother'$'illianrs'(fable 8 and Fig.6). lhc salt-rolc Dt line Sho\cd a
less denseh slairrinc malale dch\drogenasc isoz\mei oI0.3t.0.52.
0.67 nnd 0.79 rclati\e nrobjlitt thal .halact.rizrd tlte tnoihc.r'Nilliams and indu,:ed rhree.,rhcr hands ol ni:ttar. dchrd()cenase
isozJ-mes \\ ith rclaliye rnobilit] ot 0.(15. 0 1.1 aud 0.t5. \\'ilh Sharrouli
orarrge. cell lincs *ere relected fi0m o\ular calhrs. I hc sah,tolcratrl
Iinc \\as loLrnd r(, be a truc cell lrnc \ariaol:rnd sho,\e.i rhc h;!,1resi
rar: <lr.ilr^ctr'.,.. :. \r.\ t..(I p...re'r. f.,rJ . ^ \t.,rarc

I

I



'230

,r. \J . -: r,\- , \iJ . tu1 :?i,'.:' :";lI li:':.l::t.j";;::]'i ,: . ' "'' l' '.' 
*"'' 

-,;.:,;",'.;,...p,.a.1 r. ...n-.r n.'\n.'-!-. b'rd' "n r,1,",;1,,";;;":;." .","^
,:;,". n l' -.*,'.l ll 

'""iT;.i,1'."i"'""'"'i'"'''

0,,...n "* .o.-..'\,.,!,,,. :.t-'l-.", r,.,,,.,r,re:ringpr^s.ns.li .!r... ' ' ' ri if' rnnst LnrP'n

, o,l,' ;,' D.\eurn:_ -:,]l;.1,1,,;l"lii.lli,'i,i
.,.oura.:: b;.". . . - r .; Lrr 'aLt\ a

iii..";i; ";; :i:"'" "',.-:::i'.:11:1:j1i";",:",i:?Hlil:ii
.,,1'.'re .-o"-'. -- ''-'-' '.: '' ' 

'l'_,.,,. . ,.,, ,, n. r", ",,s ,',d I' r' d "-:-:"' 
I'

i: . - .. - i: .::; ,t.:': :.: ;:l : -"i
.e!..tion 01 'alt_Io (rant mulant:' Iie-)
and 11fic rent 'Lr(cnrnl iL I 'JLttt' 

ir'rtlr(

]. REFER[\CES

Ir,r*le\ I d,d \l"rhe' \r' qot) 
::',,.;':i:rT^"):;-:,1.

.ro\\rh of Englr5h i\on ifi€d'l
il."r..' i"t"t"*"'a "'d 

E\perimental Bouny l0'*3-591-,-.-

,.'' ,.l'rn,,t-u't' u:'a lr"" 'r,,' :Xll iir,:ii:[',1.:i:." hrecdinc tur salinjt\ toler'rn'e

Ne*sleierNo' li: I2-14'

,^., ."*"'1.'i' i-,i";'' .'"'" \" \r' no! F'\1'J ,d \ do \
" "' ', io,.r, LrltLr ul gammd-rr\ Jo'e' ot'J'oot'pc\olbdnzrrr

ii;;.; ;;-;,;. 9.,:,:':: t";l;:;.,;lt: tL 'i,X[i'
induction' Pesquisa AgroPecuarr

o**.'ui.'-iisst j ir{ultipi' range an<i n'u1tiple F test' Biometrics

, ,n*'ol' l-li..,."* M \" \ldh-ouJ R"q r:u0:' QuarriDins 'orr'
" '"'"i.4'"*" ,"'po""' o' :om! handnJgeno'\rs';' rii'" Ilr(

fi rsl lntemational Conl'rence on Bio;chnologl-.' Applicalion

ior tl" a'ia n"ginn" l- 1 1 April' 1001 i l'ii'nrt. *-*t,""
FrDino RRC', Zamora AB' xnd Pir'' - ;;".;i"; "n "r"L"d 

Pl i''ol';i ' 
J )' ' p' ):l..:i'

,..r,,,.:*. ,,,,a .,, ,,,," .:li: "i.i I '.1,':1"'J;l'
Dr.,.e<o:.!. .,I d 5\r].co\r rr

t

r

r
r



,:i i-

international Atonic [ners Agencl aDd Food aDd{griculrurc Organiation or rhe ,nirel \"d.,rr. j:s_i-jj.
Vienna..\ustrie

JiJ ll l,r \\..,/,r.r \\ \oIr 8.. I , en / i . anJ Dirrr \ rleqt,(( cc iurr , | \ r, l(-"ir .-,,,n,, ,..,,.,,..,r,,.1,,,r,;,,".
--'t-re <.,, aL. o,J I . rr.or. r.rt ""J hio.he;i.,1(, trr..l.r 1,.. Br te.,. i .. 1-_,!ul.irre j rq-.. 2Laerrmlj LK. lt9-0t Cle.rage ,iI d.ucrural prote;rs durjie rhe. .cr h. r. Ld.r ot .c-..... rr,; t .,. ,..11:.o[6
6Y:

Liang Z Q Gac \j.\1. ,\iang \.B and Tian S.H I t9881. pretinlinan
siud\ oi inducaion .i'salt_arlerance in rice. f.,, ag.;.,,i,u.".
\ucteatae Stnica ::65-i.l

I-jbal Y.. Tet-OrE and Ben_Ha}}im C. (1985). MIIH activiB ir i\ro
citrus cell 1inos. selt_toleranl and salr-resistant. Ne;si;tler.

_ . lnremational Assoriation for plant Tissu" Culture Uo. a;- tS. 
'

Liu K.B. aft] l-i S.X. 0991). F,ftect of NaC,.ton elern"nt tniun.'e.pe-o\:da.( rso/) rn( anJ p.orei.r Ua,,a., e prn.rn. oi
t tinl"t\L on teJl (urture, and relcn<ra(ion.lr.,ur{. \.rerU"
1{ofi iculturae,t6:97 107

Lrpotio E. I.usardi M.C. and Locatelli F. (1990). Tissue culrure
.taracrcrrza,r^r a,.d !\aluatio,l ,,, 1,, ,iD, .rl ,"1",..,;";
Arizona 8601. \y'aize Genelics Cooper.{jur \e!ys Len€rNo.
64: 24-15.

Nolak I:.i., Alza R.. Duren M. and Omar M.S. it990). Mnrarion
rnduction b] gamma iradiation o1.r, !.,n,.uftu..a.lo..t-lp,
ol bananr and ptanrain (,l7urd c\s). Iropicat Agrlculnire
67:21-28.

Novak F.J. and Micke A. (1988). Mutation breeding and l/? rir,
tcchniques for crop improremen! in developjng_countries. In:
Ger)e \ld.jp,,tdli ,r, ,ur pldnr tnp.o\..ncrr in Dc,erroir,nr

. 
( -u4r.:e. 

^uah 
I anr,1ur. \ \BR \L, pru.redi.!,, or,8o\.\'l I l. Br,,nncr R.. AJld l(.. nurer \,t.and \rn.nu.e.r \t { to,rr j

\fuLar,.rLrrccd.nr in V,a,a rba arra. l.anlin). \l .ld oJr
Ureedi,lu Nc\\s efler No l0 l-4

Norak 1.-.J.. Don;ni B., Hernel; I and Micke A (t98r). potenriatfor
brrr:,"r rrrrl !l, air. .nrpn\J,..cn,,h.o..tr .,.a,.rnLri,r,

':-



2ll

b|eeding. r\CORBAT Ntenrorias \:lll Reurion' CAIIL'
TLrr''rlba. PP. 

(r7 i0'
PieDho. i.P. anrl r:ar Eeuui-lL I A (1001) Slahiiily anal\ses h crop
' '_' 

."rfo.*un." elaluation.ln: Crop rrnprolenrcnt: Challenges in

iL,' r',"nt.-ti'st cenrun. Kang N4' (Ed)' Food Pmdrcts Pres'-

;3,,t1,. '11^1' r.'" \ ' r^
t"rn, r.\r. (rqJi). Dc,.l,,p rtrrl ar.l r,'e o, .rl' lrrr" li I :p('rLr'*' 

oura. *.. ln. /,r tr'1'.ulli\"'i^rr ol I'd"l '_l'' dunLr\o{h

Heincmarrn Lld. Orford'
shi.lJ ali.. Orton l .J. and Sorber C'W' ( I98-: l' An oulline lrf general

resource ofactive enzr mcs lronr plant tissucs il't: lio"Jmc: ln

Dlant i(Ierr!i ar.l hr.edrrrS' par' \' lJrh"\ \L' arrJ'r' {'
'r l.Ll"o-t. I .c,r-r\.i Prrhl.. \r"leru rr'

sir"*,1 e.- S;frar".lrarir O alcl SingbLuadorn N (1986)' Induced__'- 
,r,u,rLion. lbr leaf:sp('t disca'c rcsislance irl banana Nrclear

lcchriqu.s and i/r r;'''r culturc [i'r p!onl impro\emclrl

Proceoding ol a s\inposrum ''rganized 
joinrl) b] rhc

im.matioiul Alootic Energ] '\genc] alil l'ood 3nd

Agriculrure Organiz:rion oi the I rrie(] Nalions- '139''+41'

Vien a- Aust ia.

Snrith Nl.K.. tlanill S.D.. Langdon P\' and Pcgg ('(l' (l9qi)
"' " -V,,iu,.n 

breecling program produces a piant wilh potential

i'usariurn uilt (r;e 4) rcsistanl Cavcndish \arietl' Lutation

Breedinq Newslettor \o. 40: 1-5'

st"aier t .il,:. (i9?-r). Anal]'sis ol ba.tcrioPhage 't 7 carl) RNA and

oro(l'. drd 'laD g(lJ J Vo Bi' l _"'-'i-_llR'

l,l \l :,rxj,.'.le-r'o', lor nr. " rolernrn ' l" H11oBuu"or l'11'rt- 
..,' ,,',,,,t.. \ '1. Il(.rrrrr',ue'l- pr"parar'"n'rnd Brre'l c

ur. O.A. Sharp \\'.R" Ammiralo PV arrd Yamada Y'

aEds). Nlcvillan- Londoa.
'r;, vi- rio y.$.. \'lak C. erd lbrahi \'1.(l9g3). I:i\l O\{-l''
'- - 

iu eudy noi"".ing mutant deriled lrom mutation induclion of

Iruna ft"r. A 
'Cevendish banara' Mulation Breedi g

Ne\rslctler No.'10,5_6'

fut,,,rnn-ll.l.- A. Domingucs E'T', lllendez B !1'l and Andi-' A
- ,,,,r0, 7,, ,,7,i ,n,,31,"r , r-e,l n' ff<r'Jdolug\ Iol

lJrrrt.lllr \\ ll re','lal'L' 'l' r'll ' n \lU "l''rr U'rJJi 'j

Newsletltr \o. 16 1: I l'



\!an S.Y.. Deng 2.A.. Deng X.X. ye X.R. and Zhang \1.C. i1991 ).
Ad! r,.e. r"d. rr.,r. .-..ra i.,breedi,uir .irrr,: ptanr
\4ulJlton BrLed -r ., -. - .o ttnpto,Jnrcrr l::;j joo

Wang C.X.. Cheng B.S. I i \.2 andZoue (1990). Selecrion olsah
taleranr \arianrs ita:|n 1a tttidchifie \i\. Acta Asricuhurae
\u.led,d(. ..J . 0O-_ 

_

\l ithcts L A. i199]). Earl\ dere.tion ol someclonal variatron.
ProceeCifgs ol sork5h.p on Brore.hnolns\ .{pplicalions lor

laio
Banana and PlanIa!n lmpro\ement. San.lo.e. aosta Ri.a.

HL. and Zhao S.X (1989). Seleciion ol*heat mulanistolerant
ro NaCl b] d\nre culture. Acta \Eicuhurae \ucleatae Sinica
l:E5-90.

Zhou R.G. and YangS.R. (1986) Sah resistant planis liom callus ol
tobacco. Mutation Ilreeding Nc\slettor No.2l. 12.

!J||lyl ; 4-rAlt rlar.l jJ*,! !.l.i!"jtJ 'jJtJri-f)
* rJo rei l+tJ JrJ.i rdi r&,!r+rjt asJlr $ raj

rJlGll - rlLlll :*- - a,tJjjr ;,ls \Si.ilt J:,lL_ e,.,
6,riij1 - +rj.rl -:r-+jl Jsf. _ _6iji .:r, ..:!_*

'ra.L
l--r3 : rl , -r.,::l ---r ,r.:.l ;r!"- +1*J'S *L 1,ji .!.:.i-i
!r-iL. iii:4't)J r-i .LJiJ 1Ls:rt -tjiljr JLJj) a-_.irr G ,l
-- +'-' ,--. ! e-_*.. .JJ - > J..-:. J- L_ . ,+,1 ---; i.J-"s --, . s -!: * u:...js:_- -:__. j._::. . :. :,_i_
'L--) 

i, .-+ _!-: _c a ".-:)J +.- .;- j--.j _-.+
.dU _ r.- J* _., e-.J._ji,.t j,y,_*.1,.r:. __._
-)u! -- .a --I .--+ .j* -r -:b:^^. - * J- __; ! .

:-!.- 
.----j- :.., !r5 -,lr +.+; iii _ .i:, t!.-r._: ,r_s 5 . ;L . > _s ,_- ,1!1. :._; .:.s;- _.-:

.tr--teil e r" -+..9 .o/,r tc j . v. ( ,,r. ::l*,e.r- +t_& *LdlJ ;il i-;! i {* .t-!l F ,+ft ri!-:r r..qjil ;, -i ; ;iit



trl

lj !-il lr----.i r]4 i]}-.Jl ,j jlJ .:rJSi'Il '_:rili 'alriii rFJ 3i
,:t -r-1 *r,,rj-'jl !i i.i .L"r-:!-jil J"ill+ i €;'! I'il
1; ,l-+i J, %'5 Jidr-+ % ,\c F arrr-'ll ';i5:l-';1'

)+-s jt , p: A1 --{r1g J! J .%\ '\' }iri a ,]rjEir +iJE i"il

--; -* -n---..r; +.- Jj --.- --:oo''''
-,t-r: -.+ j.' JLll -- iL- "" tc .;;* =+
-,; a,t S -a-.i-- .u ", " F.-:.'-:- o" r:

-' ,--..: ; -; -S. .0o..': A-,v-*l r.y'(:-..- !J +
- 

- ..---=,.- j-;---J 3 Ju;.) "=--:'.: --:
j;,i -"--.-,---- oo r ,r-,,"r,-: --rs
:;-",;, , .,1 i; ; "--;il .)".: 

i,sr- .'s+ ;-t.'r 'r+rj)j -r{l.t':J r

- 
- -- - --.:--:-- 

I 
-_i =- ; "- -.t: 

_;

-'.- ,- ; -.s .--. -!i -:' ;-'.' /* --- j - *-J :i "

-x--tl .JJXr:-illYiLi -\, .:r,r;- 'rj!ri_i:+ j'+r-ri

*1, j--".., :--.j ---,- -lii- 
;-+;:'' :+-i --Fi -'Jil

.i:-i'jLJ


