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Q^aiia# feh© qisaan o£ tsroplci©! fruit© iss cai© of tte

mBt wl<fely c^mm fruit crop© of lRdi-a» Msnara® i© %m

mo^t popular «3ii^ pirpos© q<^6:^rcial of hmmm

•omup^Mg mmht 3© psr ©©nt m ttm 'mt&l mm

hmsna. cmitivaHoB, la Kerala, ffeis vwiQfeSf IMS '

Is WAploM-^. het^#2ygous aii?t sqqQ st#riJ.©&- ®a3.y
/•

v^4afe|«i4fey -eaii ss^at© a base p^Mlati-sn for £wt.$^$'

lfflpr«siii®^3Rfe ia tliis |iarife.i,Gi3l#r mow voriety Csr^ertjes

ms ,|9fi)«. ma t© tte aafi

mtmm a vwia^iMtj eaa m^mtrn^*

Tim Mm'in ©i muta>tio« ii?^u(Sfei.oa 4« irigga-"

tativa3,y' ,pr©^afat©ci i^op? is- its- abMlty to eljsijge ©ns or

.^a- faif of an. otMarwisss' «>«tetm<Sinf mMMm

without ^t.mlsig me xmaA,nin^ ^<3 ©ften mim^^ P^t ©i

pr0g^fa%QS csrops ar© a- 've^f

sMts&i© groiip ^#f plsiife© .for Uw @p|>Iicafci©tt ©t

breeding. C^^eerfcjee i$Wh sim&M©m

ar# tte <®aiF a^mm of varie&ility ifi stmU^ plmt$ or

I.S1 obligate A m^m/

in pstmtlmX. BHp&QkBi ^ith regard to parfottasnee ©f

mtitatiQn teraadifig in vBg^tottvalf pra^gated species 4s

tha s<3^'iititi©us bud, t^aclaiciigyi© ifir®Srtjes,

19€9 a# 4i 1972 .!>),-•' tfifss©' btids origiinat® wry itm^

! j
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2, ^eate m much variability as possible by tistog

gastea, rays

B*. td isolate mm the '^iabi© ffitifeaists- Soeliiding 4i^ars

tjpQs 4.f

4, To cjfQato a base v$,th 'BQ much varisfellity

in ,all. til© producti'^ tralta to eppi^ •®ei©ction

proG©ss

5.» w& analyse the mstrnt ••©£ .©reafeiS v^-SeMMty

6*. f© 4@oisfc<a '-©ut lii*^ yj.sl^^s's tiith dasirf utslsuiro

aarly siatiurity

^• To stand^sr^s© feeishtiiqyss £<m in«-''vi'fcro prc^:>agaliicifi o£

banana adopti'iag ©lioot tip Qultiire teeimiqiies

8* f& stsraS^^ss 0f g^wa ray s^posur© adcsptiftg

.M^'MfegQ ,ffi0^©«3s ©b<3,

9. T# Btrnd^mm tscbriicpes in hmm^'

auccessfni induced mtitag^assls

Zi-
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RSV5SW OF ttl^BRAWRB

• Mutations $re ultimate ^oi«rce of variability

ill (^-gafiisms* Vari^iiity aaus©d fey rawtafeione ia

not ©©serially 6M£@mnt frm ^sirl.ai>tt.it.y cmm^^ hj

BT^mm^ma stations diiriisg m0tutiom CMtezrnational.

Atcsoiq' A^sm^0 1970}*' mtatioa

mm tferou^ ai3fe@ii«3©€ fe»stt<s wmi0^±Mtf

CKos»k» 1.984-31 Hie ©fiiafi<»4 ^©tic v^iafeility tlirois#!

imtation man asrg^ as the £i*a^is for th&.

de&$^eSQM aittr4Mt©s ©f ©r©p plmtB*

tem mut^ti&n was- irm ietio t^jorci

to ^mmt0 Wm^ Metm^ ©i lanta^to,

stairfea fjroa IfrAoS' ^ep3rta.cS' tM& phenmeeoo in 19®,*

Ifjie toe &£ K^ayB Smt' imdumd mutatioi^ t^a©.- first: 'i?©p3irt©d

^y •Mialler C193^5 Su This ms foxioi'ms ^ tte

r©p0yt ©f stadXey- ig92Bl in bari^y @ii4

Physical, agents liJ^© tairo# iray# CSBarrow--

Singleton^: 1953)* Ultra uio|et rays (Alten^urgt- 1924#

BUadler-e 3.941s, Stagier and Barnm^ 1943)# fast, i^utsraijs

i&S4| itS4>» lefea .ray® (.Slirsnbsri gfe -ai.*;,

2.9491 s«i ?s?3Wtr0it.® fCal^ecotfe ^ 1§S4> ore

tised eKfc©yislii©ly to Inm^B-SB variability- eishancs© tlia

©copa q£ mMmtion ^ro^-dw^^ja#
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1

uaigise pmt ©f tte g©ri©tfpe m4 tlis pr^agafeteii ©f

mB t@ get .tlie The maia

b©t%isue©l'5s in imitation feeding ©f propagate#,

plants are ©M^^a fetmetisa .aid digjion^ic s&Mctimp. mm . .

fesiiig €s^|sii0aM.©iis caused, tef aat.w« of tte

feyd^p^jc ana to fete, iaet. that .®«tati©a is ..an.

mmm. md f-fertes* iSfil#

• ^ • Irra^afcidn- .of bulfegg titorgg. rM^^se.Ss, buttings#

grsft,s.9. ©tiiejr pilsat p^Et'or tteia piants,®.. all hming hn4B

witM SMltieelliiJer? aplcas ^ipesei a£ a uisiteg' ©I iairly

autonosiDms c@I.I iafers.j, ant^atlcali^ te^as t© thm fomm^

tiofi ©£ ehlmes-as#. 'lM.s is -tlte main ^bstaei© in «iMt©t;i©n

bjr©@cltegs espeeiallf ©paeies-s. in tu^m 4s m

ommgerntMrnllj f©m@ staga M biids fe© m irra^atsa

CBrs@rt.jas Hsrtent

Sone eropse, sspseiailf

cmtBin ©raaiTO'iitallSf, proved t& tea tiell. mkm^ for mm,

&pplicat$.&m @i mifea#afi0@4© iri,©r4e^ t® impiro^ tbair br©©€«»

img wahM» tm ~tM,s 'msp s4»ee'm. .aire #3inf f#r easily.

ciet@gt^le €lisre©t©ifs lAlce-flowr

desiraMe intttaiiits esa h® ©ssily iaea-tified*, e^ii to.tfe©

1st ©f IrracSiiatiQii wrks totfesclialk m4 mlil,

i@S3).



8

, Most mutation breedex~s prefer ionising radiatioiss .

for mutetiiig vegetativsa parts. Physical niutageiis lils©

X-rays* gaoiaa rays etc<, are widely usad- to ineluce muta-*,

tions in all" kinds of plant parts• Small materials are

more coni/eniently x«»rayed» For vegetatiy^e parts that, are-

bulky a Cobalt 60 C.^^Co) or CaBsi«m-437 sonrc© of

5Q.'«»200 '.eiiE^ie may bs a more conyeaieat o«©» Ultra violet •

rays are' not generally pre.f©srr©4 far irraaiatisig

tiva parts due to their poor p@netratJ.oa capacity {IhEA^

1970), •'•••••--

For iiiduaing smtations in vegetatively propagated

plants, Gkemical raiitagens are not usually considered.,

mainly Iseceus© the nwifc^r of cases in ^tiich, they have bsen

applied •siK2c©ssfully has teen small {Broertjes and Harten.,

1978) i,. "Jlie lack of .susg0ss is probably a coisseciyenee o£

poor upt^Q .and p^»tration of the eheraical conpomd

(BoTOiip I965i' M©^Se 1966)V MorQo^r«; bulky material like

huXhQf scions for praitiiig .'and plaats are dif.l;ieult to be

treated t^ith chemicals in a reprodueible way# Successful

application "©f cheraical mtstageriB to pineapple tias reported

by Singh arid 2y©r (3.974)» K@«l and Kak (1913^ 1975) to"

pei^rmiHit and Mee et, (1969) to sugarcane#

For inducing the routatioJi, the rautagenic Bgent©

csfi affect different plant organs such as freshly cut
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"leaves Streptocagia'us and /AChiganes Isaf stalks ©f Airiom

violets tubsirs of Potato an^ Dshlia* youAg rhlz^^'B of

Alatroenatria aod C-rBOdori., bulbs' of Iris^ 'dormaBt buds 'of

fruit tra©s» roses and grapes» cuttings -of cherries and

doiiiiant stolons p-sjjpermirit and" Bermuda'grass Ccottschalk

•and Isfe)*, •

A very eff^cti-v^ methoa# important in prsc^icel

aspectsj* id.til regard to^ tte; perSom^c© of mutation bread-

ing in va^tativel^ propagated, spacies#"is the so-called

.sdveBtitious bud t^hnique (Broertjes^. 1972 b)-®- Many plant

species can las stimulated t© form adteiatitioiis buds on

isolated leai;^s (Siroertjes ®t, 1960), These buds

originate v^ry often fircsm a single Riaristeanatic cell. If

iButational eifeete Isave "men i»auGed in felii© cell^ a plant

having the same gsnotypic eortstitutlon in ell its organs'

arises vfal€ih is not a chimara* itiis is a great advantages

If lEutat^d and rmn mutated cells are present ia dhimsxri.^

plant-i sSiplontic selectic® occurs# Very oftefs, the-

mutant calls are not fully c©ai>atitive with the non-mutated

ones# this laehaviour results in a low irequeiisy mutaats

^<3 a narrot^ mutation spectrnji* This .unfavourable situa

tion is avoi<2e<d ici .©any ornai^ntals derived from a single

•mutant <soll# in 'ttis imyf very high putatloR fraouencies

as vj©ll as wldQ genetic variability are obtained*, Examples

5-
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for sucSi a situation are s-i 3s African violet

Kalanelioa (Broertjes® 1969 sig 1972 as

Broertjss and I»-a£frin§«,' 1972) o an^ Eemnia (soorenbos and

Karpsr^^ 1975) aiBonig ot3iers»

111©, impr-ovad characters of the vegetatively pr©pa«»

gated plants# controlled by th© mutant ^janaas cover a

rsaga o£ treita> hn increase in genetic variability was

oMain©d with regard to fXov^F coloor mid shape- In many

omamental'Sa, earliUQSs aM. late-mss in -almost all the crops

exposed^ sliorteninf of iiiteriio6es length in fr\iit trees

aM orKaR^ntalsg alfcerationa of the plant fefpe in OE-pa'-

mentals, of the resistance bsha'^iow and

desirable bi^l:©mical alfe^i'stiows in sane fruit trees,it

tea plants :mQ i»-other crop© iGottschalk and •.19©3)tt

Distinct c^iies mre found to be influencing fruit sha^

an«a fruit colour (Lapins-,, 1373 s IkQ&a, 1974) and reduced

a»Ti5ur3it of russoting in fi-uit skin CEiapins, 1973) in apple,.

^e, iim-Bbsr of. mutents seleetea in a tm ve^tstively

propagated crops sres 16S0 mutants in

(Sraertj-es.,, 1S69 te}| more than 300 mutants M Ribss nicagara

<Bauer^ 1974 )> ateut 160. flo'^-.er mutarits in bullsous Iris

(l^tekstra and .Broert jas# I0SS5 and more t^iasi. 300 mtitailts

in Bermuda grass CCvmSm sp» Pow©llp 1976) ♦
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K«rey treatments of p©tatos were psrforsssS by.

Jol-meon (1937) and SpraguQ aad Lens (1929) a- &n0r§y

.protons mro «s©a Taras^itso in .isotat© aad

protons were to ba as ©ffeetiim as nautrcais.* Kookai

Ho. 45 afid Marilim 2 are the tt'^o induced snutarifes s^portefi

in |>©tat©« 'In p©tat©,» Jiigli ^gres o£ el^imaris® is mpormd

in EMS tre^tmgnt# wliiah was consMer^ly

afteir 5C«>Jxracliation (Miedanao; 1972)-^,

Moh (1963) irradiated ^msava nodes 4 kR oi

gei®£5a r@ys md found that the LD SO value was 3 1^<,,

iCal«isnira an^ TakeEriats I2.97S) .fap©rte€ tliafe rautahts

tr?lth inereagefi as as reduced sugar cootents vjere

obtained ift. s^;ss^t poteito after treatnent of shoots,,

6d
root ana seeis witli %o gasroa ray©®' S^^at potst©

varietless taaasmfealva and Glsinat-^a-^lOO imre treated, with

g»na rafs« Irradiation was snore effective for .iiRproving

tubsr yield^. Tim frequencies of cioaes i-^ich. glg«ifAcatitly
«3 «*3

©Kcee^a the p^ents mre. la? sc 10 » 2*2 :!£ 10 and

«>3
l«.l 2€ 10 f©r fester yiaMg. matter' eoateist an^l totai

sugar content respeetiv©ly CKtil^imura#- 1981)* Kiikimura

and KovYma (1982) studied mutation tomeding^iii sv?3et p©fe©to

feafeatas l#,i»am), h tptal of 37 different, geno^

types «re subjected to gaims rays. Anal:^sis on the effeet

o£ irradiation on quantitatAij«a characters» as

n
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dry matter content* and total, sugar content in

Mas also ^on© in liylsrid populations# Xt ms fomn.d that

Kiut^t cloRse-. «re superior t© comtrQi in matter ooh»

tent and total sugar ccmterit*.

' Mstroertariait plants wifctiout ehimsrlsi! wsre

obtained after X«ray trestmeat o£ young rMsat^s*- altlioucji

the buds- liave profe^ly multleelliilar 'apicjes CBrs©rt.|es a.fid

¥orbowij>.. .1974)-* • It .s'aoisid te-rrentionea tliat ths mutation

fre^aency, obtained a£tar X-ray snd. n©«troia irradiation ©f

kiMMmms vm-B found to Im 20«40 times M#i©r ia autotetr®-*

pXoid. material as ecmip©r©d to tli® diploicl .Initial roat®rial»

AO 5idde4 ad¥snt®ga of wmta^tiesis in orn^meatals
*

is that even mutations .fro® tte dcminafit to remssim state

of a ge?^ bac^e already faisoeriiible in 9en0r.ation.-

mcent fia^lifio© of tMs kiiia hmB been obtained in C.arfi®«

tic» (Badr end Btiaan* 1977)#. Ilsis is dwe to tha fast that

many oraenentals are lii^ily lieterosygoiase lifter applica«*

tion of sfiutagense the hOTOzy^us recessiw conclitioii is

realised in a&m o£ these gane pairs» •Hie geas©. iiwolTOi.

influenza leai si®©|,, internoS© leugtli# spreading rate ai^
3

herMciid^ aod fiomatode resistance anmig ottmrs Causrton# '

1974i, i97€s IWs PovmlU 1976)* m Bahia

grass lPam-0almi notatim) m& .JCaratucI^^ him grass
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C.go^, pgat0nsis) g niiitaiits witfe, xn^ease^ seed set

improved cMsease reaction %®ire selected CP©x%s©ils. 1976)^.

.Bga^Marjgt bgiaantha after ge!i®e, ioradlation. of seeds

and. euttlngSa a prospacfeive mutant was isolated sliotfiBf

•sliort intemocaQSj^ profuso feilierittge erect ^o^jth habit*.

rady^Q^ piibsscjsno©#. afs.d-rapid TOgroiiJtSi (Ganashan# 1970)«

ThQ seositiirity o£ tea tO' gasma irradiation

with the Q^tiym md the organs being irradiated..^ tten

SQQ^ %-msB irra^iatedg the tin^ Mot ei^rgenos x^a deiasfadj,

and tte rat^ of emer^nea decreased at irradiation doses

abo¥© the ojstiraum CS Kilo Ro^ntgso- (kR))^ ana fhe iethsJ.

dose vias 7 kR,- asce^pt in tfee eui.tivsr fuditsgdabal.# tlje

survival rate q£ cuttings ana their groi-^th rate decs^easad

at ©bove ©ptimiMi iQ0 « 3. te) ana the lethal dose

\ms 2 IsR, (pQiiq et al»w-'i98S)»

Restilta ©£, th^ mutatipii .stu% coft<3ucte€ at tt^

CardaitKxa.Research Ststims. PenpaQimpara shomd. tliat

cBrdamm-i seed© irradiated at 20 kR and abov^ failed to

•gemSna.te cmd tlier© was a decrease in germination at doses

of 10 isR and abofve* ts SO v/as found tO' bs

8«.iO };Ro. ^t doses iipto 4 Mi (0«5, l«Op 2*0 artd 4#0 kR)ji

the variety Mysor© s!iot-®cl msciiitim gsnnisiatioiis,

voriaty Malabar shmf^d the leasts in VaslTuMiia variety

the gsrminatiop was intisrse^iate CBenay Joseph® 1987)*
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Khairttfsi (1984) treated sugarcane, CGultivar

Corll40) with gaMia rays at. 2# 4 aufi 6 ICR sturvi-yisig

elones inoculated with GolX^fcoti-lchiiri- fialcafeiitu

scored® Infested elonasi^ uMnfeeted slonss and clones

that still healthy at mttiirity shoK©^ ao ii5C^ea@e ^•

over the eoiatrol for TOst ^ality character© ana 8 '.esxl-^g-

maturiyiQ an<a high augasr mutants ^re isolated^

f^ishna Qt (|984) isolated tvjo mutants in the'

folloitfiEig garoia irradiation of seeds in Rhodes irasss

'ihe non-arrowing mutant had broad lea^s and short atemss>

tillered heavily an<a Isore no infloreseaoee* 2t ha<3 ,a

17 per oSBt higher green forage yield thai? the control and

alimBt double the contants o£ crtide protein, oitro^n and'

..ealeiiirft#

Ksicter and Si'jarup^ <1972) inciiicsd colour mutations

in the r©ss cultivars.i, Christian Dior#' Qyeen Slisabsth asid

kiss o£ J?/Ve, by treatiiia dermaot buds with gsRiRa rays.«

The Qoona'flie 6Dse rancj^d fr«» So^lO and higher doses

vjere lethal, osraia ray ind»@r3 nutants of rose cultiifar#

liontesuma was studied toy Lata--; and Gupta (1975)«, ihey

found pttiz and reddish orange flofiered muta!its» KaicKar

<I.9S2) tonnd stri^cV or multicoloured petals oa^ faratia

irradiation. Datta and Gupta1983) irradiated budt-iood

of IS cultivq^s o£ rose ^lith 3 to 5 IcR o£ gamroa rayS and
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foUBd ;thQ.t iftQst suitable dos© fear Ijrjduction ©£ mutatiOR

t'las 3 IcR* sijc 0£- tte g^Hiaa iniuc@€-©latattts of mm

have maltiplle^ and Qsmssed foir rej,ease new

vafst 0atta (tSSSI irra^iafee^ of fiiiie

:of rose with grnmiB .rays at 3# 4 aa& S IcH antl. felm Ms vmm

buamd m H^e Ijittce irar^* ^eli^reta-#. R^nctto 4i». ©isr@Mt«'

iag and smrvival wss mbBem&i &n4 toer#ase4 tti®

doge.» t^ith the #ran.^ @e«gati.m baiag tte most

semiei^ and -^tlas of fire"- tfee most resistant.# KeSuction

in height vm also .nofeod# with ^«iCiss of Fiire:'̂ ^ing ttja

least and •• tanitsra® thm moat aff^eted-,- csama rafli-afeion afe

3 IsR was applied "bf tluang aisS Chen U§86| to tte

oi &meml me® emtlvrnrs MoluMng 0rMmm <3l&ry^

superstair# €ordS£5% de sasta^o# fe^re#- Pii^ |sare

B^th sea#, ir^ th© and vM^ ^eporatioiis mutants

wer# B^lect&d for leaf and characteristto-. Beti-aen

3"»8 kB. tr&&tm&ntBiff IS .per csnfe of ttiB plants have putaat:

mM pmdnmd flowers.-# Foiir «sulfe4^^s

•ys^©. 0@l^€ibl4#h:s3 fsroE a table laufeaiit

Se&dB^ 0i tte MtriS0 'Olmi&s lemons Mey^rg- Hew- Georgian

ari^ tlia ©rsn^ Sestnyl (£i€3>d@l),y bu^ of tfes fnaniarints

tsmhlu and Kat^?^©wa@6^. th& lamoa Majfer ^rS the ©rafige

washtegfcon I5g.vQle plants Kawanswase, Me^er and

k^asMugfecm Havel v^& gajme. .irrodiatefi hy JOarkeflss C1.979)
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with various doses, ibe material obtained ipcluded potj^

ploids,. anei^ioids«, albinos variegated.foEms-# . Some; •

mutants wore pbtainsa with .altemd growth,ratCe leaf mor

phology fruit shat® aw2 sia© and mutants ^id.th: m increased

photosyothetic activity, K^rkadse and Kutatelate (1979)

reported that in citrus, mutation fraquaney In the secoM

generation did not ©jsceed I to 3 p©r cent. Di.;ar£ mutartts

with ©arly ripening ®nd fruit quality obtained.

Three useful mutants %-mm obtainadj 1461 a obtained frora

the inanderia Koifctenowasa with a S isR gassaa ray dose» 1430.|»

obtained frcxa Kawsnotsfas© *vd.th 3 kR gaMiia- ray close and.

2128 obtained £ran the lemon Meyer %iritti S kR garaiia ray

dose if i-luang and Ji (1983) sttidied segregation io the

of Citrus sinensis cultivar Jincheiig» Segragatioii for •

leaf shape, leaf siae^s spine and iaternode length ..was - ••

observed in 8 scions out'-bf 14 clonal linsa selected

from scions of Jincheng irradiated with 3^ 4, 5 kR gaMna

rays at a rate o£ 1 kR/h* Roy ot al« (1985) escposed toud«

t<iooa of lemon cultivar Eureka to ganma rays at 2» 4 ao€ .,

6 ]£R» Buds from plants vjare buddfed on to sour orang®

rootstccks along the iion-^irradiated biads® Fran 600 m4^

plants® 'se\>^ral bore seedless or nearly s&edless friiitso

One selection essposad to- 6 kR, was consisteiitly se^QleBs

o^r 4 consecutive seasons. Plants from this tree

also bore see^ess fruit even in mixed plantations®.
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jy^thund'^Zsd© C1979) studied the e£f©ct of i:a«liatl.oti

on subtropical fruit crops». ttien pmrngrmate-a -fig.,? f@ijoa»,

almond ^and pistachio seeds v^re gaisiia ixradiatedg, the

widest range b£ useful mutations xiiere obtainQd %ri.tl> S«>7 IsR

doses 4 rx-yarf mutOTts w©r© the inost ccwion^ dwarfi

pomegranate Khyrdae reashing only 80 csb in fesifhto. imm
' ' ' • • • . '

small leaves and "fruits and floti^rs profiisely tipto 577

fi©wsrs/%tish» "Hie fig Bol (Abundant) the penegranste

ItaratoaMi proflucesl fey rediation-induced mutagenegls*

seions frCfffi three •varieties ^of mango •a

indica L) exposed to gsinma rays# ©thyl mstliane sulplio-o

nata and,W-nitroso-K-ii^tliyl isrea (tmv) and grafted into •

on© year old se©aXisigs# Hi® iiD 50 for gamma-^Arradi&tion

of MeQium ant's Dasfeehari and 'MailiJca "mr® 3«9, 2«9'and 2*4 Mi

respectively® a .plants .appeared promising for dwarf

ness ana in sous fruit (^ualltY was ii{i>ro¥ed Csharma et al»"a

i983).«

Paprstein an«3 Blasek (19S5) inducscS lautatienis ia

apples» Follo^drjg gaimna ray treatment C17«'34 Gy) d£ matijre

feuds o£ coltiver's' Mc Intoslia 1^5 selections witli caipact

growth were grafted on to stock. All selections pro

duced fruits of more •intense colour and four' .shoved longar

Sruit storability tlian the parent*

I'll
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feasible in banana^ itiey also suggasted the use of adif®ii«

tifeiGus fends .©btaitied •fraia csIIms as, startioci iiaterial^s

This approach has also feen sug^sted by latter

Cl5a Gu^aOt, 1975§ &3 Gusm^ ^ alp^ 1976)#

Hsndrasi suckers •treaii^- with gsirma rays fros 1 ko

8 'kt at 1 te- intervals sho^m^ tbat L«D«SO was at 3#3 kR

md tte ^Qdmstion of auci^r© anS survival, decreased

til© incr<aaslsig'^ses of radiation {Gspimofiy and KsimaBe

1978),

B» Shoot tiE> eultyire of Banana

Barker' (1959) has slm-m that aseptic culture

and me ©f growth s-egulators on @ceis©4 sMeot tips •©€ .

desseirt bananas qapable of yielding entir© plants* Ma

and Shii <1972) ^porteS.tte in-'^ltro formation o£ ad¥eft«»

titious buds ia benana slioot apeK following dacsapitation

ming s<3misolid asid liquid .ineaia*. 8srg 'BustamaatQ

(1974) obtained only a single plant par ©s^cisefi shoot

while attenpting felie micropTOpsgation of banana# TIse

applicaljllity of excised ahoofc tip culture tecMiqufa

to a niHfiber of bsnasia elones was assessed by is© Giusiian ^ ,al.

(1976)«

Apical Bieristeras# assptically ramovQa fircs^ rhisc^s

,eut %«ith 7—12 vertical incsisiioas- and pla-c^d ob modifiea
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MttirasMg© and (19&Z) {«Sl a stetar

oi shoot© ©ffeer ^ mornts mm'trms'^

£emB€ to fresh ^lantlate «@.J.i •#§¥©1©^^ ,

stiosfe, asd smt BjBmm after tm Mwa^

Bo^r ant Wmew CltS.a) lia^# r®p©rt©a mm-

pQluts #1 wiiliiM hmm& enittro# ori m'

m©diiii -wifeti kisstin 'Cl5ri) S ppn,*

ClAl 2 fpm md t msi Sa^tlmleae ^eefeie ^wm), tl^ •

#sttt plsats md ^mipMnt r©ot«

J.a§ af"feer f©w iroet #£ t^s©' mn%4 'te fejea^plaHfesi

into poiftli©iis mmmrm€

S-w»y I19S3) el«al ^r^agati®!!: ©!•

-ImsB aemiaata Rmmmm. &m. «ei,s©d eli©©t ^ps culfetired-

on MS ,^a3is@S- sti©#t tips ^Atfe tJj© y©aig®@fe l@aws

©fiif 011® "^4li ©p^ral

©Mar tmi hB^m

^tiitipte plaafeiets# Hi© plaiftfclste

i^m tetto oi ®^I@fits'lia:« fe©©a tsms^

p%mte^ t® soil grswi. m aattiritf#

RapMlf «ttiltipiyiiii e?iltw©.s ©f i#e^rt :^sfia«a

•sil#n©©. im^iiippiras ana *eraiide Maine5

Plafiteirs gI^ess C*Sa&a* -SR^ *pelipifea* 5 ^re ©st^lAsl®^
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from Isolated shoot tips on modified I'lS medium supplenented

StO ittg/i (Croisauar -and Kri!<©rian* i§03).

Hwang ^ ©btaii^d plafitlet© frrai the

dseaplfeat€?d shoot apssc .anS adventitious hud esq^lants of a '

•b,anana sucker •^stablishecl mil tiRdar field eenSitionis anc3

ga-tre rise to matur© plartts i=?itli untfom girowfch and normal

yield of fruit*

/
Krilsorian'and Cronauar C19§4 ..) eould indue© multiple

BhootB ,% reieasing' dorcaaftt bud© at clie leaf bases* Sub-

culturing could im carried mt frofi- tte proliferating mass

of shoots* &r©tc»©!OT like bodies: •mm- foniied at t1^ newly

fOJEi^a .shoot l3>as3S isiiicli. ifituru. produead ©ultiple shcjots.-

VUs'Istelse and Iiawglia <1984? reported high prolife«-

retiv© growth of a:c3ventitious buds# l32r ©'ulturing pre- ^

exlBtlng laaristeras oa a indium with high GftoMmin corK;eR-»-

traticai# Regaiierated plaaitlets are raacS^? for soil tram«

plantetioii Mtfein 3 to 4 iDOjiths. Varietal dif.ferencas- in

the proliferation rates could fee g^uped asGording to

^lioias type# th© hm, abb ^nmes showiii.g tlm-

multiplicafeioii potential..

Bed-cry ^ (19SS) cultured .©>iplants fratt inflore-

sqene© apices of. cavendish and wil<2 species o£ b^ana on
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a with HB ©alts and vitaKiins with or t«i_th©ut gicomh

regulators# ^-^ith th^ plantain subgroup,# 10*1$ plants/

©btai*®d cm^^red tadth 5© |>lsiats or' raore with

the hMk subgroup mA Musa •a^minata*.

•^rmin^ floral apices of Musa acuroiftata -cultivar

eaven^sh isolated esnia cultured on rrodified MS

.medium suppless^ntei with MS^-Bansylanisjopur^rie (3AP) {5 nig/1)

asifi 10 per cent coconut %i?a4.@r* Th© rooted plantlets

obtain@3 by treatiftt, pl^ts ,«ith :th© aussin*,. NM C1 fng/l)

and actiTOtea chareoal <0.,02S9S) (Croneuer md Krikorian#

lR«.vitro culture of Saba banana (Musa balbisiana

cultivar saba C3BB))was 4om by Damaseo an«2 Barba Cl985)«

Corm seetions and shoots obfeained frcsQ plaritiet© <feriv©#

frc»a th© cultur©<a escplants. formed multiple sheets on MS

Hisdium ©upplemsnt^d with 10 K19/I Subcultwe of shoot

tips to fresh iwsdiiiB of the Bme ccm^sition iiicroaseia tte-

number of shoots produced -with eaeh oulture cysl©^' shoots

oultureQ one .i»nth in MS aeSium without ^owth regu

lators initiated roots snd ^rs really transplanted to

soil# 3y ©ubculturin.g every two mon&iBo 200#000 plantlets

eoul<3 be derii^S fr«i on® '©isiJlant in t©n monthe.*
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md peiipita wm;, beixmen solid; Biid •

«aia« R©tidly ^proiifsratilag- ealfewr^s Msre mta-*

hlimeS 0n hS »#«, amt&smlm '2® ' ^ fesrsaiia •

^4 plantain. ,ia-®icr^£'Ope-.'3t4.#n atoAllty,
•«r@ Musa dei^s *• aipl©W

1^16 •C.M^I and t,®trafl.©M IMAAl* • •

'mm Im %Atli

Bpieal ta%al. ©f--22 «iA%ivi®S'-Ci#it«ss aaa#

mi#, ^ ^Si)- ^©-©me^ssfttlly ettlfcm##

tied. MS mm,m-:mMt6imim immM toatfrie acM tim|».

$ti6ci%«»tAp "m^® t# sfeo^t

ifiitisl# ia tft© a^a@a©e 0S apiesi €«@s« Biit.

I,he. swrtivsl rafess ^en a^ieai -^saias s®!:®.

yet^n^# Bmtm ^lantiefes »re stsc^ssfwllF @st^lislie€

i» soil*

mut^mmsiM

ml • • - '̂

Fl«% ^diiicafelon mim calfe^are io^ae^#

is a -iw®!. ©nt tetereatlag ,fiaM ©f ,

««!§ tit® vtriows w©41aM@ M timm

mlmm^' s©Jsj' Clttl')* tesei m a .gttt% «S4r'eet

iu^iract ef©i j^iSfia -irra^istAes- -©ti tto #©sas# s@©d«-.

lings# calli*s eulw®#,# ©xeAsed roets# m&.
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that calitil tissue c 1 ai^s are ipr©

tliaii'iBtacit ,s«iSl.l:ttf&.»

IliSSi %lm% i,ia€it?i.€isal plmt mlM m pollsri

0:'qSm9^ im mlfeure mMm &m m nm^lm resteMai

Mm rn^^UMmm plmm*

ma^m C19783 :Siif^st§ s '̂uovel. ^ppsan^- m iafer-^«;

•elen^i plant. Mpmmmnt. miiliss- tho-

'm& mMcm irariation amociafe@€ wim -prommWA

pXmtm 'timm.^. vatlom ixmiiMo m^

mmm Plrnmm .ginsle mil ^ifia md teuea

M ;gi#r@ .wtwsfe typm tte elii.i»©rj.@8i«-

mmsm, lltSil' iisiag fcre^ation

incite# i.fi^iie®€ ©t ^mmwm m

CmneXion is^mmrnM^ mmvrnmfMm^ i^m :mm.mm.

MM mmmm^ mmt tip

fttooptC^gSfeS.©!! Oi %%» ^flOi^S ©f

wm- asiii««t tli»si$^-

.sEi.sii^set»safe. m -a©!^ mm^: ^%mt wmm

wl%b a^stiMdaa .Mfe#r -oi 0m^m&

%ith .fiiffereiit ^@m #f s -^<3 tt«s- df

sls@©fe i»- m

mm'-m^lm%m$. «# :mmt .3# p©r -^safe

#« tuts© piasli#- mm isafestsi smm^^ t© mlmmM

£V,<:;
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and form of tli© leaves and flovrers (Roest et al#» 1980).

Liu and IJang. {19S5) suggested .that callus irradia

tion is' not potentially useful for inducincj siiperior

mutants* They cultured shcot -tips of oranga •CCitrus siriQsls)

on modified MS medium %v"ith growth regulators follo^^ed by

redifferentiation on bud md rooting aedla# three new

cloths Cfiucellar clonas) gave higher rates of callus growth

and rediffer^tiation than did the old clones Ca chimera

Gultivar)* It is ©ug^sted" that callus irradiation is not

potentially useful for inclueing .superior rautants^

In potatO' (solanum tyberoeum h) adventitious sprouts

of cultivar Bssiree that 'arise by ln«»vitro, X^irradiation

o£ leaf ©jcplants Crscjhi©* pstiolet. leaflet disc) produced

a very hi#i routation frequency a wide mutation

spactrum, ©nd iQxf rate of chimsrism in ..subterraman ard

aerial parts in threa vegetative generations (Harten et ale«

1980). Roest and BoKelmann C1980) studied the vegetativ®

propagation by means ©f in'«»vitrQ adventitiGUS bud. techni--

qu©s in mutation breading of potato, h method for produ

cing plantlets throu^ adventitious shoot and root fomation

frcni. rachis* pcstiole and lea£i©t««blad0 es^^lant© through

irradiation with X*^ays i-mB reported# sumino et (1984»

1985) proposed a procedure for in«»vltro rautation br-aeding

oi potato* Vao himdred and thirty five plantlets obtained
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frdsi teie sa atiifiti Ife
«®r© imitsfetH vv-ltli 3 IsR iW»s f^f^s •»«! stegit

Roa® -pieees 'Were ^
pl-aatlets 6tit into @iiii3.«0fi« fteeas .aai %-^m*

•fe '̂ei. t© fifit^sls «04liii{i*. .tti$' iO'̂ h •fit©'!-© avsi.lafel#-

tie staiss- 15@ we IS m
ierf s43® tad 3f af 1 c^i «»i#w Cia'i^ .grefm.® usX®

' Sfc «t f»er ©plour^ ©r t tf
i%mmr sfe^t a*l^l,i f 9f

stesatt i -of ^ 4i of ester
im purpic » iftfteil# « Idt a«i»ts ft mpm^^
lis®®g«©0«s MMle S4 t# 1© el:ii®eile«. I^4rfa<ili&i®ii
of ti#er «»• mrnrnm mmmSM (mm
ba&- M a plaat wittt Umm tJliMt Ma« ieem
iestgii^ei3 m %VF ^ td

•• liwe^tigatlsBS » feeeu.' f0:aai tlitt »f te0'M mmimmt
wmimim my flai^tropl# (Ea.rtm il,..,,^*:# i'tlS')#-

mpim Ci9^) w® gt^st- tmmm^
@ete» g®»& ••fsfs#'

s#ei8 a^ici flantlets cu1.t\3r©cl fel^ai'ios

•Of stea0^- a»i g»ttli:,: laMMttes «£ leaf'
•«« mmmpW^ •mrmsm* Sfeftei »«i

iii^si#i Saii^ia t3 ^lU#

Rang® C4 :mmmBm} m4
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• Walther 'aisd S©^rer (1986'-a)' analysed'th© raMosensi-

tiv^ity of rose cultivars as a basic r©guir8ii\©nt ffor' in-^vifero

scmatic snutagaAQsis» l-Jodal •&asal. ŝegnents of ia-'Vitro ' '

-growiT shoots of •the •tetraploid cultivarse Mex-eedes,

Gabiaelia#, J^orena... Hs©ta SlSI-l and Qiui£tv»ike %-jQrQ exposed

to x-lK'adiation C30;^. SO' or '60'' Gy) * Bsta 'on storViiral

rates of assplants and axiliary ahoot. production vrnte tabu

lated. Mere©<les was th^ most and llmta was' the least

sensitive to irradi.afeion«

A broad spestrum of variability was induced by

applying ?:«*iray dases betwen 25 afid 60 ^ to i^asal segients

of in-vitro derived micro-»shoots of the cultAvar llseta ,

foXlov^. "by repeated G^jttiag o££ of axillary sheets from

treated nKsthar escpXants, The mutatioiis canprise o£ 73 toer

cent flower mutant^ CsisOe colours Bisriber) 14 par cent with

altered ^owth and 13 p©r cent viith modified leaves

(Walther ©nd Saijcer^ 1986 b),

b) Banana

vjorl^ done so far is very little in gaitma irradia

tion prior to excision and eulturiug of the m^ristem or

growing pDiat (Meiiendez# 19731 Menen«^s and Lioorp 19791

De csussnan et al>. ISSOs 1982)6 This field may be o£ som©

real potential, for bananas^ since th© plantlets produced
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. by asaptie marist^ multipl±Gation procedure are tiny*

t̂hey are well siilted to muta^iissis laatiipuiation (Brmrtjes

, and Van H^ten, 1973? Gottsehalk, and wolf£| 1983) »

Kap C1979) ^d Huang and Kad (%9nS) worli^d on. shoot

apex isolates o£ banana cultivars "Hsien-j©n«CMao" and

"?>©ichiao»'. ihey ti?ere axpose'.d to gaitma rays at 2,5 kR aM

cultured'on &smi«s©lld cultare mediae A-total of Sit

apices -were • treated and 49 plantlets t'oere obtained frm

the first stage of the • ^speriraant. In the second stai^*

•the plantlets mre raised in small pots. Transplanting -oi

plants t© shade and to open field const!tiited the third

and fourth stages. Ih© total time involved vjas two years*

Mutations mre observed throughout tl^ four stages of th^

e3ci^.riKiS!3t., s^e major mutants obserwd in the field mm

of short stature and high yield# early doitei©'suckerijig*'

pale green pseudo-steme rod leaf mid»ribs# and variation

in the leaf—ratio». ..

Yang and Ii@e (3.9813 obtained laaf-shape mutaats

t'itien tissue cultured plantlets from Hsien«jen-*chiao with

lO-'lS era height Ts©re treated with 0.01-1 per cent EMS

0*01 per cent Dss and 0*1 per cent sbdiura aside» Pro^i

thisi dwarf mutants mre obtained in which shoot height

was SO an less than in the original cultivar-# Callus

induction was achieved frcxa embryos of Musa formosana and

ni
u
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from male buds of ''eultivar Giant Gavendisli treated wiXh

0,05 per cent Golehiqine*

i#ien slioot tip explants cultured in modified MS-

medium- were irradiated witb 1«0 kR gamma rays ia Bungulan

variety,s it stimulated several roorphological Serrations

and e3«plant growth was observed even at 2.%3 A culture

strain witii fast and continuous proiiferation was, isolated.-,

ln<»vitro derived "plants s®r© established in the field. an<i
»—ttTt-r- a%WCT8Mtac»»aBg ,

those derived from irradiated oxplants" were simil.ar to- or

soR^tiraes better than thos'e from- unirradiated. eicplants -tiritli-

respect to height., girth.^sucker' production, and -nmaber of

liands per bunch'and fingers'per buncM(J)e<3uzman ^ , -198,2-)»

Silayoi £t al, (IPBS) cultured shoot tip segiiisnts

from the banana clone Klual Horn Tteong (mM on MS medium.

By gasana irradlatip-n -at I'.s/ 3 an-d 4 lirad^ :50O plantiets
ti?ere procSaced within 5- months<, The higher do^,es gave rise

to ciore plants sbowing- chlorosis and nesros-ia,

Novak et aly 11986 a,) -vjorked on ttie radiation sensi«

tivity in shoot tip cultures of banana an<a plantain. Shoot

tip cultures were establislied from 9 Musa clones ana slioot

proliferation in -clones Saba an.d- Pelipita. -Shoot tips of

Saba were exposed to gaiBitia radiation^ raa.iosensitivity

was assessed 'fresh t^eight gain, end shoots clump ratio

3
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diiiriag ttm Mme ymim'mitmSmg h M per mm.

in fr©sli fsHi- 'ai^

•ra%4# Mfeer ©f .'3© t# 4S %•• •

mmt Hua-a- mmixks±.^ elsmes MplmM (m5# triplQ-M

Cf^^l ana %©^apl©M Cmltrnm W,

9^«8a. toraaiatim mi IMS Wm^n% iQ^B to t^$ pm
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MflffigiiALs Aim mimm .

iiwtstigati^ td staadarsStse the

fW ladiie@cl ®iitag©ises4s

ill feamna mfietf Stsidfao CMnsa :paFa?31si.mi5a I**) G'^b

piantsin ifitia MB geaosn® (StsgissSst

m^^mm o£ tiiis vatri^ty mm gr&m

rnli^m aiS&pMm i^eeoir«e-iiiatiQfi^ ©f t'te

0i tlie isi^a *

fna study wa® es3?i»i#ct ia th© Ifefs^iaaat -©f igflgaltttrsl

Botmf.p College- f\gi%cu%tnm-9- feiia^aai i«i»iai 1'^f*-*S3

m& Is; ttm plant tleaia# ctilt-are lafesratsrf ,attseli©A t©

the Bepaytiaeat df Fiaftlatisii Sropsj- Caiieg© #

•feXii&MkMaras. ffectsswi* durii^ 1^6«-^-389 'fh© was

eiwis^ged to arialys© tedaeed ia'^itro aufeag^RSQii' m€ '

indiicei |yi^iritro sto3t«tip etaXtim? feamaa*

fBe <3atalis tte i/arf.©iia prsce^iire Mopte4 presented'

li©r©mder#

l£iStic©a ^agiiie#is

the s»ck$rs for tlie iiwestigati©ii ©aifeed

separately ilependiag m tfee ^at© thBlr aai

ttea ac^raiisg td maturity intes isae

sioQtlig aiitl "feSiree ©aaths oi<l $oz^* collect©^ itdasoaes

^e^eii isith ^liariy a»d #3lj for pr^teeti®
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agaiiist pests and diseases. After drying tham for three

days-i these coirms iisre stomd under shade for five ^ays

errsnged horizontally on plsr&s*. These •mc!<.er$, mm use4

for 'ganima irradiation.

ifie following types o£ corms tier©' .used for treat-'

ments., Tsaenty EIvq to 75 per cent of tte pseudostem was

exelBQd off at thm- time o£ e5Q:)0Siira..

« one month ©Id i*iiole csom ' . • ,

Tg - one month old com with tS' per cent pseiidost®i

-» Two months old whole corm

- Ito monfelis old-coriR with 7S per cent pseudostem

Tg « Ttm raotjt!-is old -com wLth 50 per- cent pseudostem

Tg - Three roontlis old corm -vjitli 75 par .cent •
pseudogtem

-• •Hiree iaontii# .old comn .with 50 .psr ^iit.

psaudostem

Tg « fliree months old com with 25 per aent
pseudostem

Garcsiva source

l^e irradiation of suckers t%'es done using

gamna cell unit installed at tte Radio Tracer Laboratory#

Kerala A^iqultwral- -UniirQrslty, Vellamlt!tara.» Thrissur#

The gansna source is stationary and irradiation was done

by moviug down a cylindrical gaslset carrying the material.
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f-lKTHODS _ , ; ; , ; , • ^ •

Gmma ixradiation •- • • • • ' "

Ten suckers frcan each grbi^ ©£ one month old and

-tvj© raootlis old full c'orm, on® month old^, tw months .©Id •

and thres months ola conn with 7S per cent pseudostems . ^

two months old mnd three months old eonn witM' 5G per G&nt

stem and three Bionths old com %4th,. 2S per qent stem

©3^sed to i*,©,, 1.5# 2oO» 2»S ana 3»0 ItR at a dose rat^

of 0«228 im/hrn Planting was dom on the day after the

exposure iM Split Plot resign with two r©plieati©n§..

Raising vfl, germration

irradiated' coots along with their conitrols mrQ

planted mpri^it in the centre of pita of .aiss SO e®^ with

5 €sn of psetKaostem reraaining above the soil at a spacing

o£ 214 H 2M 'in t^ r^lications of 5 suclsers eaeh» iksod

ash at the rate of 2 kg® lim© at th© rate oi 1 kg and

phorate 10 p@r cant G at the rate of 25 gis \-iar& a^liad

to each pit at th® time of planting-o E^rtiligers were

applied at the rate of 190 ^ W» 115 gm ^

KgO per plant per year in tm equal splits ie in tha second

and fourth'months aft^r planting#. Cowdung was applied at'

the rato of 10 -kg/pit for all treated and control plants*.

Irrigation i-r&s- provided as and when required.
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Uniform field conditions tjare provided for tlisse

plants'till'liarvejat* All fete fieia •experiments relating-

to tfiis ware conducted in .tiie escparimentsl area attaclied.

to the Department o£ A-gE'icultural Botany, CoXleg© of Agri-

cult^e-, Veliayania Ifea ej^rircent was' conducted during

.J.9.S5-'86*

Obsas-yations • • • • '

•Rie observations 'taken in the present study. %ere

grouped mder ©i#5t major heads, MX the eight obs©rva-»

tions were taken from vf>!^ geaerationo The first observa

tion ie ^rect effact of ganwia rays on sprouting vias

eliminated in vM^ and generations as it is uot pertinent

to these tw later generations.

h* generation

The direct effect of '^"co gairffla rays x<i?as- expressed

in the ganeration#'

1. Spr-outing

,• a« Days taken to start•sprouting

b. Days taken to ccaiplete sprouting

c. Mean sprouting percentage

d* Survival percentage

60,

J5
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4# Plant.'^ • ,. : ,

b*' NuHibsr qM ftaa^feionai l&m'&B fiiamfe

Qi^irt'h, of ppeuflostein

3o. erow^di .at tHa time.of h^^st

FXamt liei^fe. ^ ^

fe.,. ©f ••fmdtlmal leaves- p&s plant

'©• ^irth ©£ ^p@u<30stei!i:

4# .,ShQ©tiiig

. a* saars t#c0a t6» ifeusfelnQ,

•b. •.©ays ih©©tiaf fc# harvest

- c» tet^l •#?irsfcl.oa' '• - '

i #, B\tti©h' ^.#iapEr.%^ter© •••'•••

$,• mi^cst 0S humh'

, b*. liQIJgtfe 0£

-©♦ .®f. ManSa- per 'SsmntSi

€♦: limit ctiaractara

Si. ©£ .ftog©rs

b# llwEibair fiq^aar-g B^auS

a, of •fiii.^r

B-m ®i fitifer
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7e Fruit quality Aoaiysis

a» solyJsle aolias

b» Total sugar

c, ftcidity

d» Sugar s acid ratio

8# sSeoaral observations

a.- GhloTOpliyll (ieficieucy

Morphological "variants

vM^ generation'

Observations' on various growth parameters %p3r©

recorded by adopting the matliod o£ Yang and Pao (1962),

1* sprouting

. a» O^ys taJ^en to start sprouting

MMbar of days taken to start sprouting was ealcu-

lat©fi £ran the date of planting to the date of •ftirsfe err^r-

g@rsce of sprouts oil-©ac:!!: treatmerjt#

. b. Days .talcett to complete sprouting

Nifiiiiber of days talten to complete sprouting was

calc.uleted from the' date of i^lanting to the day of errisrgence

of ttie, last sprout in each txeatTOsnt..,
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a. aeaii stsroutlng percentage

Sprout counts w-are taj?en at five d®y intervals

from 5th day to dQth day of planting® 'Total sprouting

percentage xms estimated from the values taken on the day

after which n© further^ sproutiftg was observed., itie minibar

of suckers sprouted was ejcpressed in percerjtaga values.

d,. Survival perdentage

Survival percentage on 30th day of sprouting of tha

sprouted suekers per treatment was calculated»

2s. Growth characters <90, days after'plsnting)

a» Plant height

Hie height was measured from ground level to the

point isetiv-een tha foungast and subtandisg leaf sxils,#

Height ivas ta]<en on the third month after plantltsg. Ihe '

average plant height for each treatment yms calculatsd and

expressed in cm.*

b» Number of functional leaves per plant

• Fully op^oea functional leaves present or the tMrr3

morith of planting was recorded. The leaves produced par

plant 'w^re countQ«3 separately an^a the average values per

plant per treatmant were determined#
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Co, „Girfch of, psoudostem.

Glrth.of pseuaostsm wag maasured at a height of

20- cjas from, groimd^ level at 90 days .after, planting. The

average.values per pl.arit p@r treatment .Mere, ealcylated and

esspressed' in cm,.

3, Growth eharaqters at the time of harvest

a*' Plant hei^t-

The height was measured from grouRd level to the'

paint bett(^en the youngest ahd'subtending leaf a^cils*

Hei#tt was te^en at the tims o£ harvest#

b*, Mumter of functional leaves par plmt

Fully opened functional leaves present .at th,e time

of harvest was reccsraed* the leaves produced per pl.ant

were counte<2 separately and the average^ values per plarit

per treatment detsrmimd,

e# Girth o£ pseMost^

Girth of pseudost©m v;as measured at a hei#it of

ZO cms at harvest* the averag© values, jar plant per tr®at-

raent is,®r0 Cilcsulat^cl and in cia.

4*. shooting cfliaracters

a. Days t^en .to shooting

•Jhe dste .©£ shooting of each plant per treatment
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was observed® based on •wfiicfi the nuniber of days taken for

shooting by each piapt was worked out and averaged,

b* •Days •taken Sr^rn. shooting to liar^est

Basad ©fi the dates of sliocstiag and 1*iarvesfc.» the

niimser of days taken for bunch maturation %-ias estimated

and avera^ values per eacli treatment isere vxarked out®

c,' Total dusraticTii,

Based on the ^aejtes of planting and'harvests tbe total

disration taken by csach plant par each treatment v^es recorded

©nd averaged.

5» Bunch characters •

Bunches wer© harvested .vAien fully matur© as IndxcateO.

by tiie disappearanee o£ angles frcm fingers (SinaTionds, 1959)»

The following observations were made on bunch characters.

a. X'^igbt of bunch-

Peduncles oi the hairvested bunches %jax'e eutg, leaving

22#S cm ©bove the first-han^ anQ S,.d cm bslo\^ the last hand.

The bunches of the plants par treatment vjere v^aighed and

tha X'jsight recsorded in ItilograHs

be usngth of launch

length q£ bunch ^i^as jneasured from the point oi
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attacliment of the first hand to that of the last haiid.

Average length o£ bunches per treatmant was warked o.ut and

expressed in centiriietres,

Mmber of YimAs per launch

Hie nuiit>er of hands the bunches produced by each

trestment V7as counted and avara^d.

6. Fruit charsGters

a. Kumber of fingers per bunch-

Hie nmhQr of fingers in the second bond of the

bufjGties 'produced lay each treatmeiiiti was counted snicl aireiregei2

following (Gottreich ^ 1964) •

b# Muffltoar of fingers per hsuQ

Th© ntgab-sr of fingers in tha second hand of tlis

bunches produced par each treatment was counted.and the

valu€ss raoosrded (Gottreich et 1964),

c# fjsngth &£ fingers

The length -of the middle £lng«sr on the top row of

the second hand ^Gottr©iGh ^ al»» 1964) of the buochas

produced per treatinent was averaged, Uie length of the

fruit vms moasureid as tha distance batwaen the stalk and

the apex recorded in om«
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d, ^Girth :6£ £in^r

, The/girth was. meastare^ at. the middle portion of the

middle fin^r on the.top .row^of thq second hand arid average
valu0 per tmatroent was reqordad in am*

e* I'v^i^t ©£ the fin^r

ii^ight, 'th© middle finger frcw th@ top- rox# of

th^ second hand was t^cen* airera^d and recorded in gins«

-7 * Fs'uit quality an^ysis

'I'ho frtiits isolieeted from .?^ll ripe bunches Ts^re

used for qu^ity analysis, fhe middle fruit in tiiB top

w&w of th6 ®s#orid h@nd tfas s@lsct@d as tfe y^prso^ntati's?^

sampl©, Saniples vmre ,t^eh frcm eaoh fruit from, three

portions, ifi®. top.* loiddle and bottom* flisjse triplicate

samplQs wsire used for aaalysiS as detailed laelows

a» Total sblutoie solids ims)

.Triplicate samples as itisntioned .sbo'̂ e wssrs us©d £or

the analysis of to.tal solul^l^ ^lids (^ss) which was found

out ii0iMg a pocket .r©£racjternet^ and .escpressed. as pare©?!'-.

t.age«

t>. Total 0U§ar

the total sugar o£ the samples mit-Q determined as

per the method descrilDad by A0i.C(l96S),.
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Esfeiraatlcsn of total sugai?'

Plpstt@a 20 111 of puljsed solution.and aiScfed 5 ml

CORC* 'Hyoroslilofi^j aqM,*, , tt was kept for 12 homrs* on

ne3ct day added 1,»0 H ©oaiitn hydroxide tiir the litmus

paper turns blua» This I'ms made upto lOQ_role Pipetted

put 5 ml &ml% of Fehling^s ablution A and FehlingVs

solution S into a 2S0 ml conical fiasK.,. Adfiea 4d ml of

water and 2 or 3 glass to^aOs the 'contents tooiled

vigo3e©itisly»- made up'S0l%xti0n feur©tte €ill

the blue eolbur just turaed into reddish.# tfien adclea:

0,5 mi of nethylenQ blue .and alioi^ad it to ixail for

i ©inutef liiile tte contents' are feollisig ^oiitimiesl tlie'

aa^ition of pulped soiutidn ^op by drop till the Mu©

colour just disapj>e-ar®d md t©rmana.nt Gbl&m: per-

sisfeads Hot©# th© ^c>l.i»ne of" pulpa^ 0©lut.i©n ratt <3mm

fr^. tli^ biirette*'
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Five suckers pax- each treatnent were smeare^a cow3tmg

sliirry and ash. After drying them for three days,, these

eorms wem stored under shad©'for days arE'ariged

horiaonfeaiiy on pi®rtss« 'Ifies© were planted as psr schedule

given for vM^ "generation* th© crop was raised during
2.986-»®87 at th© College o£ Agricultwre, Vellejaai*. Detailed

observations ^^ra taKen from £lv® plants each p©r treatitient

in vM- on ail char§ct©rs^- as—liBt^^'^aKW^e^liMing-'the
»&

first ^^haractor#

C-. vH^ generation

selection and raiaing of mst^rials for §e«sratio!i

vMrt plants %^re harpssted and 10 suckers per each

treatment xmroi ©elected to raise vi^!^ sganeration* All

sudkBtB t^r© sroeer^d with cot'.Jdiing slwry and ashi A£t©r

drying for three days, these eorras imre stored under shade

for five <3ays* Tliss© suelcers were G.arried foroaM to, rai^

generation, the plaiitiiii, manuring and irrigation

ware ^one as described earlisr. The crop was raised during

1987-'88 at the Gollsgs of Agricultw®* Vellayani. special

•care was taken to provide' Uniform field conciitionS' for the

entire crop till harvest#

D©taile<3. observations ifjere taken from 10 plants per

each tre.ateiant as esiplained earlier for vM.2 generatiorio
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ll* Induced fmitagouQsia irs'^vitrQ-

the materials fm fefee Qultwce-

shoot tips 0£ feanaBS fvar* SfencSrsn) i.©0Xat#a jEse® sueters

ooiiaqtecl frcm Miich mm grom- un^r ussifsrii' con-^-

dition© as mntiXoneA- earlier,

HStHom

ftiree aodifiesti^fis of tte'm triea

for %lia Ss^wstigation^ ar@ iiquM o^^iiigi -of Mrilcorian

Grommeic C1984)» &mi. soiid K^ia ©f swamy ^

Cl.983) aM Bomt m6. Fr^ar |i982K mt o€ them: ttm

,iii©ai,«® fmauisted isf MxMmrlm and Qmrnamw w®s fem^' t© I®

iRor® effcscfciw feanms.,,

Bhmt tips tjer© isdlsfted Rowing Bm^sn* Hie

outer il€5©tahaaths mm ^eisKJi^d till the ©hoot ap^

ttQasmrad ©p^jrosciwat^ir 1 •«! aqeo©s I^as© .eiid 2 m&

lielfjit* fii<9 ©hoot ©p^. Mas esicised hf musing four' imcl^

Blom feiith a ®€aXp©fe into ^le cmm hmeath tli© &pexm -Ha©

<^oised apeK aterillsssd w-^ing Bfere-urie eiilo^lde i0^m%)

anS, id-tli stejriM 4i©tiH©-4 wat^r# efeeriligssd

aipax was transferrs^S to cultmra. isadim mlnq steriX©

forceps*

•fli© 3..^iiid »d.itsi im tlie BhoQt ap«^ eultiir© con--

feaiji©^ MS saits ^wp^ies^.nteia with S#.5S mtc^moXes i m)
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ilieg^feoli y4 ®tMaffiin© !Sl#-22wO®^ ®B&P* #*lt M
amerase mA IS. peir- eanfe eoeonrnt WBtmm •^ fK' of, tfee siedlia®

ws a^,|uste€ fe©' S:»80- wsinf Mapi.#' fti© froMiaa

ga?eeii-I,©' days'-ana felieB -to \ ••'

mnt: rnqm fioir ..sb^t

sJihgl# «bs?©i?@ £omm& mm ^^mlng

ffisftf •sia.al.te %, ettfefeiRf thm itit© l3aJ.fi' loufi*.

tttfiiaaliy . fete. Si# ,bls^@«©^ .alifot f̂ea©©s

„wr^, trtosa ti® .sia© .eiearl-? ••

•..visA&ls, ttey mwm transfarireS t©- -fresli meaiwu.#: -•

w^l.fitaiae€ ^..transfsa-tef. te .fi-eafe. enlw®

a©4i». .s»^,,-«parafeiji9 tM© ®«ifeipie J,tt tfea smm w^y _

3-4 m®W- .rontiaslf« - -•

• cawma. irra€letioii. . . „ • ',. , . ,., ; .

••• ••'-/ fl'^1ss..e©atMiy.ii9 isultipl© shoots .

- -td ^eaeii- &i %hp .©%S&».: 0»?S». l^OOg-- ;I.*2S ^an# l«i# l^'
-gQ . "

'treatiH^ts'©€ €b f»ms .irradiation#.
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ware.sBQXi at the shoot base viithin 4«5 days. Single shoot-

lets were tr.ansferred to prormix-variniculi'te medlm in

small. Gountiry pots tvK? ^«;ealc,s. aft«2r roofeAng^- , ThBy '.i-jere

traiisffrred t© normal green hom&. cofiditioiss on the iOfeh

day. On the 90tli <3ay tlie. plantlets, i^ere trsnspXaotad to

th© field#. The iilaiifes grew vigorously.#

Dstailed ©bsanfations ii©r© t-ak^ iram film plants

par each txeatmesits for tiie cha^ecters as psr schedule

given €or ^sneration im in^viyo. i^uced mutagenesi® .
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a . Days ta)ten to start sprouting

size of

suckers
Con

trol

GaiTvna ray Exposures
1 IcR 1.5 kR 2 kR 2.5 kR

^1
/

10.00 10.00
/

11.00 11.00 12.00

^2 10.50 10.00 11.00 11.50 12.50

^3 10.00 10.00 11.00 11.00 12.00

•^4 10.50 10.50 11.00 12.00 12.00

^5 11.00 11.00 11.00 11.50 12.00

^6 7.00 7.00 7.50 8.50 9.50

^7 7.50 7.50 9.50 9.00 9.00

^8 8.00 9.00 9.00 9.50 10.00

Analysis of variance

• Source F value CD value

Treatments 19.07** 1.04

Exposures 12.07** 0.80

Interaction 0.26

Table 1. Effect of Gamma rays on sprouting (vM^ generation)

Days taken to complete sprouting

^ , Gaima ray Exposures ^3.0 w con- 11.5,.33., ^ 2.5
• trol ,

c• Koan percentage sprouting d . Percentage survival after 1 month (seedling stage)

Control

13.50

13.00

12.00

12.50

12.50

10.00

10.00

10.50

21.50 21.50- 22.50 22.50 23.50 25.00 41.00 40.00
22.00 21.50 22.50 23.00 24.50 25.00 25.00 24.50
21.00 22.00 23.00 23.00 23.50 23.50 51.50 51.00
22.00 21.50 22.50 24.00 24.00 24.50 45.50 '45.00
22.00 23.00 23.00 23.50 23.50 24.00 36.50 37.00
19.50 19.50 20.00 21.50 22.00 22.00 99.00 90.00
20.00 20.00 22.00 21.00 21.00 22.00 99.00 91.50
20.00 21.00 21.00 21.50 22.00 22.50 99.00 89.00

31.00

24.50

51.00

45.00

36.00

89.00

85.00

87.50

30.00

23.00

4S.50

44.00

36.50

87.00

85.50

75.00

29.00'

22.00

47.CO

43.50

35.00

86.50

84.00

71.50

28.00

20.00

46.00

44.00

34.00

85.00

82.00

64.00

1 kR

Gamma ray exposures

l.s kR 2.0 kR 2.5 kR 3.0 kR

80.50 65.00 55.00 47.50 45.00 44.00

60.00 50.00. 55.00 50.00 49.00 47.50

90.00 87.50 89.00 75.00 50.00 49.00

80.00 75.50 74.00 50.00 49.00 47.50

70.00 69.00 65.00 65.50 62.50 50.00

100.00 99.00 97.50 85.00 75.00 54.00

, 99.00
r

95.00 95.50 72.50 55.00 49.00

97.50 . 90.00 77.50 70.00 50.00 49.00

F value

7.62**

22.34**

0.74

CD value

1.24

0«60

F value

606.33**

43.82**

5.55**

CD value

Analysis of variance

Source f value CD value

3.61 1

Treatments 20.41** 9.1

1.88 '
Exposures 42.29** 5.92

5.32
Interaction 2.33** 16.74

cn-
o

• s



r '• • 1
) -

51

mm 9*0 t® Ctg)# tfet m^mm rmge i-m
frnmA ia 1*0 ia »i »<3 ^3.5 <3ayg ift-. -•

' f^)ii Im all tlie suckei^. #1 AX£tmrm% ag® siaies
t&f ^jAsaa delay wti obsewed ia th© Mgliest escposuf^n

fM r«# %?»# 'fr#® fit® f3^#:5 'for 10»5 t# 13.*0 for

fg ,; 1o«0' to 12.0 for 10.5 t» 12.5 for 11 •O t@ ,12*5
foi* f «0 t:© 1't«» -to lO'̂ O, for sni 8*0 ti

10^5 tor t'a f« cont^l asi j"#0 l£E-pespe^i¥@ly».

%) -^fs t.ik#a to sprouting . . ' . •

• fit t^al "mmhm' df• iay^- to

i^ed fri» if^)' t0 M^Q C?t^ ^4^ %) ia Qmtrol
Ctg) t©' i3#i Itg) In-I# ttf

(T^) t:@ 23*0 m If5 It. g«s@a mj

flse-r^e nm fraa-il.#® CP^) t# 2##- Cf^l'la 2.0 kt m^
21*0 {Tj) t& 24.5 (fg) i» 2#3-Mi. Maxiaii® delay W
sprouttosg ,(22,0 aays ia mi an<2 25>0^ iajrs ia

i . " . ' '

' fg) was fo^:i .#» $00 .&! tfidtttest. tbs swc^@^: ta
• popiilstlai ©oaplete^ Bpm^ixm relatively earlier tfeiai

. 3*0 fwwa Sje sneters- la csntrol popa?^

' latioBt i»@eiseefc.l'«"0' if tmir Bprmtitm •

witMm 19#5 to 2P.0 iays»

.ifroutiJig ftr^eiit'ag©

f spraiifclag

m

m C^g^- ^



! .

52

in •doiitroa,- mmtmnmt t^e ImmBt

•Btresiitiag pe:ye@B'tafa' was: skmm % 3«0 liR "tireafesMfit. ia

t20#Q| mdrtm •nighe&t ms #i |91*i) msSm 1*0 kR

te) # fiie ^aiuea mm

m f 2 m ail til©' :. of

•BuaMmBtf tlm- iS23:mt ¥3©r«^Jitsge^ &pmwt±n§ m^um0. witfe

iSG^^as© M

, mm ImmBt. values wre nmm. in f| i» felsi-^ hifter
C4l*s m, M^O m&-m 2»Q- to 3^0- m^ mm M#iest

ij^aiyiep' in •I'Taisie Id),# 'Hi# in

100,,.# 1ft t© -3.4,0 itt 3s.0 1m,

Tm l6we§t p$#«»sfes:ga M 44#@ mm mmd 4ft ^
3»'Q isE ^5spos.|s^ef.,

S/®owtl% l$Q days ^t^r'planting):

:s£f^fe. .^i Mi'i^mm rn^sm^m ms' ^mtmm m^0 m.

^owth im aimt plaiitAapl M smMem <^ •

mSimmM. .«9e §r0ii|JS3. afl-<l mmB i£ - .gir#s«ate€- ia f^ic2 ,i. •

ir^4^fei0a .«s#ii:@: tre&t^afes,* tsiposti^@.,@ and ' -

fcl^^Ig- ^nfe^aotioa^-m#. ,p©%©a ireape^t m ^irtti -of

ps^,^d©steij,. i'l^t m4 oiiiasfer m£

•si:^ifiesnt aiily. »o«ig tmBWmm mi^ s3i,ffererjt

gmmm.



a- >)

-A -

Table 2. Direct effect of gairma rays on growth characters (vM^^ generation)

1. Plant height (90 days after planting^ (cm) b* Number of leaves (90 days after planting) . Girth of pseudostem (90 days after planting) (cm)

size ofControl Gamma ray exposures Control Gamma ray exposures Control Gamma ray exposures

suckers 1 kR 1.5 kR 2.0 kR 2.5 kR 3.0 kR 1 kR IS kR 2.0 kR 2.5 kR 3.0 kR 1 kR 1.5 kR 2.0 kR 2.5 kR 3.0 kR

•^1
137.50 136-.50 136.50 135.00 134.50 130.00 6.00

v

5.50 5.50 5.00 5.00 4.50 19.25 19.20 17.75 17.74 18.55 18.18

• ^2,
139.00 139.00 137.50 137.00 135.00 134.50 5.50 5.00 5.00 4.50 3.50 4.50 18.25 18.20 16.80 16.90 • 17.75 17.10

^3
137.50 136.50 136.50 135.00 134.50 130.00 8.50 •• 8.00 8.00 7.50 7.00 7.00 20.98 20.94 21.36 21.40 21.00 20.75

•^4 140.00 138.00 137.50 137.50 137.00 137.00 7.50 7.50 7.50 7.00 7.00 6.50 21.65 21.45 21.25 20.47 20.55 20.95

^5
139.50 140.00 138.50 136.50 137.50 137.00 7.00 7.00 6.50 6.00 5.50 5.50 21.40 20.68 19.25 18.80 18.70 17.90

^6
140.00 139.00 136.50 135.00 134.50 134.50 • 9.00 8.50 8.50 7.50 8.00 7.50 27.70 26.90 26.70 26.90 26.70 26.40

•^7 141.00 139.50 139.50 139.50 138.50 138.00 8.50 8.50 7.50 7.00 7.00 .6.50 26.75 25.85 25.75 25.65 24.75 24.40

^8 154.00 149.00 148.00 148.00 146.00 140.00 8.50 '7.50 7.50 7.00 • 6.00 6.00 25.10 24.65 23.45 21.10 21.50 20.60

F value

**

128.23

**

26.75

1.68

CD value

1.18

1.14

F value

11.58**

9.43**

0.27

CD value

1.21

0.59

F value

5598.62*

220.11

26.86

CD value

0.15

0.14

0.39

CJl

•w
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Table 3. Direct effect of gamma rays on growth characters at the time of harvest (vM^^ generation)'

Size of

sucXers

Control

a . Plant height (cm)

Gamma ray exposures

1.0 kR 1.5 kR 2.0 kR 2.5 kR 3,0 kR

^8

305.40

303.65

305.00

300.40

301.75

304.95

303.85

299.55

300.50

299,80

306.30

302.60

299.55

304.80

303.30

299.35

Analysis of variance

Source F value

Treatments" 0.65

Exposures 183.68**

Interaction 8.59**

300.60

299.70

300.10

298.45

299.45

300.20

299.30

299*. 60

302.80

300.50

299.10

298.25

298.75

300.15

299.50

296.60

CD value

0.56

1.60

300.05

299.10

299.40

298.-20

298.65

296.65

299.85

294.75

293.95

292.95

297.20

296.65

297.90

296.55

296.15

294.65

Control

Numbsr of leaves

Gamma ray exposures

1.0 kR 1.5 kR 2.0 kR 2.5 kR 3.0 kR

11.00

10.50

13.50

12.50

11.50

14.00

13.50

13.00

10.50

10.00

13.00

12.50

11.50

13.50

13.00

12.00

F value

35.41**

8.55**

0.46

10.00

9.50

13.00

12.50

11.00

13.50

12.00

12.00

10.00 10.00

7.00 6.00

12.50 12,00

12.00 12.00

10.50

12.50

11.50

11.50

•11.5

10.50

CD value

0.89

0.87 ,

9.50

6.00

12.00

11.00

10.00 10.00

12.50 12.00

11.00

10.00

Control

.45.00

43.00

48.00

47.00

45.45

55.40

52.55

50.50

c . Girth of pseudostera (cm)
Gamma ray exposures ' •

1-0 kR 1.5 kR 2.0 kR 2.5 kR 3.0 kR

44.95

42.90

46.55

46.90

44.05

54.25

51.20

48.80

43.050

41.60

46.25

46.55

44,00

52.55

49.25

47.15

43.10

41.50

46.05

45.40

43,75

50.65

48.30

46.40

F value

35.79**

7.76**

0,22

. CD value

1.88

1.53

42.15

41.05

45.30

44.25

43.45

49.45

47.55

46.00

41.55

40.25

45.05

43.75

42.45

49.45

48.25

45.30

cn
CP

/
(f



57

3a)'.*i tn jrest ©£• tte ti*0a^,en;t;B. tti@

rm^d 299^9 %m .300.^60 in %.^$ m$,m

{Tq) t© 302*i0 (1^) in 2«f 294«.^S t©- 3^*-0S
in m 2t2.ts iT^) m gPt*®o (s»„) I'l^. Zf.o m^,

^0 ©isgoBiie# C3«.0 teRj i?«;csrci0(S tit©' %mB&t mmm*'

h <i©^©i9S0- te. p3.-au% t'ms fiofeic$«i witt Ifscreasifig

a©Bes m gmmm mm&mm in mm Mfmmnt

^ypg m&. mzm mmrnm^ in

SfO IsS was 'iRp^ tksfi

b| 'Mi&fetr of fwsatioiial.. ,2.©®?©© p|.^i

iiffietioiisl,, tmms. pm i© c©#itrQX

mm Wi3 m f^'m m-^0 te #iile in '
to raHQs- 'm& is^m !.©,§ t# il*.s M IS UUt f*s

ii.:S- ill 1.5 tcr %M*s m. j«R. it,s.

2:* 5 mi ma 6#0 to If,*0 is sefi 3te)*, Us© fflssciimim

©f, ps:r plpst was isy Cjotiijfoi ,aBit

iB|;iiiii®i. 3,fQ Ml $M fell© 8i,s@s 0£ ^w^&rs4.

lm£ mmm mmmm^ pso^mimif mm mum^

m tesa^nt npto- 3*0 m Mtfe ttis i^anga m mmeme fe«.

tl.«0 t# t#s in %. m«$ tm :$*© ttt i3*i tm ts
*•* is# ^ 3;j|.

•ia«5 IIm ii*a m lo*© gn % t4.«0 m is.O'm

US m ilL»0 .in aad 13*0 t© 10*0 im

c) Gimh of i$m m)

•®l3e -a^arj m pBm^&Qmmx te e«itif©l



frsm 43»Q0 in, %©• 5S#4CI cm i.n (Tmtofe 3c;-)«, Tha

4fs me©® mlwe snck&^B.

4a«90't© S4.*,2S ift i.*0-lst:# 4i#€0 to St*SS |»5 l«&*.

4|.t50 S0«€S m z*0 4i*0i 4f«4S in feR

40 •2S •^0- 40;*4S 4ia 3*o-'M» iScc^t ifi i» ali ofefisif ferret-

•ineBfe® po^wXatim r®cor4©.^ -feli® yal\ie.»

4, Sl5®ofeiUg cfeaE-acter©

Bffeafe of varioxjs •02^0tiires srays. oa

-€lm£'m%^w0 In ^yoiserei of differe«t -m^

0i2;os /'s In W©4# 4# statistical aiielfsis oi •

tfe0 data -SKtif

rp>y Q3«|5C»0W«?s .s?5«a tfeeii" iiitgsractioiis mws^Bpt .to tli@

ef 4ays. tsleii to .shootiiig*

a) tai^fsB to :^^o&ti.ng

fl» ^,©ys -tsiksn tQ. Stt fg t# Tg ciontrol

population retard' 223*0.0 feo 2©3..»SS (iraiJl© 4b)» the

1ft <3afs t^aken to- sMotliif. the oi

=!^^Bnm:'oi 's:BtB:m^B 20|.*8i t# g2#*DS ifi

•t»Q :islit i®%.3©,t0 t24..4S ia t,*.S; Mi*- mum 22S#Sd M

a.© kEi, 202,55 to aas.ss ifi-.2*5 Ma..; ail# a03..*g5 ,1:0 t2&*90

in 3,».0 -la# •'tlw fiotf.'^ssrittg eliaratlQa- with lusereaiS©

..iiri <sscp0@m?@s. & to fg -mmmpt in an<3

c<?iitr©i t€^k tlie lovJsst .BWPfer o£ iays -©f 22;3,*.@0# :2ie#60»

2©8'«.i5| .tSS^lS,. 203,00 aRd .261#81 isr .^heo&ifig witil®



Table 4. Direct effect of gamma rays on shooting characters (vM^ generation)

a. Days taken to shooting

Control Gamma ray exposuresSize

of

suckers
1 kR 1.5 kR 2 kR 2.5 kR . 3 kR

^1 223.00 224.05

^2 218.60 220.05

^3 215.95 216.00

^4 216.75 216.10

^5 208.55 212.70

^6 206.15 207.00

^7 203.00 206.00

^8 201.85 201.85

Analysis of variance

Source F value

Treatments 55.69**
Exposures 9.31**
Interaction 2.03

224.45

220.65

216.50

215.90

214.45

207.80

203.10

202.30

225.50

222.20

215.65

216.90

214.30

207.85

204.45

203.05

CD value

3.59

0.86

225.95

223.25

215.30

217.55

212.25

207.95

205.05

202.55

226.90

225.45

213.75

217.45

218.60

208.50

206.10

203.25

Days taken from shooting to harvest

Control Gamma ray exposijres
Con
trol

c. Total duration (in days)

Gamma ray exposures

1 kR 1.5 kR 2 kR . 2.5 kR 3 kR1 kR 1.5 kR 2 kR 2o5 kR 3 kR

97.60

98.05

94.05

95.00

95.45

88.80

89.60

91.15

97.70

98.25

94.25

96.55

95.85

89.15

90.15

91.30

97.70

98.35

94.95

97.35

96.45

89.30

90.20

91.40

Source

Treatments

Exposures .

Interaction

F value

3719.80*
116.49*

8.38*

98.10 98.35 98.10 320.,60 321.75 322.15 323.60 324.30 325,.50

98.45 99.50 98.70 316..65 318.30 319.00 320.65 322.75 324..15
96.55 97.85 97.35 310.,05 310.25 311.45 312.20 313.15 315..15

97.80 99.10 98.40 309.,60 310.05 310.40 311.55 312.85 312..85

97.00 99.00 98.50 304. 00 308.55 310.40 311.30 311.25 312..10

89.40 89.00 89.50 295. 65 296.15 297.10 297.25 297.85 297.,95

90.20 90.60 90.45 292. 60 293.10 293.25 294.65 295.65 296.,55

91.60 92.70 92.25 293. 00 293.15 293.70 294.65 295.25 295.,50

CD value

0.20

0.21

0.60

Source

Treatments

Eixposures

Interaction

F value

2165.20**
243.00**

8.57^^*

CD value

0.32

0.32

0.90

cn
CD,

-P
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Table 5. Direct effect of gamma rays on bunch characters

a. weight of bunch (in kg)

Control

b . Length of bunch (in cm) c. Number of hands/bunch

Size of
suckers

Gamma ray exposures Control Gamma ray exposures Control Gamma ray exposures
1 kR 1.5 kR 2 kR 2.5 kR 3 kR 1 kR 1.5 kR 2 kR 2.5 kR 3 kR

7.42 7.13 6.90 6.81 5.62

^2 7.40 ,7.11 6.84 6.69 5.60

8.05 7.69 7.73 6.90 6.55

^4 7.94 7.97 7.02 7.05 6.27

VJl

7.84 7V87 6.95 6.90 6.20

^6 9.45 9.40 9.35 9.55 9.50

^7 8.95 8.85 8.66 8.20 7.21

CO

8.41 7.74 7.79 7.82 6.75

5.10 29.45 28.19 26.19 26.05 24.05 21.20

5.01 29.35 28.05 26.00 23.19 23.49 21.05

6.30 31.19 30.19 30.04 29.04 26.30 21.05

6.05 20.45 29.15 27.55 27.60 26.25 26.15

6.00 27.95 26.85 26.55 24.95 23.95 21.95

9.25 35.60 35.00 34.55 33.90 33.50 31.50

6.05 34.00 33.35 33.45 33.25 32.50 32.15

6.65 32.90 32.60 32.25 31.55 31.30 30.25

Analysis of variance

Source F value CD value Source F value

Treatments 464,65 . 0.15 Treatments 1280.30**
Exposures 342.47** 0.11 Exposures 641.72**
Interaction • 11.19** 0.32 Interaction 87.21**

CD value

0.34

0.20

0.57

4.00

4.00

4.75

1 kR 1.5 kR 2 kR 2.5 kR

4.00 4.00

3.50 3.00

3 kR

4.50 4.50

3.50

3.00

4.50

4.00 4.00 4.00 4.00

3.50 3.50 3.50 3.00

5.00

4.50 4.50

4.50 4.50

4.50 4.50 4.50

4.00 4.00

4.00

Source

Treatments

Exposures

Interaction

4.00

F value

8.78**

8.66**

0.31

3.50

3.00

.4.00

3.50

3.00

4.50

4.00

3.50

3.00

3.00

4.00

3.00

2.50

4.00

3.50

3.50

CD value

0.54

0.35

CD

L3

<o.
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Table 8. Growth characters, 90 days after planting (VM2 and vM^ generation;

a . Plant height (in cm) b. Number of leaves 6:. Girth of pseudostem (in cm)

Size of
suckers

Control .Gamma ray exposures Control Gamma ray exposures Control Gamma ray exposures

1 kR 1.5 kR 2 kR 2.5 kR 3 kR

^1 VM2
VM3

^2 VM2
vMj

^3 VM2
VM3

^4 VM2
VM3

^5 VM2
VM3

^6 VM2
1^3

,^7 VMj
VM3

^8 VM2
v!l3

161.15

162.45

160.10

160.60

161.15

162.30

161.05

161.20

160.20

159.10

165.10

166.10

164.15

165.15

161.30

162.30

160.55 159.75 158.90 155.50

160.85 159.90 159.80 157.55

159.80 157.90 157.90 154.50

160.80 160.60 158.90 155.50

160,55 158.90 158.90 155.50

162.30 159.70 157.70 156.35

160.05 158.50 158.50 152.50

160.30 160.10 159.30 159.20

159.30 158.30 158.30 158.20

158.30 153.80 152.80 152.95

165.10 162.50 162.50 162.85

166.10 163.10 163.50 163.85

164.10 161.90 161.90 161.90

164.60 161.50 162.90 162.90

160.90 159.40 157.90 157.90

161.90 161.20 160.40 160.90

151.iSO

155.50

150.50,

151.50

151.60

153.35

151.25

153.50

152.50

153.50

160.50

161.50

160.70

161.70

155.50

156.50

Analysis of variance

Sources F value CD value

Treatments

Exposures

Interaction

vM, VM3

113.13** 42.50**
352.56** 216.24**

•k* **
11.07 9.38

VM2

0.73

0.43

1.21

VM^

1.46

0.46

1.31

8.45 .

9.70

9.45

8.55

9.70

9.85

8.95

9.40

9.55

9.75

10.85

10.90

10.95

10.80

10.60

10.95

1 kR 1.5 kR 2 kR 2.5 kR 3 kR 1 kR 1.5 kR 2.kR 2.5 kR 3 kR

6.40

7.05

7.05

6.75

9.50

9.60

8.90

9.35

9.50

9.45

10.95

10.95

10.69

10.70

10.65

10.80

6.25

6.75

6.70

6.25

9.35

9.45

8.35

8.85

8.50

9.50

10.45

10.70

10.10

10.15

9.85

10.10

6.05 5.95 5.30 20.25-20.20 18.75

6.50 6.40 6.40 24.55 24.40 24.35

6.30 6.30 6.30 19.25 19.20 17.80

6.15 6.10 5.40 23.90 23.00 23.00

8.85 8.70 7.50 21.98 21.94 22.36
9.00 8.95 8.75 28.00 27.55 27.50

8.35 8.35 8.05 22.65 22.45 22.30

8.70 8.60 8.30 25.45 24.55 24.50

7.30 7.35 7.20 22.40 21.73 20.35

8.80 7.50 7.45 24.30 23.45 22.55

10.40 10.10 9.85 28.70 27.90 27.70
10.55 10.20 9.90 33.00 33.05 32.10

9.85 9.75 9.65 27.90 26.90 26.75

10.00 9.85 9.65 31.55 31.60 31.05

9.80 9.65 8.65 26.10 25.65 24.45

10.00 9.90 9.85 29.45 28.50 28.55

18.79

24.00

17.90

22.00

22.40

26.50

21.50

24.05

19.80

22.40

27.40

32.05

26.40

30.25

22.10

27.60

19.55

23.45

18.85

21.50

22.00

26.40,

21.00

23.10

19.90

22.05

26.75

31.75

25.75

29.90

24.50

27.50

19.18

23.25

18.10

20.05

21.77

25.10

21.50

23.75

18.90

21.00

26.40

31.05

25.40

28.50

21.60

,27.05

CD value

vM-
vM,

F value

vM^ vM,

F value

vM. vM.

**

1048.40

422.11*
606.28

576.45*
37.56*

CD value

vMj vMj

0.15 0.20

0.01 7.69

0.28 0.22

4098.11** 77.98** 0.17 1.39
210.50** 14.07** 0.16 0.72
19.79** 0.31 0.44**

22.40 .0
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2,5 "W. md- s.».40: .9«.90 ir« 3»©, isH M

;tl?©lsle' kB'̂ ill #ig' 9ei»mt,iesr t!x$ tesi ^er

^iaot 'wm Imm^t. iii a®,© l#i- $m all

n) "#f IM m)

Wm- mm #£ in «3oii.t2rol - '

1«S* 2»5 ai3<3-3#0 m -^m i£)*SS, S$.30# i'7r80« i.1#90^

ia,,:es.'^a |a,,io la 'tm. immBt minm m^

'2i.*90,» g7*t«)t 2i.i.40* ae^ts m^- in

fell© firfch ¥al'u@0 CT^l©' 8e)«. girfeli.

£r<5ra. i|,.,S IsS) t-O .aS,*'?© f^oatiVol)-.
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•the. maait girth of .psswdostem in -vM^

to 33.*Gt C#*, 23*.i0, t©^ 33#.§S (|-*t kR|« 23.*O0 •

32»10 tl*S ItRl* 2.2*00 32,:^ <2*0 ,al»50 .to. .3t#tS

C2*S kR) ana aO,,0S to- 31 ^-OS m (3,0 M) to md

.re8-|j-3cfei%'e3iy Cfstol,© 6e5.»-

t-# ^owfeii chajT'^cfeers st. tim- lierHresfc
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^©ti^ tiie tMm of .'Issirif^st M 3«^©rs of
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^@si«efe %0 ra^or mi. -m^' pmum^tm* sifi©-#
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a 5 Plant li©4#ifc i±n ml

• Th& mesa., plant In ran^ji Mtm 300tSB feo

SQ"?*00 m an^, 3^*3S'' m 3.0e»B®. -m %*Q m in

-Tg respecu^eljf- (vmirn 9&h^ m 1*S md ,2.#.o 'Isli .tiia •

rmg0 was .^twaen 299^73 m4 393»4S iR t^' -an^S 30i'»4S

303480 in tm ^*.5 iiR' md 3:^0'm It 'tas

to- 3©i,»oa '1:^^) 'w^ t9B*9Q

A aacsrease in. -nmm. hel#t wm HGtieed ivitfe inc33reasii3.g

ao9©s of garrm© ^ay ©xposarea; In ^wnparison vfltU coatroX

4ii sti#£s#s of #iffa^smfe •a^.s -Sftei ©ize©, in, tlie plant

73.
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Table 9,. Growth characters at the time of harvest (VM2 and vM^ generation)

Size of

suckers Control

a. Plant height (in cm)

Gamma ray exposures

1 kR 1.5 kR 2 kR 2.5 kR 3 kR

b. Number of leaves

Control Gamma ray exposures Control

1 kR 1.5 kR 2 kR 2.5 kR 3 kR

c. Girth of pseudostem (in cm)

Gamma ray exposures

1 kR 1.5 kR 2 kR 2.5 kR 3 kR

VM2 306.40

VM3 307.40

VM^ 306.15

VM3 307.15

VM^ 307.00

VM3 308.00

vMj 301.40

VK3 302.40

VKj 302.75

VM3 303.75

vM^ 305.95

VM3 306.95

VM2 304.85

VM3 305.85

VM2 300.55

VK3 301.55

300.85

301.75

306.80

307.80

303.60

304.20

300.80

301.80

305.30

305.80

304.45

305.45

300.35

301.35

301.45 303.80 301.,05 294.,50

302.45 304.80 302.,10 296,,00

300.70 301.50 300..10 293.,95

301.70 302.50 301,.10 294,,95

301.10 300.10 300..40 298,,20

302.10 301.10 301..40 299.,20

299.75 299.45 299.,65 298,,65

300.75 300.45 300.,65 299,.65

299.95 299.95 299..65 298,.90

300.95, 300.55 300,.65 299,.90

301.20 301.15 298,,65 297,.55

302.20 302.13 299..65 298,.55

300.30 300.55 296,.95 296 .20

301.40 301.55 297,.95 297 .00

300.60 297.10 296,.20 295 ,95

301.60 298.10 297,• 20 296 .95

11.95

12.20

11.90

12.15

12.65

13.65

12.55

12.85

12.90

13.00

13.05

13.30

13.03

14.03

11.00

12.00

11.60

12.15

11.30

11.90

12.65

13.50

12.55

12.70

11.60

11.85

11.25

11.50

12.60

13.15

12.60

12.65

11.60

11.80

11.20

11.35

12.45

13.00

12.40

12.70

11.60

11.75

11.20

11.25

12.40

12.55

11.75

12.60

12,30 12.30 12.10 11.90

12.50 12.50 12.20 11.90

13.05 13.00 12.55 12.25

13.15 13.25 13.10 12.90

13.13 12.15 12.40 12.30

13.13 12.95 12.90 12.80

10.70 10.35 10.20 8.85

11.70 11.35 11.20 10.85

11.60

11.65

11.05

11.20

12.40

12.45

11.75

12.50

11.90

11.55

12.45

12.75

12.15

12.60

8.35

10.35

52.85

53.85

51.70

52.70

53.60

54.60

53.60

54.70

51.65

52.65

61.65

63.45

62.45

62.45

61.45

63.05

50.85

51.85

49.80

50.80

54.15

55.15

53.10

54.10

51.30

52.30

61.75

63.35

62.35

62.35

61.35

62.35

50.70

51.70

49.60

50.60

53.90

54.95

52.70

53.70

51.10.

52.10

60.65

63.30

62.30

62.25

61.25

61.65

50.30

51.30

48.85

49.85

54.55

55.55

52.35

53.35

50.85

51.85

60.35

54.95

53.95

54.90

53.90

61.20

49.10

50.40

49.30

50.30

54.15

54.65

51.75

52.75

50.10

51.10

59.80

54.85

53.85

54.90

53.90

60.80

49.70

50.70

49.55

50,55

54.05

55.05

51.45

52.45

50.00

51.00

59.60

53.90

52.90

53.90

52.90

60.60

Analysis of variance

Source F value CD value F value CD value F value CD value

VM2 vM^ VM2 VM3 VM2 VM3 VM2 VM3 VM2 VM3 VM2 VM3

Treatments 0.54 0.52 — — 377.54**
**

527.81 0.16 0.11 6193.57 14361. 0.17 - b.ilo

Exposures
• **

169.14 177.23* 0.60 0.58
**

354.60
**

319.38 0.06 5.91 1221.40** 1048.% 0.13 0.140

Interaction 8.33**
**

8.79 1.69 1.63
**

40.77 12.86* 0.16 0.16
**

219.51
**

182.21 0.37 0.40

-4
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tti ^ ^ t«a^ mm ;
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!*&• mt mm <t2> t© -ii^i la i»s m
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|0f. Ficws^ing

. Bfifect of •aitf^r^nt; escpoayms of gantne ray© oa
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to 225^.§5. .in l,.,d kS^ 20a..,80 to 22.5.S0 in Icl?.*. 204^0S

^sa6:.6o in -2^-^Q m mA zm^m ,m zzbm in.za laj,#®- i<a

the range wee feem 20i.,.-2S-C^g) to 2ICH60 {Tafcle iOa-)»

fUm tJie #0se ,©f gmm& wm t'm

SXOf^fing daratl.©!!' itfus m'S.mg) •i-fiosreesed* •
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Table 10. Flowering duration (vM. and vM^ generation)

Size of

suckers
Control

^1 VM^ 223.55

VM3 226.05

^2 VM2 219.60

VM3 221.50

^3 VM2 217.05

VM3 219.05

^4 VM2 215.60

VM3 217.60

^5 VM2 209.70

VM3 211,55

^6 VM^ 207.85

VM3 209,15

^7 VM2 203.90

VM3 205.90

^8 vM^ 202.75

VM3 204.85

a. Days taken to shooting

Gamma ray ejroosiires

1 kR 1.5 kR 2 kR 2.5 kR 3 kR

225.05

227.10

221.10

223.05

217.15

219.35

214.50

216.50

212.70

215.70

208.00

210.00

204.05

206.05

202.85

204.85

225.50

227.40

221.65

223.65

217.45

219.45

214.05

216.05

214.05

216.95

208.80

210.80

204.05

206.05

202.80

205.30

226.60

228.55

223.20

225.20

216.60

218.65

214.80

216.75

215.30

217.30

208.85

210.85

205.45

207.45

204.05

206.05

228.00

229.05

224.35

226.30

216,25

218.30

215.35

217.35

213.25

215.30

208.95

210.95

206.35

208.35

203.55

205.55

225.45

230.40

226.60

228.45

218.80

220.80

215.95

217.95

214.60

217.15

208.95

211.51

207.70

209.70

204.25

206.25

Analysis of variance

Sources F value CD value

'b. Days taken from shooting to harvest Total duration (in days)

Con

trol

Gamma ray exposures Con

trol

Gamma ray exposures

1 kR 1.5 kR 2 kR 2.5 kR 3 kR 1 kR 1.5 kR 2 kR 2.5 kR 3 kR

322.,15 323.75 324. 30 325.70 327.35 324,,55

325..60 326.15 327,,15 328.60 329.30 330.,50

318.. 65 320.35 321,,00 322.65 324.85 326.,30

321.,65 323.30 324,,00 325.65 327.75 329.,15

312.,05 312.30 313.,45 314.15 314.70 317..15

315.,05 315.25 316.,45 317.20 318,15 320,,15

311.,60 312.05 312.,40 313.60 314.35 314,,85

314., 60 315.05 315..40 316.55 317.85 317,.85

306..15 309.55 311..50 313.30 313.25 314..60

309,,00 313.55 315,.40 316.30 316.25 317,,10

297,,65 298.15 299,.10 299.25 299.85 299 .45

300..65 301.15 302,.10 302.25 302.85 302 .95

294.,60 295.10 295 ,25 296.65 297.65 298 .55

297..60 298.10 298,,25 299.65 300.65 301 .55

295 .00 295.15 295 .20 296.65 297.25 297 .50

298 .00 298.15 298 .70 299.65 • 300.25 300.50

98.60

99.55

99.05

100.05

95.00

96.00

96.00

97.00

96.45

97.45

89.80

90.80

98.70

99.65

99.25

100.25

95.15

96.15

97.55

98.55

96.85

97.85

90.15

91.15

90.70 91.05

91.70 92.05

92.15 92.30

93.15 93.30

F value

98.70 99,

99.75 100,

99.35 99,

100.35 100,

,10 99.35 99.10

,05 100.25 100.10

,45 100.50 99.70

,45 101.45 100.70

96.00 97.55 98..85

97.00 98.55 99.,85

97.85 98.80 99.,50

99.35 99.80 100.,50

97.45 98.00 100.,00

98.45 99.00 100..95

90.30 90.40 90..90

91.30 91.40 91,.90

91.20 91.20 91,.30

92.20 92.20 92..30

92.40 92.60 93,.70

93.40 93.60 94,.70

CD value F value CD value

VM2 VM3 VM2 VM3 VM2 vMj VM2 VM3 VM2 vM,^ vM^ vMj

Treatments 666.19*
**

773.29 1.03 0.97 1239.80* 2650.29* 0.35 0.24
•k ★

1790.83 1804.17 0.89 0.89

Exposures 18.5§* 68.33* 0.67 0.39 225,8l* 232.33* 0.14 0.14 62.93 216.89* 0.62 0.34

Interaction
~ **

2.75 7.24* 1.90 1.11
* *

18.90 19.62* 0.41 0.39
**

2.82
**

7.49 1.75 0.96

©3
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.ia 3,©- l^ii, txmtmnt,»: wlu^s iigareas^d sliglitiy |®. a.ll

&% tfotal ^wi'atloii |,iii

"111® t©feai €wstS®a ®f felie -©rop
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iB. 2,«S im--m^ SSQ-.f.S© CT|) fe© 3SO*50 days Ctg,5 ttt 3#:© ks.#,

£w har^st frcm fe© fg wm^d £sma 32'5»^iO' i€)
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Table 11 . Bunch Characters (VM2 and vM^ generation)

a. weight of Bunch (in kg ) b. Length of Bunch (in cmj

Gamma ray eirposujres

1 kR 1.5 kR 2.0 kR 2.5 kR 3.0 kR

""c": No. o?~harr<3"s/bunch"

Size of
suckers

Con

trol

Gamma ray e>:posures Con

trol

Con

trol

Gamma ray e>:posures

1 kR 1.5 kR 2 kR 2.5 kR 3.0 kR 1 kR 1.5 kR 2.0 kR 2.5 kR 3.0 kR

VM„ 6.75 6.50 7.90 6.50 6.30 5.90 30.45

VM3 8.41 8.13 7.90 7.81 6.62 6.10 31.45

vM 6.50 5.90 5.10 5.15 4.90 4.85 30.35

vM^ 8.39 , 8.11 7.84 7.69 6.60 6.01 31.35

vM 7.80 7.45 6.90 6.75 6.50 6.65 32.19

vM, 9.05 8.65 8.74 7.90 7.55 7.30 29.95
>3

vM 6.75 6.50 • 6.35 6.30 5.75 5.10 21.45
z

VM3 9.70 8.97 8.02 8.05 7.27 7.05 32.69

,vM_ 5.85 5.80 5.65 5.55 5.38 5.25 28.95
z

vM^ 8.84 8.59 7.06 7.35 6.05 5.55 22.45

vM, 9.05 8.95 9.05 8.80 8.05 7.65 36.60

VM3 8.41 8.74 8.79 8.82 7.75 7.65 34.75

vM_ 8.75 8.70 8.30 8.30 8.15 7.50 35.00
z

vH- 9.42 8.89 8.69 8.30 7.65 6.65 34.85

V.4 8.10 8.50 8.40 7.50 7.-35 7.30 33.90

VII3 9.41 8.85 8.66 8.20 7.21 6.05 33.85

29.19

30.19

29.05

30.15

31.19

28.85

30.15

32.19

27.85

31.15

36.00

31.25

34.35

34.35

33.60

28.35

27.19

28.19

27.00

28.00

31.04

28.10

28.55

32.09

27.55

29.55

35.55

28.25

34.45

31.45

33.25

26.65

27.05

28.05

24.79

25.79

30.04

26.95

28.60

31.04

25.95

29.60

34.90

28.60

34.25

30.05

32,55

27.70

25.05

26.05

24.47

25.49

27.30

25.95

27.25

28.30

24.95

28.25

34.50

26.75

33.50

29.05

32.30

25.90

22.20

23.20

22.05

23.05

22.05

23.95

27.15

23.05

22.95

28.15

32.50

23.85

33.15

27.70

31.25

24.85

4.10

4.50

3.90

4.35

4.41

4.95

4.15

4.90

4.50

4.80

4.99

5.45

4.50

4.90

4.30

4.95

4.00

4.35

3.90

4.25

4.25

4.65

4.18

4.65

• 4.45

4.65

4.75

5.45

4.50

4.85

4.10

4.65

4-40

4.35

3.75

4.20

4.23

4.55

4.15

4.50

3.95

4.25

4.65

5.30

4.38

4.75

4.10

4.55

3.80

4.20

3.65

4.10

4.15

4.55

4.05

4.45

3.93

4.30

4.60

5.30

4.35

4.70

4.00

4.55

Analysis of variance

Sources F value CD value •F value CD value F value

VM2 VM3 VM2 VM3 VM2 VM3 vM^ VM3 vM^ VM3 vM^

.Treatments
**

35.53
**

395.33 0.68 0.07
**

1303.55 683.17* 0.34 0.18
**

6.41
•k-k

60.81 0.41

Exposures
**

12.13 4792.31* 0.38 0.04
**

641.98 2705.46* 0.20 0.14
•k *

12.22 .14.64 0.16

Interaction 0.76 98.39* 1.06 0.11
* -k

87.24 230.22 0.67 0.39
1.37 0.30 0.43

3.78

4.10

3.65

3.90

4.10

4.40

4.00

4.35

3.90

4.10 .

4.45

5.10

4.40

4.65

3.90

4.45

3.75

4.00

2.63

3.80

4.05

4.10

3.93

4.25

3.83

4.00

4.40

5.05

4.30

4.65

3.90

4.30

CD value

vM^

0.15

0.16

0.44

CO

5"/
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in M, 4,99. tQ •SaB t^} to m& 4*6$

•m t*€5 is j^.© 3m If^le lis|# Se^. tO

of §aisa#, e^cfaur^.ss :ir«s®ia2,tei ,i« a

4eG»ms'^,in feiifieh

• The w©4aht in im^/^rarigsd "froi B^B9 'iT^} :to .
;i!n'ft©iitrol, Swll- Itg): to $.*m isi- |,»Q'^», •

i«®e t^ iftS 1^# t^as te^i^na

in a^O 6*#S c%) 'fecj t..ts C1^> in 2*5 1st B»m iT^)
to 9-»i5 3%£J in :3>©-"kR Cfable 11&)* i-tere sis^ tJiiftcih

4^i$mB00d 4tt© t© of Mffcrant

d£ g^rmia ^ity^. 4ii' %n<S

•b) tie.R,§tli Qf Cis •»):

wm- hm^h iffigti* is r^0sa. i^zm 'zi#M

,3S,€0 ift^control* i7,.0S (iTgl fee 36.©O- iT^) M 1.0 m^.

-m-^m |%| to ss^ts c%)' mi,s ii, m S4*it
(fgl 4b 24*4? Ilg) «# 34^.00.Cfg) in a*S I^R md.
22?.Cffi 33*15 m (%j} -in 3*0 kE (TiM# Iffe), froa

t© Tq «ss*e#pt l3tin@ti length 'mB dm&mtimd itxm emtrol

t© t,© im# • • ,

• ^,e hmmti ifi 'Wg .resge-d 'imm 2i.f4S Ctg) t©
34'«#S (T^;l 413-S:S»35- Cfg5 feo 34«3S ia i^.©-,
26»6S. CTg) to 32..09' (T^> in 1*5 MU Mm79 CT^) tO- 31*04 CT^)

25»4t, ff^) t© tt«#s imy),is a.s i£R* mm m*m Cf^)
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to m-*l$ m tn 3.0 M libK Fr©m-f| to '
mmpt tg tM fetiJieh Imgth from, eontifoi

IfR# • •• ^

j

c| tiniRfeesir of ls#j<ls ...pgr ' ' ' ' ' •

t

m iitsR^- ^ imati $m 'raii^d'

. S:,'90 to 4.#99'Ceon.t^oi)4 3.,»90 'to i*;tS .Cl»0 IfiE)#. S,'t5 %0'

kR)# 3,.S5 to 4*60 m 4^45 cs^s m)*

'fe© 4*4 ■■($♦© $m tg ©aa
Ercm t'g mcmw^ -fttmiber oS'h&t0& -dmtemed

^ontrai to 3,#0 1®'*.

r-- m tfee rmga ws frcm 4-.3S 5.^4S #,

to s,»4s li,«© ^5'#, 4*a© s»i0 ii»s mh- 4^10 t0 .b.»3^

C2»0 }iM)g: 3:*90 to |,10 .|2.#S im} m^ 3#80 t©. §.»0S ..(3.*© Ml

i.© Tg Tg respesetiv^l^.

the ©t |i6r .teireased lAieiJ/'tlie

msB 0£ faf£toa'raF"^|JO^iw©8 iileira^sa M .aii.'di-ifsroHt

groups- .©Hi ©is^es ©f sii^f^ar^.;

1

•12#., fimit ^It8i?af2t©ts

1

1

l

Sffecit M •rmiom of rays ©a f:rHife

0h^@$feefp iri-: diff@®©nt â.93 groups- and &lm& Ot •suckers

••/•S;. presented in T©&1© i.2», si^gnlficaat -variaMi^n ®»ng

gmmB/ mj, exposimm m4 mm' mom€
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wttti m&^t wmms'pf per ©f

ftoge^s per ' togth*, girtli «..%^i^-fe,oi fiisfej:.*

3) :atg|]te^ 0f i.tog?^a .p©^ burish.

aij®&©r of f in^^rs p^2?- btmcfe in- Mm

as#a0 to si#fQ m*w tm 5t»#c5

M 1S|, m*©5' (tg) S0i^© .is 30»^0

Ctg) SO»0O (1^) In 2»om# MM %),.iji
2,5.« Ctgl to iii 3*#lcR.Cf^l.s

nm^ ©f fitters .3feq«>ir^a 1^ to im

©©nfcir©^ ^iiS.ati».¥a0 to

Harnfeer ©|-fingss-# per S>tm<eh $n wmgM- irm

3S*fO' ifg) S0^.^ Cl^l 4^ «0iitr©l# 33%.a@ fe© 49.»:@0

m %^:o i2.£fe. c^^-to mim it^i ifs.s.s isr,. 30*50
ftgl 42*&Q Cf^) m 2*0'3®*^ :32*O0 t© 41%2S ll^) te
2#s m a«e m^M ts M^to 1.^1 m ifmm
%0 q£ p®t: hmch ^ t| to Tg 4i»
e«%jr©i pspniatiii^ii was the M#iest %© tti® €4iie*

rwit ^asiQa iray- tJ?aat®4. ^espai^feioES*

&i Kijm&et ai flugers p@r tesasfl

'Ifae fiuH'&sr o'£ 'fingers hai3.d .raft-^€ f^aai ©..Sd

t0. 11:^46 is 7*21 <fg) ^ -Ct^) In UO m*
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7m |T|): if^)

In 2*0 kR.* t.73 1^) >i;Q 12,13. (t^). in 2*5 MR- md -7,43 (T^)
to %Z*4l -Ct^) 4ti -3-»Q icR <T©l&l.e fj?» t© fg tha

rmge! was iSrora feo |.2*4i tS*© M)»

-Of fi,i5i^rs p;@r -toafid rsisge^a frm

ifgl fe# t0,3| 6*$4

In uo m-,. c%'l ,to 9»ts in 1.$. M„ €nm (^2,5

.0*23-14» i.*0 ist,#, 6,i3 M tff ICR

e^as ("Tg) %0 a*44 ft^) in 3^0 im.

<5) licaagtli, Qt f.in mt}.

im "m^ fir©iii .S3;»~5S itgl fco
26^,90, iti: cmtroi* aA*4i a5»^s c%) 1111#© m#

ai*©S tS^4S Cl^l io. 3«fi* a»9S'11^5' %o 24*iS...'
<f^) to g,,0 M* 20441to •24,90 Cfg}- ia'3,5

2t«$S to-•22.^.50 M i*0

vaitje £tm- 2e;«4i {2»:S 1®.) to 2e»#0 imm%mX)i-

• win^n fengtli in 'Vil^ ran^si fsma 24#8$ | to-

C%.> cmtiTol#. M#94 (t^l to MmM it^- -to. l.*d IsRs.
aa.ss t© 2€»4s iTg_) in i»'S c%l m 2i..is

(fg) 10 2^0 m,- z%-*4l I.IP3) %© 2S,»90 (Tg) ia 2,-S kR, 3li.4S

(T^i 24*,Si tl^g) is- 3»0'l^ Ctafele- |2e)« irrespective

-of fehss sls'©3 arjd'a^SB ©f suG!k©r%. ,^1. th© -diDses of
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tsse^Qi QBmrms^n^ •

d|' Girfeb ^©f \fifi^^-(is5 oB^r ' '

Tlie iia^jr firfelJ lo froii 1.3*3S to

li.2S iTj) $.n mmrnl,- 13,is .Cfgl' to |S*#S in 1,0 1?%

um c%) to,i4*as iTg) in m» la^os tTg> to 14.^79
til' 2*'© feEj -ixa® (t-l t©.- is,8® to teR,. 9^83

(fg) t© 13*.^1 .cm .in i.2a).» 'increesing

tfe0 of' gasitta. r«iT f ia§er gtrt-li #as

£re«i| T^ tO' ia- • ./ •

r^gecS froia |.3*SS to 11*15 it^}
iu i'a.i3. ctg) to i,fe95 ,te .1^0 3?E»,paa
to is.ss C'Tg) in ttS m& t$S$

ill Z9O te,t, U*m t^>,.tCf. 16,80 c%) m 2^.? ItE ^4 10.83,,.

t0 14.4i sjni 1.2d)» Si© girth ,

•vj-as foiffid 'tc? in ySi^ ^.sierati^» al^so#. teofsas^

.4af.^ §^gna m'g' e^xsB^^s,* . .,•,„,

e| 'ISight Oi iiags^ |in ^1

_f'M© •im.i^x: .Ead^d |94.*,Si Ctg,| to ,3.|Bs€.S
Ctgl to ec®tr^# m^Sd t® MM-km it^} m l*Q •'
1S9#;S^ -Ci^) ai3^oo sti i*s .1®* xs©..fs if^y %o ai2^$Q

in t*.© k% 145.a95 'CT3) to. 2il*:S0 in, im md '

i044S0 C-Pg). to tt6.,SQ g Ct^) in 3^.0 m- (T^Xe i.a©># ,Fin@3r

d®pt©a£^fi %fe©.a §»ia irsf <©s|joetare i^ciseased^ .it
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froa Q: 13.0 ta 218#6S (soiitrol),

to CTgJ m

trmi lfS»S© Ctg)

t© lit^#5 1^1- Is

..i.*t Is?., 174^05 |92,»8S C%l %m^*m Itgl

ao5*95 ci^g) tt-.gfrO 3cR,| issao |f|l m, iii
lit# 12.6^78 ct^) 'fe#.m«30 g Ct^I Am 3#0 Ctabl#

fti al^ © fifsgsr dsereasa^ #i#R <Sos«' --oi

13^ mult

•«»€ w^mxBB «f §»«: » feiiit

quality ifi' ^ eises «3t .g^fe^x-s i^.c

ia trsriati0» wlif

atsQ' mm., scstocl tilth respecfe siig"er
I ' ' "

,^ati©.t' • .^©a^at%. .^^osiites and t'nair inter^,ti©iis •«##

mt^.. a«fatr

fatiOo

e) 0olubl.e s©ti^ |4ii^ -.taatl

#©l,iig la 'i#ig raap^.iKisi 20.Oi

CTgl •%©• 26«70. |f^,| IS; 20.02 Ct^) to 26»4S Itgl

^is 1*0 m^. .if^,®i tf^_ tftsis itg,«^> t^J' iti. i*f Mf
i8.»..S0 CTg} t© 21 •IS Cfg sna-l'g) io 2«0 Isl?, IB^m m

ao»SS c%^ % SbS t^l 4ri 2*5 Mi 17,45 to 20*SO

c •tj} in 3.0 m t.3al#, ;ia.





rru,,\rsV
iC#

•th® -r^luee im fss -decrease •with -Inesir'Qase, -im dGaa pf gsim©

rays.

®©|i^le §:pllds in zrmge^ (T^)'
to 27«1S^ €tg) M 20*80 (T^) m 0*,4S. in
3,«© m* 2o»m itg) to aT#o$ 'Ctgi m i.,s m#. i,s^.|o

mM2a5 (1^) in 2i© M# ia,4s fi^i t# a2.»g§ ci^) sp
a»S leu as# IS.S5 i1^) to 21.-*8S ^ ^eaufe !» m

(fa'ole 13a5, Wm: tai?a # .Mi.w w|-us in.

fSS:. in vM.^ ^fteration,

b) -Total #uf:0r-(in mm)

Tm -fe.@tai m^m ^ntmt in fewit^ rafigei mm

32.,04 to 34*.6i 1*^) in mmml^ 3-2#St 'Ci^J to 34*60
In |#5 Isl,. 32*93 t© 36#.$© (^> ii? :l,S IsR, ,33.S4

Cl^) to ia ^*0 kit |3*a Cf^) feG 38^12 ttg) 3.«
2*S M .©s^ 34,S4 |-^) m 40*154 .|er deist Cfg) is 3*0 lift
-•{Tabl© 13b)«- m§&0 -cOftte^fe iisc^-e^ed #f

Q:^a exposwe increaaaa.# ia .all fes 4iff#r@«fe

3ig:@6 of

fetal m§m -c«mea.t i-a ©iso ittore-asad witli
, -a#

in iev@l .and ifc-rm^a 32*70 (t«3

to 34^88 ct^) iM a^fiferoli sa^Si (1^) to S4.f3 In '
•l.d mt. 33.it <1^5 to 36.5-0 iT^i In t,.S. !sE., t3.*f4
to $l:,m lT^> in a#0-KR* 33»97 CTg) to- 38*42 in.
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2^5 asd $4pM iTg) to 40.S4 p?r ceat in •$*& Wl

c) AciMty (in ..par csnfe)

"^. in g©ii©rat,i©tt

%Q 0«S4 C%l In oaifer®!, o.«4t Cf^) m o.#si 4si m.^:

ff^i W' o^si 11^) m 3^# fl»ss 'Ci^i fea
III trCI m-B €>»3S to Q-4§ in s#i Mt ft^33

11^) to 11*44 pet in S*:t fei^ IMl*

the ioie mi fsasfia 'QnpflfSiif# tiiar^^ed tf-e®

% ^ 3m •%,

&el.ditef in fams-^tiosi rsa,^^ iron Q*3S ffg ais^

tgj t© 0*.S'|, Ctg aii4 Tg) ift asEfefoi-#- ©.Si Cf^j t© ©«4S Cf|̂ ^
in^ tgl ifi |.#t Wa# 0*38 ijs Q»m 1%} in 1*1 l€lt,

O^BS tfgl 0tm. I%l m J'.o ki » §».3t, C%l §#4t (1^,
^em. in 2^s. Ml m^ §*m (%l -t^© •©#•41

iji i.t Ml. |fal3E€ 13c)»

irc« 0,*4t (T^)

0 M\s-gm' t assM irati©

mgm t asM wmM-m irm 20.22 Ctg|
m M*BB (fgl .ill «2»tfdX# 2I#89 tt^ m 19»1# ia
1#0 IsR^. f2#3i (1^) t© 29mS6 iTg) in 1;...i Mi Itg) t<»
S3*2S in ZiQ.mp 24».ta ifg.) m- 34.»6t Aft i#s M
an# 2S*?7 -<^25 to 36*'S? i.a 3,*.# I4B, (faijie 1.3'dl®- Wtt^
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^ . &mgm ratio witfe te^teas® i» icis®

isaaaii^

Mm mm

•'Stl®

a©^ gir^^-i #fi ps.@^€©s:%» 9© €®fS-

i» m^m |%I, t©

3i!i.»4t If^l M-€mtml0 21^14 C^l t@ it«f@
t3«.«. 1^1 m 2ffrl2 (^^1 in i#:S m^M 1^1- 3%fi 1^)
m s#i :fel» 24;r» C^i fe©^ 3|is4f If^l to. IfrS 11 «a« tM9' C^l
&© 33*3i Itgl .to M iT^i® i3«si# mmrnmmm tte mm^

#f g^as .raySij:- -ssfar i rsftM: M- sll As"

^f-i«ars% siges-mitS a«--i mmiw^

Erikori^'

%m :&i ste»t

-tm %fSg. i#2S |..«i®

ox miB i*Oe i«i?s #si i#s ^

©f

'•»&:



H

1 & *
0

•

(
* g I

^
r

§
I

r g
"t-

%
§

%

O •»> «
»

£3

f s :m a t* M
'

«
4

i" O m •{S
#

© » # W &

s
i t ©• •m I 1®

'

?

-a
-

P •t § & 1 @ IS

m W
-

•m
. t m

-I i i
-
j

lr
-4

:
@ 83 .«

1

•*
d ,.
i^

•td
.

f
f 0 K
j

m m -i
i -m

-

m m * €
3

•© ••» •O
t'

#

© M
>

tw '@
S s* i a I fi
j

m W 0
-

m f
t

® ©

s*
-.

^
@

©
1

^
.

IN
.

t
t

r«
*

"

0 »
•

t
n

O •«
•

s #• I,
f j-

"

0»
'

.
.

p o h
\

*$
!• i*
>

.

<
Q £} <
»

f
t

SJ .j
rf

.
s

i-
»

f
t

r # ie
»

B
J

«a I }
«
♦ ,i a .
a ? 0 c
r

•a
' 1

I
1

a
©

.
f
t &

o
£i

»
H

v

O
'

•m •0
i

a t«
.'

© s
s

f
f

r-
>

C
T

C
O



|4« ®0 €«?a sft@P pisfifciiif

.Character#-
©asim

Plent

<cni)

S'jiifeer-Of cjirtJi Ot
pmuMBtm
^^ Cciil

0 '67«SQ .• , , • , t*tO'

OmS© . . • •6S,,#0 B^m ft*f©

®^fS ©Site .S.-t0 %Q:^m

•fsMe 'JS-« ehar^tei's at ''tlte tim# &$•

etiar«e%^e
C«SI§,
@5%^gtar^s .

WtmA

iml
Imwm

Girtfe 0f
pg©Mi$S%»

liSlI

• ' € 3©|3© mMm io*0§

• " -©^se^ 29X»O0 lt*s©

0.75 ' 283*00: mm i4«s@

'•A
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f^lo iS, siisotln^ <^araetefs

<?ij'iiract.eir0 'Bsys ' 'Oayi' :fc.aii;@ii' Totai
sti®fei»g • ivmdisrati«»

•• " Cdays)

•m

mm

SS6

fit

3S«

'i©

ft

®t.

»< if. ©isi^

6sws

0«SQ »

©♦15 '1^

tfeigtit ©f
Si*^ lltg)

5*00

6.00

4S0

447

♦*i©

s*oo
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'tsfeft mmmdm. m mmmm popuMUm

;m^©.35S. .m« ©f O.SO aat 0»7S 3tR BhrnmA

tfi ,••/,.' ', :

ism-B^tm4 w-^m^ nrntmiif • ' '

Wm- •€#s^- ft?®' gli®@^4Rf: 1® ,®s%i#A.^y

recor^d ti» •©«*»»

#£ t*|» .»ii. «»tS M %mU m --mA m.
y

#1 •f^^i.

•flw ttfiis. fieii 0Mmim

iiss 4iS. iafp iii4i@ 4fe »« fS^'

.«Bt 44f €m- 'mm». i#-i# Mi 93»a

0mm '•

V ' - '

smm^ •#€• ,#i 'tOTs mm m mmm

aisi'iAf- •«i#it #i awMr

#f mm.wm ^ #t,

•&««» 4^ m «8»fe P'* ^ '.

si • " ' , ' • ^; • • ' '

s»' ^#fit#®l. #• tei»Mit t^i#it #S.

f*©© fc^iaittft 'M wm %li isf ®«^S®
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•O.ilS-kR exposure© gmma^ i:^WB r^specfeiveiy,. Her©,

th© Gofttrol population recsordgd the lowest biMch weight

thB highest hy O»50 JsE fOTli© ©Kposiire*

b)^ length of bunch

• "the' qontroi 2>©pui®feion recorded •a fetmeli iength of

•24- (m fihiie 'Q^S© and 0,*.*7B' kli racordeS ^ hmsh iengtfe oi

' 2S 26 m res|>ecfeival.y-*

($)• of liQfi^s pm h\m&i

Ifie nusiber M hani® per bUBGh re<2©r^cl by the

QQrjtrol p^pul^tlon was 4 ^aerea-s 0«,S0 aisd 0»15 te 'gisiMa

escposui-e© ir^mrdesS' 6 S -hafsfe par ^uucK res'pecttveiy*

1@. Fruit characters

Effect of irar^ioug e^dstares of ganraa ©n frttit

clsaracfe^^-s mainly nuiPi)^' o£ f-ingars p©jr bmdh aM hmdg

length# -glrtli and tmight ©i idftg^ra as InfluenOia toy

shQC?t«tip Quiture of hm&na. |^r©sea.tad in tafel® 18i

a) oi fitters per bimcili

Here tbe control population recorded 35 fSiigere

per l?yn<gh 0.50 aRd 0»75 IcR. goisma ©ssposwres r<§cc>rd©a

4S and 4? reapeetii^iy#
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h-

taijle IS* Fruit Characters

Character® MiaBbar Stambar luength Girth
ommB of " of oi of o£

!

i
!

exfiSBiJrea fiftgsr.©/ flag^rb/
hmch • liancl •(cm)•

fiagar
Ccm) Cgm)

1
1

G 3S,-0" s.*o. ,,20.0 1S*0 141.:4

0»Sa 48,:® iQ,«0 t9»& 16-^0 170>7

o*ts 4?,.® ©>S 18wQ i6,,5 i8G,,2,

fable 19# Pruit; Quality ^alvsls

'
Gh^acters 'TSB

Gsma. iln %}
exposures

Total

sugar
i$M %}

AciQity
Cifi "

Sugar;

ratio

0 26.*0© 34.SO 0,-51, 22tOd

0^50 2S»Q0' 3S,.iO a*5Q 23,ao

om 24.OO- 3'S.30 23,SO
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&)• Hurabar of iiDei-'hand ' ^••

fiie e^txoX populstlon irecosr^ed a inaan'of

8e00 fin^rs per hmfS." wh&t&^s G*,,5Q ,«^i5\0*75 kR gaKfsa

exposures mcmdm %Q*QO an€, g„SO fJjsgers res|?©etivaly.

c) o£ fin^r .

•Kie control population r<2qor€®d a Bie'an firxiit lerigtli

o£ 20 cm vMilOf 0*50 0*7S IsE ganiaa ojsposiires recora#d

19. and iS &M mrnprnti'mlt*, eont^oX pppuletioa

the hl«#iest lengfeh#

ci) Gil-til a£ fi.n-^#

• Ths control population record©^ tlie mean finger

girth ©f i5*o6 m ^hm O^SO ana 0«?5 1%R recouasa 16.00

aftd 16# SO ^ respectively#.

e) m±<S^t of fiugsjr,

^ilie contirol p3piil..ati©n 'recorcied a., meaa finger

i5?ei#it m£ 141..40 ^s» '^t^n it was 170#70 an^ 100*20 gm

wifiar 0«50 end 0*7S ki^ gsnfffla ray rm'^cti'mlf*

Here mutrol -ireC!©Me«2 tlie .mliaim-mi ana

.maximtM «as reeorfiad by 0.»7S kR*

19, Fs^ult Quality Mdl^ais

'iSie'd^ta m fruit quality aoaiysis q£ total solutal©

\ J
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solids* total sugar!, acidity^' Bugarsacid ratio are shorn •

in Table 19,

a), tsa . • •

• The control population recorded TSS of 26 jssr Gsnit

©i5d 0*S0 and &R ganma ^wponmres mcotde^ 2S par cent

and 24 par cant r^sf^ctively#

b) Total sugar

III©- control populafeioR record^- a. value of 34*S'per

cent while it was 35.1 ^nt and 35*3 per eest yn^er

©#50 BSi& Q*75 MR fespaetiwly*

c) Acidity

The cpntrol •populati^tt roeordetl tlae bi^^st acidity

of .0#S1. par mnt wfesreas it was. G.SO 0.*49

eent isride^ 0«50 aM 0*75 ki respeqt.i'valy*

d) Sug^tAeid r&tiM .

Til© coiitrol i^pulatidn recorded, & sugarsacid ratio

-Of, 22«.00,# ©n iaereasing tte dose of gsB®a ray e^^^osure •

from Gf.SQ kR ana Ok'^S kR, mtlo^ i.nmmB&d fr»

23 #00 to 23«50-«



Plate !• ClilorophyiX fisfieient chimera In
generation (top to bottom)
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Plata hmaM »i*@ bM sh»p@ variant# in 1*«|
guBisraticm itop to bpttom)

a« Varianta liaviiig le«v«0 liiUi tap^in^. «iid
b» Variant haviag bro^ & «tiort leave®
c# vswriimt wifii narrow* ^mefkm tMc3c@r

t«Ktur®
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Plate 3* Xieaf vwriants InduGNid in vl^ gnrieration
a* Xiea!Vtt8 with yellow and %^te streaks

b, lidaves with split lamina

c* 3timMi pXmt with crinikled lea£ blades
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«• Petiole dic3v>tQaQf

b« stem diG}x>tGiis^
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fl«te S* McHipliologieftX variants in petiole

a« Variant %#ith t%d6ted petiole

b» Variant having number ©£ leaves with
twisted petioles
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Plate 9* In»vitro shoot tip culture

«« Shoot foeiMition

b» Multiple idraot foxmatiofi

• 'WL
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IPXata 10* ZiKiiioed irwvitro slmot tip culture

•» Root formation

b« Pot cultured plants
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Plate 11# Ex-yitro plants showing

a. Flald Mtabliahnant

b* Btm dl^ton^

^ 4
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&• Control plant
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msmmiQM

Tim present on «Xir4ac©d nutatloae

in feansais vtrtety nm^mn Musa mraiisiaoa Lt« -irss

takett with a vim %q. sta^lariisi? fee teeliiAtii© #f m^mg&n

tFgatmeRt wd; to ass,^ss tla^ ©jctsat of irariafeiMty iii«lsi.€?©d

hf gaioBS mfB^ Stidsera of tferea age gr-aaps vis« sb#* Wq

•and tfe»ee .oM mth Ifi dtffef©.rit sizes paeiMast®,

25, 50' afld 75 per emt ¥©re" m im as pcisstele agei.

as th® fiat^rial for S^agnres #f gfitaiflia- mya

at 1,-.0^ 1tSi- 2t0, 3*,0 ka'SBfi ^aatFDj, 1?'^.^

•air©©t effect of tlie Mt^eg#a an gFsy<!?tli aa^ bunuli ©hsm<^te.rs

ifi til© irl'l| gm&mti.om. •&&& 'th& irariatisms creates iti,

p»iiieti¥e trtlts ia ttm ©ai vM^ wei^e'

sj^lysei ia d#taia..«

I# mm&t eff€et »f tli© at®ag©a

tn tis© ©reseat iuweatiiation tl» #:^@siires

of gaiisia rmf$,- a sigiiifieaiit dala^ in,

ili. all fb© ttim& @f Isaasna Tim #iay

was f ®«sa to ineresge with iaeraaae in ieirels o£ g^aa ,raf

e^0siiF©,s«

Similar resiilts 'hmn I'epartei hf &mgorf Ci955,t

1-9S8) ia Pi...§am aaa Fmvmt f1'9S3) 'sssa datal CI9ST) is terJ-eyt

Attmnl C1^3) is Gio,ei*,» Ldij^g, md lada®laa¥aB.iatti5a4i«



103

C197.3©l BMxtBhm ©ni' ShMn ia "mBm^

©iasro^a ^ Clt66), Masiov m& Bt^anmtss,

iCmisr (19?6| end BhoSwrni Kml

in, peas*. SaJaJ eoa' S^ttlear C'it'10) In .gfia^kta#. alilslian

mm."' (i^73) in Caiaiam ©aians VertfeateatjaarXn et al. •(|.9?8)
ia pig@on pea# (1.97S) i.n fcarjato#. Bolier© an^ PataaJ3«

{19t9) In ";^aranfehiis>. Kh^na end M^erclisndaiii Ct^SQ) in

eaa ifa«3$raia!i ^ il§SS) in

Ttm ©l3©es^?a varied meponm m i^radiatioH may be

due t© Qua ©S tte €@Xl©ifiiiig thf®® reason©» ft laaf fee fine

t«5 differenCQS Id th© ciir©^.©S<^- -or' to

.teifeiati©.ii ©f eel.!, 4i.-vi.si©si© in goia '©f treatoiaata ©r

'fiue t^' tia^- lapse |.rras2i.atl©n ana

plai^tAiig. It hm ropQrfee^ felist;. it coiiXa. tea

to tte dastitictio?i of aie^in® (skoeg#, 193S)« SfjiftJi and

mr&tm ^i942),: ^mn iims) C-1957)

suggsated that it mmld -Ja '̂ ^tie m $afeilsl.ti©B of aimi'n

syntl^osia ir&tliQr tlisii destruction of syrattesiised

^oss eiw©ii0^.@is3. to frigol.im sia^fcorrarfeiaiR

s«bj©ct©'a. to X^rayg and tfeeOTsl neutrons mr® attributed

t© tlie Gmm oS rediicsd ^misiatioa ^

sifilia m<^ ©sdwarfi Clftg) ,w>Elciag its Lans- ^eniAnaris attei-

bttfc«a<3 i,t to physi.o«<;h<^ical disfcurbaneee -or ^dhZ'egaos^al

ebsrx-efeis^as#
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'irire^eGtiw mi th© elm oS. ©uckers, feh^- is^sn

^pmntimg^ redu^^ ?^tli isicresse iii gsspai. raf

Pmtmn and MsTOnfies CiSfS) ^nd M&mM&z (19t3)

oMainsd :& 50 .^©r c^iit in.Mass actaiiaeta laf

sos^ifiQ see^ iti ®!s solwfel^is*- Miipfatti ai^ Msraafo

(-1984) obfeained" mutant© with gama rays anS ®S treatment

ijs m iig.^ tilie parcanta^' ©f ai©r^a an#

plants decreasing with in^xmeing isutagen dose»

mtt^ Ci98S,) R©t©<a ^ m^mti&n ±n sproistisig ^a.

<3^4# to gamia i,rra«34@tAon and it Sfsdireassd with .ijEiarease

in l^n gaffdsn .r©®©#

Post-genftin^ticm^ mortality gives a good astlmat©

of feli© ®££@efe ©f fel2© fflutagan* Ira tte prea©nt

iiiv^stigation., tte siirvivsi per©#ntag© ia all tSie •@Kp©siwes

w$s i©isa4 to de^f^as# witli Aaereas© in the does ©£ ^iss®

ifel^ Is tfi: CQEfOTinity tm ohB^mmimB ©f

SMrahov Sliain (3.^66) .in fiQld h^Bn anfl l^^oradg©

ClSSfi.) ill iireneli s^feass* UsuXb ana

11973 h) noticad a sigui-fi^afit ^edticti#!!

la mmvi'wal o£ wifela lacrease te toaga of gesiaa.

A ©imi^ae result was mpmtBdi eoBetantin ^

Cl,97"6) in. ®isytee§n». lOsoiit SO p©r ceijt o£ &\srwiml. r©4ucjtioa

was Qbservea tis greeagram cmum€ hy X«e@ys

^ IS"??)* a<s€af gt il9'71^ notes redi^e-a ©t^rvlval

^reewtase iii <^uii«3Riit % ^swa iixs^iation* Cofi^taiitaiii



105

and litcrsra (1967) ^bservad a r^cSnction iB ia •

gree.figrasi Mth-tecj^ease in di&©© ©f tine ®^^ag©i^*

Miijeeb ©Eica GF©i9 Cl^72l in Pfaaseoius vulaaris a '

pyop^gsiv®. in' ©on^ivai witfe' tte- immme in

ame of gai®a ISie Qmm mm report©^

bj Pai^isiarsmj Cl:9?S)# •aiiMian §t C197'3| Singh'

Ci970) In ric@,, ^t-tselialk (|Lt67>,^- -RMiilm Ii974.)\isi serghi®

oidS «Sls©is#i.asrf 1197®} in

f#li«3Wii3g'Wt©i©^ca3. ©cpldnattoBS- fiiiafi

for ir©dti«3tioii in the smrvi^al witli iaerease^ :aQS©s of

iri?as34al:io»i» Hi© reduction- tesy fes 4w@ to ^eiX

growth resulting £rom ssytolofieal abnoniialities "tfm

de^eiJSQ lij the of aissciiis and otter ph^fsiolagi.eal

as obaen^^ ^ IJ965), mtotic

a&m>i?isiaiities, 4ue to i-e^ylts Ifi atrus-tursl •

iti tl® cJsrastiOsamai cemplaasnt^ teterfera '

with tfm aormsl growth apsS (agi/elopRent of os-gsoa ieacSdiig

to- isfeereased survival pes-eentage Mtli inoreasiisg dcsses# •

Otli©3fs iskQ hava. reiaorfeeS deDaa^feat; irai.'isfei.oi5 in

smi/'ivai B*i?ragi1;© ^ .gt». (1,9621 in ^;^©h4r® gt

(3.964) in Capsiem md OatMra and sahib m& libr^aj® •(l§7o)

in gaiJsiaiM*-

Stotslcy ^ (1964) ir©po*rte£3 a reduction An

siairviijfai hy gaima irrsfllation ©it ©aeds of %fild <aip2.-oM

1. 1
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lljgSi- ^aibisiaiis rhlgcsies o£ Mass aaMent-tia eisltivar

^os utclmXrn, txmo/Bt. ,al.< Cl^SS) feiist !»• te© cu|iti"^ar

Fudlng^abait, th©'s^irrMai rat© wes fieqressQdi l3^.ga®m'

irradiation.

In- &© present anvQstigatlQrj ^ in i®sti

plant heiglit 90 ^ays 'after-s^lsiitiiig ©nd'at was

n©ti€@<a wifth iacsrea^lHg of gaiwna. ray mp^wms in

€2oiBparia©n with tlie eoiatx-oi# -ite same trend naticed

in ©il tte •M.££&t&nt a@e ^ioiips aiicl sises -of gu^l^rs .is5

A smduQtlm is plant heiglit as a x^estilt of myta^^n

treatment as was tmtBd in tlie pt^sesst. lai/©8ti§st.iori has

teeft by smmmX mwhem-^ Kmn md im Cl©?3)

"that planfe, Isei^fc wa 1:^ 2,0 t0 25 kR

garjisia ray tr@atiB©fits in soybean, Lo«is aM Kadass^vatsasittidar^

iimz a) reported a fradual refiyefei©?!- lii tte Miglit of

MtSi, 'aose© of fsnna raf© in cosi^©*

Tm &mm tirerad wa© rapoirted by Cofsatantsin ^ <1976)

la ©©rteao aiid mrnmrn and Haherch^ndani (1930) in gr^,

ill plant. h@S#tfc €6ti0%ring gsawa irradia-feioa tfa© '

reported 4si rice- i^ishy ms), rafi tow#

196®. m^ B&m-rnmmng^ md -ttieat iSapoor and Hat^siaa,:

,l&?Os Fliev* %B12i msacheiiico# 19^4s £»*-wva and Eonorovkaya,

1974 )«• Bwarfiiass t-jlth stems was by Kor^
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,(19S9> o£ rice# •

In generation &%idrf ifariaots in^'eottos

©bfeaimd %• ifeaH: ••gtil9Bl) by gaiiasa toaiistiefi.

lJshuftd«Z^© iX91Bl o^taiiiad dMsrs autants '}3(f qsRm& iirfsi4a"w

tioa o£ cufetinggs: aesa© .pollers of f, pof^graftats*.

feijoa,. flstschio mM alffiond* .2.13 sose "variety "Kiss o£

Fir©® rcidyctioil in wa^ fi©t©^ by g^nna irradiaticMi

by Oatta Cl^SS)#'

•sfli^
'tt. viaa eot^d in. tfee present^tbat iftereasing th©

of gaisna s-ay es^swr^s.g. iaesreased tli© uiimter ©f fijiietlQual

X^aims produced p©r pX.®nt i»n cca®par4s©n -witii control,, Tm

.s^tie tjrand was noticed in all ag© group© of sucl^ra,- iMs

osuid dug! to tte upsetting ©f ^5idstion«-r©du€Jtioa process

.eelisi irsaetiVQtion ©£ vital, -ensyTOS' ea^cially tliose

coi«@rii@«3 wife ras^ii'afeiQa and lahiMtieii ifi th© rate of

as-siaiilation md camQquQm clianges irj th© TOtfAe:^t le^ais

o£ plant as reported by BJirei^berg (19SS ) #
{

I'^lodieal ohBBmrmtlmBif. 90 ds^B -aiter planting aisd

at barest of plant lisigUt# niMssr of fwctiooal leaves

ana. girth of psamdQs-tea lielp©.a m datennifi^j ttm' rat© of

.^oiath# Jnci'sasiijg tti© dos© of gansRa ray ©scposwr-a' s"esiiite<3

in a significant reaiiQtieri pi plant lie4#3t.« Hiiisfear of ,

£m.ct*lm&l leaves and girth of psmiSo&tmm liicreasing tl^e

<3os© of gasnaa ray ssfosure retiiic^cl the plant lieiglit#
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of functional/ leaves-90 cteys after pXenting ana at

•ftie c|irth of also -^Qereased, M^iar

3l»wed ,th»t rat0 of growfeli was •reduced, by inut:a9sn

fc-3ceatmsnt» Caldaeott end Smith <19S2) observed •a raductiori

©f barisy. plants foiXawlrig eeed irradiatlcm with

5C-«ray&# 31rai3lar reisijlts. mrm obt^ned-toy Wom^ ^

Ci96ij in t'iieat and issodstisG^ aiid J«s"tiea (1967)^ in sials©*. •

wliseta sorghum- radiislie Qcom.h rate reauetian eoiild

dii© to atscin a®sfer«eti©fi as reported K^SBt^n

C1942)-, Feie m& Hmt&td ClfSS) gtig^sted <^ie% ttie possAMe

i:iifeer£er@iiaa of irre.€iat4s3i5 wltli synthesis ©i OKA co\^d
?

-be tl-® caus®;#. wMie m&m sparrow (1961) ©pina^ %hat

th$ infltienee ©f ioniaisftg on ^rowtli can tm

attri&Uted basicjaXly t© -the ganic loss due to <2te«®©sci!ial

abairrations* i^ans et, a3..* Cl^S.?) E¥«is anil Beott

C1064) ffiifc©fei.G •d@lay tlm majqr cause oi growth

reta3r4atiQri In irradiated j^opijX^tiotiSs- rssylfeing in

gro'wfeh rat©* Respiratory cycle is main metabolic

gowree of energf feif gmw^» ^ (1971)

©bsen^aa ii&iMtion oi growth ifs gsmm. 4,^iraiai,ete€

seads asad ©iig^sted that ti-^ efiSect oi s©ea«

lings miilit be to specific; effeets oa oartain ro^pira-

tory SFBtaa ©i^rating di3ri!i-g erop ^owtli. Siitia an^

GosSwar^ il^2} psinfee^ out;' t^iafe ^owth ii^iMfeloa afc higtier

/ r'' <•'
i y
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^dses Klay due-to ^l^omdsaa^"abesrratioas, • • '

ill® rois ©£ BJla in s-educlug <^©wtii'iR miit'ag@n

•trQste«l mafeeriai© haa bsea <aiscMssed by siiiia '

€lSif2)* t|9S4| has postuisfeed ttiafe iirraMatiou

©tops latii tsransGriptiQn '<@1^ teads. fe© 'decrease iin •msssei^'^r

Ki4ft, \&iGli Bim'iA4 -c&aBQ a im ,pr©ta4ft ©yothesis mnia

growth. Cmp&o% ts^ie-in pa.ar shoats-^. tliicfer than'nosmal'

'ior theSx 2.aagtii'm M 'otUm' was»: sfeoot©' %?ith rsXatively

short i^teirrsodss by-t •Similar •di^afcer to .^orrasl •saoos 'by

mutagsriia ©$«nt:s yeportea bj'Bevri^s ^ I©'?©*

-QA.» (19SS) riQted a •<3ecr0ase in @r©wfc2i rate lay gasstsa

Jxradistion In tea,: ciiltlvar Fwdingdabai.

The £l©w@iring duration ifioreasea tfith Increa©© 4n

gansaa ray eK|sosures> aiereasSitg tli^ dos^s of geapa ray

es^syr^s of baaam .sMdcer© resiiited in. aB iRcreas© ia

tte of days t^en to slisotisf# days tiE^seni fr®

©heotittg to ha^^m total toation iadr©aa©a* Flarits

witli varying flowering haMts smh as early# iuters^diata

€ncS ist^ flo^E'isg lines t«s^ ©%t@iaaa foy itesms ©nd

Fortmo Cl^a) ia iii§©©a pQ^> fiudraswaiBf C1984) oljserw^.

cfela^ecl at hi#a©ir doses o£ gsimis yays iia hor^«s»

grsm* IjOUis mA Kedgntoavaft^wid^re® a)-in cotvi^a

and ia»an (1964) in mirnQtsean jrsported siinll'^' results «•
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Km'k&dm m& Kutatela^ge Ci©'7&5 £^.li©4ise4 eerlF

ripeiiAag mxttmrn in attrus % gasrsa irraai^tion.s. Klsaiw»l

<i9S4) ©fefe^fied S aarij maturing ancl Mpi sufgr

content mutant© by treating .r^fgi an?3 MS iu,

sugareauQ* tepi-ns (191S) obtstoa Msefiil, imtatieiis.

tM s-ipsaing time <>£ fruit ts^rntm-

mnt la Mpl^m eultivars.,

m th© prmmnt ifwestigation# I«(0r©aaJtif mm &om

Qi qmma. resiaited in m hvm^ isi

all treatrosfits i82®©pt 2 'IsR fsisaa e^jpeaijr© scoffed

tte highest buns^ w©i#ife» a im mean, yield .@9 a

jfesalfc ©f mtitagen treatn^F.t lias mm ^ep©rfe©d % Pafa ^
ilMl) $.n 00y^an$ ming phyM^al VaBudmm

MM. (1969) ^fes^rvea itiemase in flaM ^ bai-ley
at Mm- Mgim&t m^Bme ©,f x-rays* i%t©w© erosam

CltSl) eoticiiii^d that entation© oi poiypinsg eotild oeeiffi'

in plm m a® .plniis ii.^e<^l,©ns in- tfee ease sf graiij

yi©i^ in riee ®£tejr

Cl,0St) 0hos?©d t2i©.t in -oats .teadistioft eawg^a muta-^

li©ii® with irega*a to yieM -mlf in tm mitim '(Sir^jtiofii.

Ha© ma SlMiq' Cl9t?) ^ariatiorjs for ^ielct aM its

cmip&tmnts Am tms varieties ©£ riee aaggasted that, -tins

chm^s in tb© lasan value w^i©a with tha variety*. <tfhara<G«

t^j, matageri and: thB fanerati^s# Ttmy ®plaQ«2 tJiat feh©
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frenc^ ^bsan. Vlrup^ahappa CI9©0) reported that tte

TOaa'iraluas for Hm annber ©£'p#fe per piaat »d,

wqsi^fe- in mutagssB •trasted popMlafcion weace iea^r than

in ufiitreated populatiooB,

¥s#lw4r (litT) 4ft A^-tooa^ys ^seialegitm obtained

a #terease itt fruit leftfth in l^l| by SMS tr^at**

laent# eanfosmatiaft wi..tli'tl» resyJtts ^t^laea in tha fJi-^aept

Inwstigatiofii,: le^sre tha finger l@rigth deceased with

io^easitig tlis a©se M gararas ©KFOsyre*.

A redtietioft ii5 .»ean as tms netecl im tie-

Xjir0s©nt tewstigatim* ftm tt©t0€ % BhatAa otsS

SwaEUifjati^an, C|962) anfi Sorojevic Sorojevic flS69) ini

ir^k ici mg'aMiog>si^ m&~ omX its?)

•ifs .fearia^:* Ir -esct#!!!©-!"^ stMies 'psrioaie# % S^©a4roIi.

Cl,9i6 $, b) md scK338iiroli ^ ' <1M6) ©n i^est, tM©

efi^t wa^ glifiiMii 4n tte saffss pqptilation f©r a lairg© ainjfeor

©M ¥aiiaf««lii (ItiS) as0ii^#d ttiat

fiollowifig g£S^a ray -ts-eatm^nt iit ri©g» mutations- fsr roost

o£ the quantitative ciiaract^s ©cJSussrad s^yKinetg-ieally in

pi'tip m %5^il. as raims aireefeiofs# Garni CiS.iS5 iomd th^t

imanesa micro mud mtakiGm in feiarie? <20 -mt iolXm

any partieislsr dirsctioB that tlisf ares at raf^i3^*a»

nastireit aim opimd the sasne for f^lloMlng
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JR tha present iavasfeigatiOT* •fruit •quality ans^y^is

ali©%7©d tha% 'total aQl.:iible soilds, end aeidifey' fieeg^easeS

with, increase in <a©s@- of gamt^a- ray es^siare^ in fssstal

swg^r .confcent anQ -sug©r t acjM ratio in^§aa8<2 with Idceeas*

ing dom ga'!a®a. .ray ej^sure®^ Beer©a@e iri. acid';q©afe*ssit

ao-S inc^^ase in siif^ i acid ratio ©r© f©iind to incresg©

the quality ©f 'hmmu £ruit* -iSiou^ tMe ©f tfm fruit '

has, ^eii discreage^ a slfnificant iricreasa In quality tiasi

r©s\il.tej3. In the pa?@seiit a useful

Chlorophyll <l©j6i.cient plmtB '

in th© presasit .ittvestlfefeloK* ^loropfeyil

•fe?as notlc^'d at .lower aagee -In earfc^n ^ue to g^ffiia

isrradiafciori# '•tte ^ifferant tjpea oS cuil^opByll defloAent

plmts -Qhm^v^d Inclnd® smiam. ^ Cfeiorisas Hie, .sfcriate

tfp© ^les £mmd in. fre'st^r irequeuey tbaa thm ®tli©r fcfisa

(Plate i)♦

Ghlm-oFi^Fll di©or@aM®.et.ldt3 one of tfra- me«iy

effeefes of lis-adifetim 1947)« ^ ittcxeas©

in tlte o£ elilo^^yll amtatica with' .ifisraaaing •

doges o£ radiations repogfeed by several imrestigators

in ric## Matsuo 'Cl.SS.a) and Maalma and Kawai C19St)

r^orteci Miat mtit.sti©ii fsref^<$iicy r^^acliea a .aasslffiisi
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mi asiS faiasa w&fm and ^&em^ afe

<!©£©©♦ iiOyis an^ Ka^^!iibairaiE5^wn«3araTt C10?3 U)

mp^tm tte ©cjcurrerice 0f stfein©#, x^tlia.,' and virAdls

mut,®ts. In Goipa© foiipwiiig geiRma irr&iaieitiQR# witfe

spaetriim o£ cliloroplifll'mutatiofip io' l«afchwias safcAvua mbb '

o^taiisM by §»!©• IrrailaMon (Gfeelcallrsj, ' '

Xu til© pr@s©afe |fivesl;ig©t|.©sij> 4^ici@jit

l>atefjas mm ms^rmA m tisa MamB is M^ier ^sss of'

ganma r©3f ^^.gjuras, smi^- g-esults' |iaw teii ©lst#tea-

% 0js» am ^Mm€m flP7|. | hppB k©o m€ Ja«s 11970)

in ©.o^a*

Stor^olQ^eal.. ' '

a I t^mm^

m. thQ pre^mnt 4li^©tigatiosi# © Sms plmts-

tmtm to pmm&s. Mme& with altesred. siae and sh&pa to

r^afeloo treatenfe C:Plat© 25', ireiati^lr
narrcjw ^4-th ^'srlcer- ©aa tMi^er MMMicetiofis in

leB£ Blm an^ shape haim bean reported on lluss

in mmm plmt m a cQnmqmm^ o£ mtitsg^n treatment®*

sin^i M il939| feporfeei^ vsriatisft jIh ©hspa and sis© of

lea-res o§ mmimimi MmMtmi t&llowing irradiation,, Patel

B.n<& Bafete Ci960) obs<sin«3S n^row l&mes f©13.ai,fiiig ••x^rai* '

t&estmsrst Ji.R mw^hmm. eaps^iaris. in tlie present stuay-o
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th© noted .an.^ i^t© s^emk-s. (Plate 3)

a® ^11 as stimfca€ aRd .eripj£©«a, leaf bXefea,* Plants ts?ith

spilt Xminei s^r@ notiesed €.<mBeqmnt to gaiisiis Îrradi^a*

Hots# , . , ^

l-larrew leaves 'r^port©^, Allies •

following x-ray treatmaRt % Sehib' a«<S JkbreBaia •(1.9 '̂?Q)#

fie.ghijRr^M .Cl9?4) .^s©,r^@d cr.^Iea leaves .and .

Siss^cfeei3 margin®' in Trimmslla fqgnumcigaceiM

gaama ray treateat,,. Mostly md C.t97S5 noti^a,

pm^BBBivO' reduction ixi siae, ^ist^tea sliape, irregular

ioMng .end fihan^-. in t^^ure oi. ieavss In- .

•follwSng geasaa ray fcre.atsnant;®#

Irvine •Ci9'40) fmld rna view thafe abs^maiities

olJsarveS ia leaves .a£t€tr eeuld Ss?- dye to ttm-

dist^baices- of ph^'toG^jrones as a ragult of .toadiafeloa.

g^aiae-liKian .gfe. al* Il96i5 stated that ttm IrsrodiatiGn in<2iK:!©(a

aimoEi!i@^ifeie,s syqin as mcmatlaa.' is anstKar' and s^ze or

d©£©xiHati©n of lea^s bs ci^ie to elirasioaaaal abc^ra^

tiOfjSi» Moh ClS^es)' ©ttri&ut©^. aeti^ity ff:tm th& cemtxi^ to

the flanks of the apex' ©f th&

Seriano % g^imja irra^liation obtsiftea

aberrant leaf elteraet^ra. in @«e.©t pcjtafeo* m%x Ci97$) an€

(1973) obit^iBed plants wltfi darker leems after
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i%9BZ} ia -^^Umkm .Aateum# ; •

ll^ssl m #f Kmm

tigst) -0£" Mma*- 'mA î%M4} $ aftor

^-i3?ra<l|-atiQa iti r©p#irt@(S that mxt^ttm $£• palygan^

•ioi?

#^nirs in liost im tnte^g •dlr^isfei.QW^

•sr^s© Bmm&m^ ,-^ gseenfta®- p%mm

%2r^at($a gsiw?^ ray© ^fiorte# the^ te- p®ir©?t%g.:

'M^M* imtmi- .in tftsari la

plmM Mi#t M i^$m gmm& ww 'ii^|*s

m^ C'i&@3|- -als'© plattt® he4#5t'

ill mt -^1* •fisi'i)

©r®cs1i awt'sftts giieirAiig «@iii^i©ii.l.a pl^fe

in li| m^ M-^ •^mmrnimm •&§ Wo^a

m ptss-- i,ii mm^%ing % garama

mm HQiseil ^ •Ew« IIBfe)#.

K€ris#aas.0 «s€ (iSff) i&. citt-m

:ii«*taiita .in m^ bwirf
•WMfeaist# wmm. et CI@Sl-) i«i

-faMa ©f simitm

mmMtM hme imm fc-^port^a fey ^ m&4&0@.vm^m^^^

'•<19^3 in, ©o^p@a md by Eh^fi im mm^mn*



;

119

tpie g^saa aray a reducfeloti

in mean leaS nmrMer^ imm&BiBg th^ Cmmr g£ gmma- ray

OKppsiit©a tlm cjiian- i^im&s©r 90' claya plaatiag ane

at hmimBt mdumd in ana 'generafelons* Tim'

gJxtli oM pseuiiostem in generation' ^Saci'sased with

I.nqr©esiii9 dom 0£ •g.anip.a ^5^syres«' 'Is irMg: '^nerstioft •
«ilao ittcraaainf tfm 4©se o£ gam© ^ipoaut^s^t. gitth of

pB&u^oBt&u ^€rea00d .progtesslveiY fMti GORti-c)! tiS' 3»© feR»

M tlie pressBfe sfeijiay# a sOelay wm in ttm

MlQm^ng md harvesting oi. .Uunqhes im genera-

ofj. liier^asing tlie ciSfSQ -^| •eisps^iii'asft

ifti til© »s3os© oM ^rhi© ira^ ®3^i>Q®ijra@ s'osiistjatf

4b. sS^css-^as© te tfee temii eli.^sefe0r su^i as iaisieb

ImmM Xmgth m<Q. n^iBter ©£ fianiafi! pair ,lai«cli»: Mata«©

C19S4} %ii© ciifiarencss ^tw8@f3

Mg ffittfeaists mM sstits-Ql \fi.tli. resj^et t® ®©i#ife of paaicl©

rics report^a tiisfe routafciea 4^ polf^ftee .eoul<a «^«r

in. positive m mil m n&qmXv^ ^ireGt^l^QBS,* -U^i® te

due to t:te' ^lay la the is^tiiafeion of BXf^mrims.

of giTi^wtti of

In the pr©s©Rt ipteetigatiori' inmeming tlw «loi;e ©f

gmmm. esposares resulted 4-« eleerease In the

cSiaif@«£ters nwsbsr' of iii^gars ps^ .bUEcts aM feansi.#,.

filler &niS, fisiger si^I.air rep©Jrfe0 im'm ^&n

/ '
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teade % •m0. #)• #nd: .' • - •

'ksri^ 'Ci9?'6')'' -iis 'bM Smsmp-mS. oill

In ^ Clis©); rep©rt©a

timt the' m&m i©r; of posSg pm p%m%-ana

seal in'' .tr^^feed s^puiafei^ttss .©g ms:&

'mm^ that iB'iiat^ate?l'p<i3ulay.©f4i» •

$M' 3K©aii§ of' tip pc^ylati^ft f^oci, •tii© man

<^£ feM c^fer^a.. tM© '̂ fKaisi^:!,-. , HSgter-Besses ^

ttaiictiS- tm frwit '

in tM mm ieiigiii

-tr^atea tr^atsa; m^ -^^mm

^t Matm^ Clf64) ,i« ^immtim of

irajr4.aM44fey Im ^' •^Bsratissi; .te fela- $m&&m%
wm mm- tfii-s is is ^f&^aent

i^th %tm mmlt #bi5aiji;©a '%• i^ai sM siiisiM, Ci'i64l te

:pai%» Pstei .^d St«eroiiiatliMi

a in' ^r^rstlons

m teiadia^tsi

Har^- ©isi. 'dftSl '©l3^r^?l tlsat sas«p^ ray

@3^®iir<s[s .s^.sii3.fe€.d 'la si^iifloasife' r©ij®ti©t.i@ci^ iii ,iii©^,

grasCel.#. tii llg ©s^- fig' 9eftferafei©si© d£ ric©:-is^osi^saris^

t©.- control,*-, A similsir we d&talii©'«S by iie^a Rani.

CJ.9i5;| All (phAIitss ifi. Iij| .

ilb
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ms #€' Simita par pimt md irnm Mn^ih

01 <a@^ir©^s© tidtSi 4iitcsr@©se in doses of gaasna mjB*

ThlB 'Sd^it da® feo felie a<5l^y 1» tli© iisiti^tiop, oi flo^-

Ai:tjibl;ti©fi mi m^ reauetiosi fertilifey-#

a4!Bll,&r .r^ps^s iiaw fes^n, iEside hr S^Ms m£

Iiti3 mni Kmm^

i%9W} M mmma- mi& sm^ mS. ©ill Ctt6S) Am

M r^psirfc©^ titefe. tlia a^aft

fel^. wmrn^ of ppd^ p&^ plmt m& aeaa ia

^eat®a of .<3©^.^^ mm loss than that .Iji

rnmBrnm^ pwnlmimm. "ismimiM i%mi) m M^MoaeSiMa

c^tMnai vsriafeietas' te Mmit Isisgfefe low

d©s®© ©f Kpmmw aM -"^s wmQ. ussedsi

swuit ^siity analysis in tlae. S2rese«t showed

laipt feo^al soStibl© md mMitj mtm^

ifiereessit M -dose of qmrna ^uaratloii,

Tofcai Biig^ e©afe#n% am m§mm^Ad mtim Mfeh

^«3r@»iiig. -^ms M qmmm in,

tlmm*

iCi^5lM3ta aM. fsJwat® <t97S-| mat mutante

^ii3s^a$©d m taii m eat^r eosfesi^t

efetsiaea @£ter treatn^^t -©S alioots, dsisffient rmt

©seat of m-vWt potst© wi^ ray® anS, ettiylen©

:liiiiisieo
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liscsy 1 st-Misd tli© specjfemia, of: •appi©
-te*© mmm fippfe laith t m gem^

mm sm® mmmS^B imr-awm€ tw^,« fisiority of mB

m%m%B €id -note ep©ii§!i @@oa- tis^its' feuits to^ ,

^e®aS' -©3i»©reiM it tea hmm ©ugoersteS tliat .ac^tatele
mmp^t eotm mm ^s4.r#»is emit (^u%j am £omd

n^n mistrntB ©re produc^a.

^ Cl.984i obfeal.fi@€ b^' trsattesnt ©f

re|f3 ^ fnajj M#i sugar mutaits. wifh-

for .f6Qs% «3iwset©r^ -oirar tfes 4ti

C'|983) An mango that

% sgajiima irra^,@^0n im$^ vja^. iSiikiiBwa

^li: EPvsr^isa #3fca,l.®Qd m- imt tmi^sm ci0m& ®«periQi"

Mm m%&X BUgm m mmm p©tat#*

MDriSi#3.oc^,eal, i^-sristi^na

nm isarpliolagtol verigafes In

inves%ifafej,©!! ii^. md ^mratississ mm^

(past© 4> ana aiafeii#©fa^ii.is ©f of laaf

mam m* mk^twm ii9fi) mmtm m^ mmtrnt

-'B^ra- |jit#«se gaausa .fera^liatisa*

wSm^b

OcaabM mm in s^rfeaiu |>I.aafes

:CP3.®t# ^} ia a vmf rare plmsmmmnon in mMran variety.
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•Doublirjg. tencieacy lilt© double splices, dcsulile peiyaelea

and double Imme-lB wer© oBserv^ed By Sethi an&. Gill (1969)

In "barley f ollssJlMg gamma ray traatsients, Io#&f mA'

Abralia® (197S) aotiaed tuin fmlts. to tte g0rje.mt.ion sf

bMMi^

In pr$s#Bt study, it Has &lm hmm olmemM

that so®© of tBe aBBomall'^eis mQ mt t*M

f" specific elsmges wM&h lead to tli© iattiati-om of smh

cliaiiges are still laiiias'^n bttt ttoes® couM b®

phj?aiolagleal distisr'baiices or Mrtaoml isi&slafioss# ei»$at:e€

dm to the dlrset effect ©f t!ie

SuckeriBg was early in gamma irradiated pMat than

QonXrol plants (Plate 8) * This mmj h& due to tlie early

stifiHilatlon af swelters Siiitials hy irmi.latioa#

/ B, indueecl amtagenesis
I "
i T'be fmgeiit liwestlgatis^i -also attes^t^ td -ffca:a»

darciise ia-*yit.rc5 t©cteiqiie.s in to sxifca^

gmmls in battalia ^ayie-fcy ienarsn (Mt^m mmMMsm

; -mitig ahoQt'^tts flie maltj slajeetives ewisegei

i isolude sl-a»ciarciisatioa of ahsot-tip eultiire teglalfitie f or

•©ittagea tresfciaeuts and analFsis of tii© '&i created

variability for all tl-ie profluetive t.raSts* resiilts that

haw emattateil out of tlie investigatiQii ar# disotisgsd feete#

I2l
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thm ,th©s© to-

qit:%h. -oS pBrndoB^m*.

In tfeia^ felie <Safs 'tp was

d©aa of fsiMa ^sm

' -Stm^ 0#s kR m 0,:?s i5i© saoQ' '&mt^ wts-- in

days t#c@n £tm 'mmtimg t© l^yncti. aatwrity mM- tpfeai

•dtiratto,# , in #11 Qjes© ^i^a^fc^rs .lii© mmmt

aredQra^a#, the .«\ia4mtaa fti»l3er of 4a^s and ©,^$0 M- -gmmm

^j^syra reciQtied^ tM me- mmly ^gsmiMg of

©u^airs as «. ^ isi'#er @1 faaiRa srnys ••••

nofc^ in tli© lias ais© ^@|oirta<t

•%• Huattg sna Km C19-19 )♦ .©fetaAm^ e^% ^cs«i«g <if

sEck^s in. Bboo't. isolates of b-ausisa ifagiety *.ftsi©t^

JMiwcljig©* fe©. geaaa ray#*

Xs -fell© pwmmt atmf». on immmiMg tfm to® ©£

gessaa, «^«i>Q§i2ire twm 0*SO m Q*m im# tfm hmm mi^it wm

tten# mm ma 0*7S m ^§mm mpm^^B

h3,gim^ ^Mmh »i#t 't^aa. €^trol A

similar treoa was mnd mm Clsf®)#. 'fS^f

yi©l-d .ift B%mt ^pm isolataa of

•cW,&&* *!PelL«<eMa©* bai»«a vas'tetlsQ' essg^s^a- t© g®:g»a

rajm*

fliQ langth &§ remrm^- by 'Cmtml ^pulatAoa

wes Immiii iraf- tir^ate«S mafc©ria3.s» ©is
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the of gaisma to,

S>m^ length ims aiso obs^ryea#.

buoch ehaa?aqter® .su^ as €>f' lisMs- p^'

nweter '^i £ia<^s f^air ImaA ljufioli- in feh©

popiiiation roaQsr^d. m JL©ts^ar sgcap^sred m 'trest^a' •

mateir-iais#' iten- feti© dose^ o£ g^«^a. ©s^pssur© ific^eaaiad

tte fs'®&Ksr .©£ h-saiai and fillers dac?re£i5ed« ,

itt TitMber of m^ Rissber of fiiigera c@apar©S to '

confei-01 in tb© pmBm% iwm&.timtion •%'tm in aoaforiiiitf

with tke fiiiaiiigs of m mzmm a|,, 1X980)•» tn tfm hmma

variety »alie Momid mm mhmt tip ^splaRt©, '

derived xroa 'gurssiia inrs^atiCia ware ©Siailg^ t© ©r

£jett#r than csatiroi p©pwl,ati©ii with raspacfc't© ntniter' ^

hBM& iser bya#i -mnt Mrngem p^r

^ Q*50 and o»f5: isf^ ^mm& ess^smm 'mmrdm

hi#^r fin^r -asid' girth than coBtroi popii3,atl«3fs.

Un^ ani. -firtii ms M#jer iM th^ Mgl»

Fimit gUwlity

• T0%$!. rnqm ape s mi^ mtlm fir^

mntml to 6.tS wb mS. &cj.aity jS<setf#ae®i- €mm cx>y|ferdl

to m*

eiiios-csstjyXi defieieiit plants

m til© pressBt iiiTO:ati9@:fel,on cfiioTOpMyil _«aa£4ei«ia^
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•tso%i<sea' m -m- qmm^ :pr^^a^

€m W'dtaom0i^ Clfisi

of ©lio#t tip a®05«sttts 0t iattSB# mim

»ictei, H«» ®is«# {MA)# sspia0^,j|« fitail

miomphrix s^m^Sxig .£« tMlifpte frMt. &r ^mm

mi Btimt m4

stem {li^hssto:^ -Mm' M tesaiatM^

m 0im%*Up rnm^Q (mMm m*'m a

of #isfeotojt^ lsilw<3afei«m mi m$m '©mmm*- mmit0
y • .

•i^m mm tiig- ml%B im

em tm -e^ms^ Wnf m^ m& llftil

&MMmd mmlf ^mMS' An iaoiat^s ©t

tuft m g^mi& '

ift©y ^im £©wtia m^.'mA

p£0mntmim. $m tfe© -mm'im^ in. -to'

immB t2i0 • '

•s^iifjiti©- ^ ^g:' Cia®4i^ a wmm '^©i^
, toit© ©t mtrnm o^^mt

fer #isKm te#!3isfel.e«* m wmmm ^ •

sevs^ai ttt^rjaiologieai #^rati^ia m^e

% m mmm .-g^ t49S0> te ite mm^ip mmmm mm .

-•4 If© M

!:?S



SUMMARY



I SmUhM

file pressBt imestigatism was ca:iwri^d la tti©

of .Agricultural Sgtan^j, ColXegft of ilgilcuXture,

iaimni teing 1935^*88 and ia tlm plaii« tissm qiiXttsre

attS-^bei to the O-eTJartaeat ot Piantatloa

teg© Hart:ic«l,tijr©f ¥el3aiaiMkam.| ftelsgW

&-.*S9* Tm •gro^Bct taisen m to staatlai^lst tbe

Ificluced' aatagentsis InriMA «^d

banasia (Mubb. paradisiaoa L*) irar. Ifetidfan. and als-©

Xjbb th© effecl of ^Co gama mys oa gr'̂ '̂th and
3li clmmeters is tlie v!^ .geaemtisfi ao^

atect in productive traitg Isi the vH^ asd geii^fatioas,

ip aad tissue ajo,ntlas ©Icl suckers 'tfarioas sises

r@8i0FiHg 25 to 73 per cent of tli© pseiidostera) wwm

3sea to 1»0,9. 2*3 •ar4 5#0 IsR gaeaa mya*

sers eacia were fsxposed ifidtr eseli tf^atiaest par' :refli'*

ion^ ObsQrwmMmB an spt'atsbing Sm3Mlm

'/ival teaatric 9bsetn?'all&» m vspiotis grm^tu

riees v^&m i,n "^1% ^ g#aef'ati©iis*
pisfifes mnd ®0.rpho2.ogieal yerifist.s

I© gls:^ secsred ifi th© gmmmitim* Ttm tasMtf
lysis was q3,b«3 cai^ried Qut in all tlie th'fea g^fsgi^sMdus ♦

' 3:n !iiutag©.a@3.is isolateci slisst tipa were

cssed t0 0,*50t 1.*0C}9, 1.25 and IsH gssgaa mfB*
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.Sx«»\*^itro anslfsiis'Of five piarsts treatiisfit'

was done In the vm^ gemr^tion for ifei-iowa humM

irMt eiiara^feer©.. simiys®^ st®ti©.t4cs3.iy

ana til© direct effect ©£ dlfieireht sss^ayres qmrna. rays

oji vajrioiis Qi sui^ors wder <3iffaraiit mafeuritf w©s

a.©aesse«3.

Hie Q«ia ray ©s^aures sh©«<3 a -signifieeiit delay

in sprouting M all the thtee eg® groups# dels^ in

sproMfciug was iouad to inarmm with incsreas^ Jji iaiistls oi

g®sna s-ey ^to<3©uifas# irrespsGtiw M. tM siige of suc&eifSi

tte .Rseain porcejstag^ sprouttof survival p@t'c©«fca^

ili ail tte «issposyir@s ware fouis-S to fecx'^as© tfith Insxaase

iii the tea oi gamma .rays^*^ a deer^asa mfcic^d in ii^an

piaat lieiight,: miafeer ®£ iea^s ©i^ firtfe o£ pse^idoatera#

00 <iay0 ,§ft^ planting and at tearvesfe witl^ laereasing doses

o£ gamna rafe in all 'the different ©ga groups md sise© of

in Mtb thm iii«3reas©- M tte <a0S9

dsyj? t#;en to shooting; sbcsoting t© a^d total

disrat4©n Imstem^d in all tte iiffarent bIz^q •©«

©Kposed t© gsOTia Isic^eaainsQ the dose ©f gama ^pq«'

©uisre ia M ban^fei wag^t, hm^ iengtli

aR«a fiw&jer ©£ hands per buRQlt* ' Kymbar of f l«^rs p®t hm^

and finggr© per ftsiad,. lengtb* girth emd of

also dscreassd wAtli ittcreasissg tte ^csse of gassaa e2«p3syr©«-
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Fruit quality aoaXysi^ showed'that total' soluble'

solids and acidity deereased t^ith ioerease io doss of

gamma ray Total- siigar conterat and

sugar s aciid ratio' inqraassea with iricrsiasifig dos© of the

mutagan.

Chlorophyll deficient plants obsertreS include

stiriata and chlorina typea» iti doseg exposures of

gai?siaa, rays* ©hlorophyll ^aficient patdh^s %ia3?Q ©bserw^d

In ieavas# ^eriafeiofts in fiios'phologieal trait© on l©si?ese

stem ana petiole ifjere ale© obsaswd, in ganeration,

Inawced polygenic variation in the and
2 J.

gsReirations analysed in- basiaoa for various (^o^^th

parameteE-B including yield and other yield attributes#

Gamma rays at hi#ieir exp©sures reaiieed plant haight,' niiifeer

of l@a¥^s« girth ©£ peeu^Qstea ^<3 delayed feeri^sting*

Bimeh Xfj^ight# bunch iQBgthi, iiiaabar of hands per brnieh# *

niiinfoer o£ fiagsrs hmm ana hand and lengthy girth#

wai^it o£ £iii^E-|, total soluble solids- and acidity also

sho%j^ a negative shift in jivaan val'ms^ total sugars and

sugar i aoid ratio increased %iith increase in cSos® ©f gaums

ray exposures*

On cswiparativ© ©nalysis o£ th® m©M£ic@tioas of

MS medliKB tri@a, vise s. Boms md Wsasm: (1982) ^ Bi^am et ,^1.

Ci983) C®emi solid media) anS Krilsoriaii ana Cronauer C1S84}



(liquid medium), It was seen that the msdlum deserlted by
iCrikorian and Cronauer gave a bettei- grovjth and early
tissue differentiation in shoot tip culture of banana, .

^n analysis plant height and nusibep of
leaves 30 days after planting and at harvest, were highest
In control population. On Increasing the dose of gamma
ray escposures plant height and number of leaves deereased.
The girth of pseudosteia 90 days after planting and at
harvest was lowest In control population and it Increased
as the dose of gamma ray exposure «as Increased. The days
taken to shooting, from shooting to bunch maturity and
total duration decreased when the dose of gama exposure
t^as increased fro»i 0.3 kS to 0.75 kR, Inoreaslng the dose
of gamaa exposure resulted in a decrease in bunch weight,
bunch length, number of hands per bunch, number of fingers
per hand and bunch, total soltAle soUds andaoidity though
It is higher than control in irradiated population. Meight
and girth of finger, total sugar and sugar : acid ratio
increased with Increase in dose of gaama exposures.

The gamma ray exposures showed a significant delay
in sprouting and this delay was found to Increase tsith
Increase In levels of garaa ray exposures. The mean percen
tage sprouting, the survival percentage, mean plant height,
number of leaves, girth of pseudostem 90 days after planting
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arid' ©t harvest, hmch height, btmch lengthy nuaBer of

haraas: per bunch# niaalBr of fingers, per hand and bmehj-

length, girth and weigMt of finger, t^al soluDl© s-dXlds

and. acidity decreased ;^ith imremse in €me of gmmm ray

sxposures in gsaeratione With increase- ia das© dmys.

taken to sMootipg,. froiii sbsotiRg to fearvest* t#tal dwratiou^

total sijgar coisteiitsugar aeid ratio increasei is all the

differemt age groups and sises of suckers exgjDsed t© .gasiraa '

raya* ehlQ,rophyll defici#Bt' plarrfc.s Dteer^ed. iacMe

striata and chloi^iia types*- 'Variations on iaorpli0logisal

traits oa leases g, sttra and petiole were ofes©rv.€5d in -vM^
generation, Indueed polygeaic variatioiis iii tl© aad

gemr&tiom reduoed plant i^eigfet, xMaber leaves^,

girfch Qf pseiidosteiii bmcli- f taeh aumber

of bands-, per buncb..,. number of fingers -per basd m0 hmmha.'

t^isgth., girfch and w.eigtit of finger,* total .soluble solid# and

aaidity showed a negative shift in aeaa values, Witb

increase isa dose of gamma rays days taken to 'Sbootiagi: f-rom
sliootiiig to hardest,, total duratioa, total sugar cositent.

and siagar acid ratio increased •in all treatraeatg», On

coutparativs analysis- of the three modifications of IIS sieditaa

%ri@£l^ 14«iyid deg.erib($d by Krikorian ,ani €t^ttauer

(19S4) gave a better gro^-^tb and early tissue differsntiati.on

ia sboot-^tip etiltwe of -banana.*. la ess^vitro amlysis plant

beigbt, auiaber .of leaves^ the daj^s taksa to shootingfrom
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s]iO0ti?ig to "buBcb -laaturity total aus?#:ion|'

bynch' w.eightj Qiffijbsr o£ laands per . Ctusgber- I'liig-ers

hand and bTOli,|. total ssliable a:o3J.ds- ^dacMity

with ittcFeasing dose of gmma j?ays *, of .psetaSast^®

-90 days ^ter -plmtiMg andat finger wei^t # iMgrn*

girths, total sijfar Biigar actd mtio' ii^cre^efwith'

iaci'east in dose af-g^^aa x>Bf •.es^asiif'̂ st
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c.» imimmemmt of
^ .plants toniz'MQ s-aaisfeiow* Irs
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Sffl ,i» cevolott©# S*#«' Giec^iou©# p# and Tsgllatl#

Ii962), Itie ggffisis radiafcioo fieid 0£ tte ••CoRlfcafco
Ka^i^al® par I* eissrgia -niseiosra® Eona, Eaaiato Bot*
|8 243-246,-



wi

©atta* Cl965>« ©S Qar«3QSi.roses•
£* SSl* -^ggic^ifc^gQ-- aiid ••• MC4I s. i33«.iJ5.«

®afet..a#. S«K#.-and Gyptss M.Ks 11963ifi
^osQ® • In- Ssit. Conm:*

-De mmmm - |if&Jac2i ©si"pr©^Q%l.©a of mutKife®
'irrediafeMn of oulfcur^ta tiesis®© ©f

coconut ai^d baiiam am tl®ir mm& propagafcion bf
^e,t-iGSiie cwl-fcure'tecSmiqiiQ# ' S:is,8' ^igarOTegeftt c?£
fegQtativel'g Promaated ^iatifca throudh inautcsd

i:^ Qs®a^n, S,V*» UfealsSet ^osario# A«a«. (S,976)«
iandfi.a ana Cos^tit in.^'VitifO 'gultm-as for istdtiea^
isutsti0TO 0t^y-* ,. iBi- M Vapatafeiveiy '

• gteiM -aad .fg^,
t'lyttat.ioiii*: lsa#inliii^rs» iMRVwehiiQ* pp* 33'»i4«

&3 GllOT6?i» K»V#» ^G©ria, a»0.8 and B«kH« <i9S0)»
Wlmtlet. @}i6- irr-a-
*6i,etSfd baniine alioat tis tissues in«fitgQ:«.
Fhiiipi^. IkOfic*. 63s_X40-l46^- _ . ^

D® esusmarig »oa^ar4ot A»-e* ©fi# i^agealJ-uafesii, P#.€.s •
Cl9S2|,<. Prodi^tlon. oS WiUtmtQ by -©f

e^tyre^ tissuss of c©c«miife and S^aiiaia and
tl»4r roass .^^pagati©!! hj tlmm ©uZtiur© fceclmiqu©*.
Ins • M^featious J,n ¥©^%atiirely- Prc^gat©^
Marits ii» asm-, ¥i0ftpa»\. i>p»

•••v •<:

^3 E# Ci969)» , EapMias# tm -Otjtlin©® o€ -p3r©nfji.^l
Crop Sre^aing in' ttis 'tropicSf,,. Ctan^m-de# f ,aiid
Ki^9 F» edsl gp» S3-'?S* l-li.js©» pap* 4« hm^mwSims&BchQol^
mqmlng&ni, •Jfeftl^rlaridso

0t Wiois* il»' CX®01)«. PiQ t'ltifcetien fe1iQC3>ric« WXt# CssQlpslg*
|Trai3ai«ted iisto siaglish siid r^pr-Anted- 1.909«, Oi5an
Court Publ« Ce.^ €,Mca^^«

-i3@ Vr4@s, v<irliaQgti# wid ¥iss©ir., f* Cit70l«
©olQcfcion £ar *ep^' t.yp$s in X-ray -^©ateS.

appis Qfid psar varieties* losi f>r^». Fruifc^Pta4t sisct,,'

"7StR*Ai--j, V^g^saiiiess pps, 147«®1.60*



vil

pGng,, •wmg-s^ ;l2.fi5)». „A.prelisfl,fisrir
report on.the ^nsitivity, of ,t©a. glanta to.-irrndi&m
tton^ •M»>ii-catidR of Atoraic' ittmtm in Acgictilt-iireM

Doar^nfeo-©# Js esd Kasp^. J#w»' "X«ray iftdiicad
mutations 4a SegonlaxHi^alis* Sutaivtica^ -^g

airerxb^gt 'l** Ci9S4)* loni&iBi radi.afei«s-s t^eliafsiaia' ©f
»tion aM:^SoBia^try» Acfca^ §8- •
3iS«39S*.

Slir©*ibarg* 1^* Ci9SS)* Factor© iBflneitciiig rsdiatlm
iriduee,4 .3.€?'tliaii>tf.» .sterility aM^ ©utafeion® .to barla^^.
Keregitas.# |$ 3.23,-1.46#

Blir^ntosirg# ciiistaf^spn^ a*» A, aM Von wattisteiis, V«
Ct949)» -Radio'^osphorms., letliality'an<3
•elir<3fiosai« 4isfeurb©ne©s#. HiggcicSitas* ||s 4S9-4S9^,

iiS^ar^utoert# !#»« austafssOB, .»«. esia o* <1961)..
'Viable mutants induced in barley % icmising radia®'
tiojs© .©nd ^temical rautagem#-^^:e|ita&, 47 a pa# 243»
282# ^

El»M.©h|'« a»a#-, MscWaiia® s^hp: and Sl-lsar^y,; M.S. Ci9?6K
Sffscjte of growth substmeas ©n jtIg© seesfllings
gfom £r®f» ®@efcis IrrsSiat^' t^dth gmis r©ys«, SniyirQii>

Espinot a.P.#C^., Eainora» aiK2 f^isiaQiel# l^*S» C1985>,
Mutation -breeding m sel^Mted pmllppirn fruit crops.
PmG* XAiiW' Mmma» pp*. 4$9m4$'3*

smnse tuj^. an^ scott^. s* 11964')# |n£lti@Rc@ ofi d&ia a:pifeti@si©
©n tlia •pr©diicti.0n of -chresBat>ca al^ratlofsss' fej^.X-^rays
easi f-lalaic' hydrasMs' to Vidia fafea#.- .^aatics, .49s-
i?".38». • ^

«.g^©,fl©,. Spmmwt A*H» Ci961)« Syio-iear, faetQire
affeefeirif rac3ios©iisiti^ltj, li®- DapendeRce of^ouelear
asca ©lirc«ii©S6®sa stmctti^e afsS erga!ii©.ati'OT»
Smp0sj.a b.|.oloci¥.» i|« •i0a«i2?«



vili

Svans, Ubjs£y» S„M* ClfSt)#-
' ys^ m eoltehifcailis as. m. of; mitstic..

irt^ l3ir'oa<ab9afi rrsa-'ist^#" 3^^ SSt

s'.mm.ttt BmA* iiMth mmtiG effects ©f sna. coibiiiea
tresttaefit of looising ra^Btiona and ethfl tpefc1i»©

en mmrn*, -1st Stit* Barlay mmmirnB
symu*.* Mstegmin^Atf: pp* 68«Si.». '

'Kf, :C|972)i, Bff©«t ©£ aose and int^nsltY. of
isr^^^atlon- ©n chati^u inducad Ir. barley#' ' Xm ••
iSmmrim mutmmtmz. g sei€istsAi.<» 63SRf

93«»1Q1«"

F42.1pssefetl* Ae. end Harsaro^' ©»P* !Cl9B4). ^'siysig of the-
.K| csf VMM- £^.a sft©r ^ae-J
tmrnmrnnt witii ganfsa i-af© ©feliyl«iii3tfiaf» sa-%}wate»

3gi3-^8 332, ' ^ - • •

♦Fortuno VmXmz '̂ 3'i'm4 u^l&mMo" 'f\* i%97%U flie iis©
of rasliati^^ Sn feamna CMu®a s&ptmtmi L*-)..
2Mucq.^' imt&timm m& giant. Smiareiyg^.sat.»; jm/thMh»
auesps i^iSeeTl^Oe. IIOSA.# .pp« 485«409.#

5^0esQ«<^rfekeii» S«B»# mmsM, c«F>, mian, R»A«, i^4n©r» R»B.
(1964 )• 'Vkm etliji R-atten© eni^ioaate ©a.,
tte growtli responss'^iT mtAts«*-
tim mtm ia bariey* ' Radiat<^ Sgt, pp# 6X«69»

a^nsshon*. P* •12.970). Indise©^'ffiutatioH. ©tuaieis with
Braeliiaria bgi^afi.felia Btmpi and fedica.rice
varieties- xmm G&flGn-* Eic© BggiQMug wifely' indu^^d
Mutatiaris .21^ imch^ nmp» Scsr. Ho.® Vienna#
^pr**^i$5T = .^ ~ ' • ••

Oatilfi- H* C196S) #- .Sel#Q%i«'• i« .1^^Mratl.®B mitOK muta^ni©
tx^afeirspt #£ iJarlef , ,Soiye.ti.oB. of Hiit.attens'
and thQ -.Mafcation gx-oeas.^, (Proc» graaue* 19631#

Gaui» H, C1967).* Stuaios palliations ©i ffiicm-«F4tsats
.in barley ans^ whSiSt %?±thout. •anfi • 'aoleesfclon#
Indiiosd frtefciatiais ytilisatiens? Ptxxi* Bmrni*
Sr^sM nmm^. Gstar^lessse
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Gustafssor,, Cl94?K in ©.^p'icyitm'al. pianfcs,
Har^aitae. ||8 1-»100#

iJael^arth, C1955)* I2s^rlm»fits ©a t\m induesticsi ©fi
!®itafci»is 4n tjAPiaas iiifciaus*, aiacMstfoliag^*.

% SSsF^E^ sfs^.fo^

Hi3rta% i©ii&©r« and-Seliut* ,B. ,.(19-73|*' leaf
of potsfe© iBotmm, h. -ira€iati-<;»i'«'4ifs^tiiead
^Giniimat ffluteticn fiadia.t» S&tm.*.
||s 2S7*2tg*

nasmnt Soiiter, H* ana aro^tjes# c% (198©)*
j^»»vAtg© a^mtitlous feusi teelm4cfiie» for vegetative
wopmj^tlon ei2^ niufeafcim of psfeat©,
iSf^mm. fc^tegoaiga Ii* sifoMlcas^ for saufeafeion

' iiuf3!wfea.ca» i.

*l-ialusr», R»S» e Koissalii,.'c»f*8. KiXarn, R.a* mmi •teagtilfe# R*li».
119^)# Divers# rafeiog- of miitsfeiais to
aterrafei®as .in bartey treated 'BSS saimK®ray®., m%* IgaS* sgi* iis/i,», lats^fsai*

lustra, G* BroerfejM® €.# (1968:), nntafeiai.
in huXismm iris# 345*'Si»

lMmg». S,.» Cteo# ¥.# C1986.1, ftitstion im-ees^liwg in rose*
ass£» Siaa- liga^« |i= i'*-

i-temg# h»Qm. anci Ji# .(JmY* 119-83) «• stMies on sa^efatioa
in M« ©i ei.feinis .©.iaensla €¥« siii^tieof* .S.5p<

gf Mortle OBeroy ig /^-oriciaituge-a. It

floang# S»#Ge, ©nd .l^5a©#. 119791 «• IiKSiietloa of miit-a%i.©es
in bsfiafi®«» Chin^ Ifeartieulti^A 197<»t0i.e

liumgp S«C*ii eiiQsi, €,Ij,|, Min# «f*0# .anS lUiis*. Umh* i%M4}m.
Ciiltimtlan o£ bgnana laelng plantiets firern ir#ri.st®a
culture... Scicance^ |i<2)i 23'S-2a3,

CiSiO)., Breed. »«• m* U95
x?^., m©f®a» m* • •



Ikeia., C1974fruit, ©sjor tiutatioo
iB thQ apfi©'^ari^.,.,Piij.l» test*' ^BSS* Ol^aiya:#
r£»:alci..,.' fiaitj# mi4Bm. Ifs '2# •

irMiisS# f '.^cswtli' substeanms
affeeting plmt Sgg»

'Si^. mt - • •• " " " ' ' ' •

^mmts RoSrAgtssg# «» @a^ Feam^isBaas#.CiSSSl* .
E^isisatim# ^0©ye iulfe«r«, pw^s,q^tl&n •^cl. Mmmi'-''
fiatioi's of ••s^iba*' md ®Peiipita-® ei^taifis Jis c:©©ta'
iiica.®. Seiaatia. Ifartie.a gCI.5's • " ••

J^inaoti# g*l** •CliSf):,. . m^Mtzmion ©f .fel® C^jtea^o-wilfi
pot^ifeo' ^ by swradistion*'
Hi S47*»BSi,.. • ^̂ '

M#iard,:t* IIS'SOJ:*. .0aKpsa irra?34ati©!i wid
ie«l\3e©4 sepsratioa ©f (^iSmstut in
Harfca Bcilenc©'* 15CSI•§ 60S-^0©»_

.ICaidKer. V*-S* Cifaai*: llutatloa bre^aing ia ro«s.« xmiirn
ease 11 .3S«42.# ;• • • • • •

lC©4©te,.-'V^s»- and Sweri^a V* ^|9?ah . 2M54C©a station© in
rosea. Ifadiaii- -a* fXai^t' are®^» ^i2l's. 2S^»»2SS»

•Kao D@4n~lin • lnaus5feioo of latifeatiefts to Mmm&*-
Hoftle* €MBa> p.CS,e)# i9t^2©5«

Kap©€Sris, Bafesrajan#' itmQ):* Resp^s© of mmm
varieties hmaploM #itat m^ a two- z'mmd barl^
variety ciis'Qfiie. gaait» ^radiafeliOfj# ^^aii -Sm
|gt; S3S«»34i«

Keal.* 0f3^ Kafe* S,.,M» 11973)of
iA&u^ •tnut&ti.&im,,- - Int
la 'iSyfete-saieMcs»

iTm^Tw^ IS9«1,9-S«

^mmXg- Bmh* m^- K^4» Ci975),» Os© r^diatiims
raf2icsaljgst4«^'^i®»ica3.© in -tlia fer^sclifig ©fi
tiveiy piaats.». 1*
S>i:aat; .ar©a4. Abs_tr». 4i s KO"*. • ^ -



RaeisaasM!, I.0» <1979)-, • Kufesgenls eSfiscts of gawfia rayS' • " •
' 'm- 0^m Sij^tgeEtieteMsia gt, 91^3* -

mAtrnt&iBSmt' Cisft)* laiiafeiou
©I citrus mm •. ^

3t - S5>*ggi.-- . ,. •

Miaiiifmi# BILi3#j,|| ?sr©ia» R»i*- fas^js# J^,©*
fi^S4)» • In siigaT'C^.^ffsetiS'©f -"

md'^imiQhX. •^ tifaifes* S5e* . \
sites'- CStoaofl.®#!

Khlti5,ji !!:*&». (1084)«„ Myttatiesis ^ gmxm

|s#3^»I,,. ^ MA» 'rn^m» ;^E|f^3»l|0*

*itia% ei44%^!iary» M.S. m*fe•Ct9il):» •'•
•gif^ti•oi teaoiation In. .yiamfc Broei*-

it ^|, (€»•-); 04S.» . , -invi,,Ti„.rar. -T:r„j„,,„no,'.ii«.

SSias^a* V#E#= and' ii,i, gf-feefes ©f eamBa
irra^Siattcus- ©si- %W: ©f .®to»sia©

p^o^j«»flis%ase' is •^ags ®e«ailiigs»
, ^ ^ ^ ^

Koias^i. C#F# i%M4}-*:' &m%,m M. ...tediig^d iSMfeaifeime |yi
teMiiftg •& g^afcj»i&ora^ toM# f»a» ¥000

s.*.©* m&t# •;•. pp^ 2li»292»

imm» .ma.minm» rt»i*
C|tSlJi8 ^afcir^I 3^s^G^s©

- -of .ireokhati^n'Biol.*#,. |L4.j

'mntsm ^^*.$ M%m$ R.».a,.» m^rntg m&. f©st«rt
.Ct965:?:«; -Sffiei^iil;. 'iteiti^f^sijsi

Kerati# a» liiSS)# -dftota^^^iiiggiictal-ra^.aiien



-4

fO
kS

ilS

h
i

&

N
6

3

g
M

ff
r

&

f
j

^
•

-c
a

s
1
s
:

S
*

9
-&

S

i'
S

^
^

w
m

fS
S3

!3
F

.r

3
^

W

i

m
m

n

&

m
sv

t-
S

jS

1 iQ
sa

.o
s



'Jli® mutation.^p«tK"ii8i af Ccec*s •
•• -mmm gaiisja: irra^i^fion* '

tf' •M'S:uii't B3c^0&iMm-s t^sgeningea#
•197€o, :pp^ :46«32. ' .'• •\.

ta^pAfis^ K«0»' (19?3)#' IniSuTO4 siutatioiis Ifi SruXt
-^Aucta. mt&ti,onm In ¥aaefcatiiiely' Pron&aatiM

' PP*

JjaplnS'jg, •K*©«t C3.9?S5',; a^d"iiufeafeiosis induced, ia
apricot toy eolchicii^ treatirenfc.*,. ' Can« J* mmt.„

•||C4)s S9|.»5^3* , . •

J^apAna.# S^ley, €.H*^a^,<S-^ugh*.C|:969),», I3££©efea
oi gaimm'xays-osi .ai^lQ-aftd-p^a^i 1&b£. feu^a at diff©-
re-nt stages of deveiops-^t, Sad4at. 9 s 379^09,

ri*ii«irMiiiiiPiii*i.,iji:ii( awtewes®

t.ata-» P. isnd Gupts^ luii^. mmct :Df •ioalsifiQ, radia«.
tion en ressss-melotie "Stuate® on soafei-ol .ggKma
ray Induced•mtant© oS rose. cultivar•itentesyssa#'
Cy_t^3..Qqia>. |0»

•ii^a Rani®. C^, (1985)^ 'Estimafeioii of ir^ay^d
•in-dhilUes.. :M,Sd,(Ag*) TkmBlB» Kerala AgricuXtwaa

• • • =-

hin» Ct»q„: .and s.s# (i$85)«' -ifiduG^^ lautatictss ii:i
•citrus shoot tip ctilture. .ln«.¥itro, field ^arie«.
tias Jotirnal^ 39(2) s

woutsg an4 .^aa^mbavanastin<asrasn« H» €i§73a)* • Mutation
hrmMm ^ Cot^taea* An ©valuation of solcjctios
feQth^is in ^i5©rstiois» - f-ladras h^irie^* SSs-

Loui®a f-i,' CltfSfe)* Mi' '•
iil-^u©©a Riwlfei.GgiS^llat'S condi-feioii i-ti ¥ictia' •sifiensis

•S^,i* Medrag' Aoric^ £o''|fs•i849> .

L'vovse and fcors^rovskafa# .AwA* <l9f4)» Mutefcieriail.
eli^gss in •Bsi'l-ay'caxisi^d -chariiasi tmtMmm m&
'gmmB. ray$« '^IcikliSm IssM* rast» "vakutllt*
OSSF;* pp.,- 26«3sr^ " "



Me» md .etiii, C1.972 )•«. f©£iua.ti4@«. #i
©iSvofititieiis buda ia tentm©. shoofe feilowipg-

£. CMna,. |JC3.)|

Hec&as^nr <s» CI^SD* H<®ufcrors and 5€-»raY ©sci^riiiients In
^;i 421«464...

Macls^y# .I-,* 11,954K H©ii-feTOi^ md 3C«ray OKi^ineiif in wli©afe
ana .retrision ©f tha ©peltdici -ps-ebiem, itereditas*

6S^.180, •

ri» Cl9?S>.* ciQiiparafelw mu%a^?iic eiSl^ierKS^ of
radiafei<ms 'mm ifi ,Ii®3:oj»rsi©®n* .Mlas J»
3Sii» g3.^fc mma* «

s»» c©irauaii». 'ipr^s^e^l.^ s, Varia«»
biS,3.ty^ in til© ^V0l, ©f ©Ifealoids Mcotiana

piants sftar
fgl.« .Sg» Sair» .Sgl* Qiol.^ ^s"fSf3740,

Manjij„ !>• ^«3 s#f» Cl9St)* Mutag©fji«s effeetivei^ss
.®na ©fficiantsy Qi gam® ..rajr^s- aisd ©is It3rs^^»»-

|Ci)i 48»SOo

Sssiffie* 2* ana M$waie: T» ittS©).. t*h© 0ff©ot ef tte©ai
• sj<3iit;i-Qfis and 3C«^'a^® oss €amsBt med& of
.^0c» -ttla tmt&m eonf» -Ja&a lgia>,
966-.l©a0.

.f-iaslov:# md Stepsnova, 0i£mt &£
MiSm-Bnt- oS ^asama rays ©13d
m. vim&to bBrt^' and paa^ mmtiim^' gM 27^34*

T*. md -ommimt, T» Cl©6ii« ifsaucad hj
ionXzimg re^iatiens aii€ di^^cmls in Bffect.
Bi .igiM|Bs.
j-Catrlari^C^P|irWS*l®7

*m&tmOp tmm ¥@i>ag\iclii# H# a«cS 'k* -Cl^fSB)*- h cca^ris^n
Q-f Mologicai effects end

seaa©-* £® Bg^§* gs

Hetsisp# T*a ¥• aM- Shioisia M» StusSles oa
fel^ Smrnotlm of mufeafcions by .ra^iatiOB- ana eli©®ie©ia
Ills Cfeaoii^s in ^aritltatim eliarafistera iw ^fiara-
t-ioo. Japaa J% Sgeea^. ^1 a?3«.a76#



>

aw.p.,, tmhBi, h,a^. imm, o#«. chmtaBi
• mutag«ms-« th&ir 0i£mt&-on.'milB in'^mpemian

cultm&4- ifamii SU€iair-'^lsnt» Mmss mp* • Btm '• mm*
1^*# ' '

cmi'&el*litsi). -Tiis--
rr^irphcjlcgy •att^-growtJi g-esSJOfisas of

s|5©cies of Mieotiana and tfeeir- ifit^rspaeliie lui^ferid
.after •cJironic-cia?®is,|.rraa,ia,ti©B® ^. J^acliat.. Qbt,« i? .
•69^?9» , ^ •

ffeiie»l©si» t:» C1973) # A^iieatiGp 0f laiitatlon m-afelioas to
hmma, bEe@^ng. ins. Kufeatiom i«

-SlSBa^^tjSd

mmn&oz0 T* Uxie^ f,h, Reeent sdva-nooa iss
pr©pa§ati®3 eni t3i©ir lapj^lic^tioa to-

br@edi.iig« 'In £^g» Fougtli Comi^-
imr,, pp. 2X1-522» '

m^i, a?i4 Taroaguehl. H, C196S)* tlie'^rariation of
quamtitsfeiw c1i^a€fe.@r© 'i.® ti¥s IgradlatM progenies
of feWD rice vgrletiaa'atia tteir'SwSirM^.. Eafllat.

• Boj., g, 1S7-196. — •

aieifema, s. (1973). iha usa o£ aiswentitloua touas to
pm'mm in muka%im ^reedinf of.'^tato*

^8 2d9«-218»- -

r4ia# t*S6 U973)e An iaqtilry iJito iMicateis ©£ eold
tdlcsraneo aiimg ,raM©fci0n -ifuMeed liaiis •of, ©t«@t

.^awQticsi.. Us 183.

i-siug Y«i c*¥. ani O^aftg*. c'̂ s,,. (isnU m inquiry
into -a@s©3emeRt of cofA tcjleran^© iii ^Ohspm o£
•teJad,iati<m ii^iSused iinss" of s»et pofcato# Taimm

S.».S<31)$ 28»40'* • _ ^ .—

•^-MoeSi, li« Ci©66>#- MutafeiooD induites ctias la
(Oiaaiol-usi, ' StillL, R©^i» Aeroa. jSemblomM. |g- 76^B*

Moll, C#C« C4962)» :^e csf raSi®tl©rs iiiid«G-94 ffimafelons.
in qrep laresdiirsg in t^tln ^^erica sniS lsiol©«.

effects, of racSlatAon ifj eoffe©* • • Int* ^otiro^

SSSli,* K.&aiatifen and I-sot0Bas« ||s 467«i4fS7
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pWS^s!'"' '•"" g...
%.0#. md. Kimor^: S«: mtation sfeuiles
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Patel# M*Ss. llufeatioK bre@dittg
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tMua shoofc l!©«Rati<iii« Potato S»#

R^sfc, Vap 'l^^l,,. o»s* ami
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•iS.36'i.|« ' 'm itm M as»
wri^lSir• ts-Mt®' ^ .teeiia*-

• ^ Iti'«'*€»•t. is^#. liiiFWiit
©lingf. ^ _ • • .

mm.m' rn^Mj^jmrnh: •mmsm. mn&^^'-
••M •'SAiAafefe ^fefr» Jl #15««4tt.|s-

0»«»# lajist^r# p*k« . .' 'i
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•Singh:* C#B« Cl-970)», aty«3i©© ©a s^abspseiflo
tion in aati.va« Ph^Si, Utesia, Oivieios of

Misu RQ^.# iteJ

Sifight %@S"» mmttdeal mufcagef^sls
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Baa^r# A*H» C1964)» ' Seine ,Qffesfei3' ©f .'.ga^e ixrediia^
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-ffee w:m f^xfc- ia tSs^

P@fsrfe«safc. 9f'^rienltas^l -Of i^^etiltoraf

fe1J.afEi:ii i:f85*»3S m^ plant

I^boratDFjr attaeJjea to th^ 'i^parfc-ieeiat, tops.

College M Slsrlssw iuit^isg

t9ti»*S8# 'Sm preaeet Mm- talsea ta stawdsi^isii tit©

t@s^»lqt2@3 ior imum^ iWSSB

ia basa«a Cliiaa oaraiieiaea irsr» a@^i^ :«i to-

^aii-alyse the ^Co g^sKaa mys dn
,®ai t>.iiiie^ <iiaract®rs Ir tli® -rt ¥a$^m1?i©B.s
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%4em W f»Of 2#f BUS SfO kR pisa^ WS-*

. 4^#34^©a tips imm

t0 0f59» 9«S| l'#§9:t t,«S0 &fl @««
^ Sire fir tf«afe«i(sl pt^' ifai

doa® in tht tsr irsfi^tss
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fti© t»af a .©igiiifAtaat

m sprotifclxig is a3.1' tliS' ige tm |a
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of gmmm eicp«isiaf©.s% If^spseiiv# of the slg©'
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