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IHTRODUCTION

Banana, the qusen of tropical Eruite is ono of the
most wiéély grown fruit crops of India, ﬁ@&@l&@ is the
most popular dual purposs conmercial variety of benana
ocoupying néar&y 30 per cent of the total ares under
banana cultdvation in Kersla, This variety E&AQ gaﬁmma}‘
~ 1s triploid, heteroeygous and seed sterile. Only induced
variability can é&aaﬁa a[bqga_pagal&tian for further crop
improvement in this perticulsr grop veriety (Broertjes
aﬁ@'ﬁaxt@ﬁ.‘ig?%)v Bue %0 the polyploid and heterosyoous
nature a wide veriability con bs awpeotod. o

The mainaévantage,mﬁlﬁuﬁatian_inﬁuati@ﬁ.in VA
tatively propagated arops iﬁ-gﬁa ability &o changs one or
3 fow mhafa@t&fg of an.athexwiéa'autsﬁanéihg cultdvar
without altering the remaiming'anm often uniqua part of
the conotyns. V%g@tat&v@iy‘@raya@ataé CEoDe ax@ & very
suitable group of plants for the application of mutation
breeding methods (Broertjes and Herten, 1978)s Mutations
are the only sdurce of vari@bilit? in sterile plankzs ov

Lant

in gbligate apomicts, & very effective method, i@@@v
in praaticsl a@@eetag with regar@Aﬁm the porformance of
mn&ati@n breeding in v@g&tativaly propagated species is
the so-called adventitious bud technique (Broortjes,

1969 2, by 1972 b)e These buds originate very often from
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a single maristematic cell,

Due ¢o mutobion induced in

this dell, a plant imving the same genptypic constitution

in all &tﬁ‘ @;t:f:gams a@ms@ﬂ which is thus not a c}wiﬂez'aw
This ig a great a@@mﬁa@,ﬂ. 1£ mutsted end nonemutated

¢alls are pye

et in a chimeric My plant, diploatic
selection oocurs, Very often, the mutant colls are not

%um? competitive with the ﬁm&mﬁm& Lo i O “ﬁaﬁa{;ﬁ %mm&mg

- results in e low freguency of mutents and & NeTrow muboe
ticm; :@@@@wﬁm This unfavourable situation is &%&ﬁ@ﬁ
in rﬁmy ornamentale Serived from a smm@ mutant cell.
Iin this way, %ﬁf}f high mutation freguencics os well 22 &
e thare
sre goed prospects to aveldd chimerism in clonally. propas

wide sgamﬁm veriebility are obtained, Morsove

gated plants by treasting tissue cultures {Bkirvin, 1978},

The ehoot tip multiplication method obvic Ly has

rddnerily available guickly
pacific ;mﬁwym fres gﬁwﬁ;wﬁg ﬁaﬁ@ri&lw

and for producing

in laxge zwmma Since they ére asepotic, shoot-tips
can also be used to meintain backeria zaméi ﬁ%ﬁﬁi“ﬁ& £rec
stock for germplsom anchanoe, ﬁ:mmféw m&& :%M@smm

" ﬁ@mm 1977},

A8 part of modern hi@t@ﬁ%&i@ﬁy dn=vitro culture
of gim&s alse underwent a rapid development, not only

-
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for repid and virusefree multiplication but slso for use

in mutation breeding to pravent or regtrict chimera Formam
hi@ﬁ:(ﬁ@@@rﬁj@a gt ale, 1976}, ﬁmp&zﬁ@naa.imvayylygng
radistion or chemical mutagens to in-vitro cultured plant
-mgt&riai is limited and only fow reports are avallable
ebout successful selection of mutations after ip-vitro
application of mutagens (Malepazy gt ales 1977)s A major
advantage is expected for subation breeding by.aain@
“haploids, usually derived from anther culture (Sharp ot gl..
1084},

%hécmlanaz variation exists in'majarity s£ vagatae
tivoly propsgated plants including banana. It varies
depending on varicties. Nendran 3is a banane variety
having the lowsst fraquency of seed set while crossing .
and 1s wiéhﬁut much ¢lonal veriastion. The lack of clonal
variability and the iimitati@n of getting ﬁuxthaﬁ Crop
inprovament in ﬁamﬁran hy'h@%riﬁimaﬁﬁéa tampted us to
adopt induced mutagenesis in this particular variety to

araate a base ﬁ@pﬁlﬁtiﬂﬂ for further saleetaan and dsolam

7

tdon of ﬁ@&irahl@ %y@ms.

The present investigation was carried out with
. the following objectivess
1. To standardise the technigue of treatment for induced

nutagenseis in banana suckers
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9.

To create as much verisbility as possible by using

gaitma, rays
To isolate out the vidble mutents including dwars
typas if any |

To ereate a bese population with as much varisbility
in all the productive traits o apply the selection
process

To analyse the extent of treated variabilicy

To isolato out hagh vioelders with dwarf stature and
aarly maturity

To standardise t@chn;qnes for inuvxare p@epa@at&aa of

banana adopting @h@@a t p culture t@ehniauau

o staﬁaarﬁise tﬂﬁhﬁ&qﬁ& of gamma ray éxposure adopting

do~vitro m@ﬁh@@s and also

To standsrdise the guevitro technigues in banena for

successful induced mutagenesis

T
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REVIEW OF LITERATURE

- Mutations are the ultimate saﬁrce of varisbilicy
in organicms, variability‘aauaaé;by iﬁﬂuﬂéﬁ»m&tatians iz
not @@ﬁ@ﬂt&a&iy'ﬁiﬁﬁaﬁant from veriabllity ceaused by
spontansous mutations during evolution (Internaticnal
ﬁh@mia‘En%rgy Ag@ney, 1970): Induced muﬁaﬁion enablas
crop improvement through emhanced genetic varfsbility
{onzalk, iﬁ?é@a The enhanced genetic verisbility through
induced mutation can serve ss the basis for widening the

degirable attributes of crop plants.

The term mutation was derdved from the letin word
foutare® to denote change. The history of induced mutation
sﬁa&tﬁ from Do Vries who reported this phenomencn in 1901.
Th@'ﬁseﬁ@f Herays for induced mutation wag first weporied
by Muller (1927) in Dyosophiles This was-ﬁallawa@ by the

report of Stadler (1928) in barley and maize.

PﬁySiaal agents like gemmea raye (Sparrow and
Singleton, 1983), ultra wviolet ravs (Altenmburg, 1934;
Stadler, 1941; Stadler and Roman, 1943), fast neutrons
(Mackey, 1954; Ehrenberg, 1954), beta rays (Ehrenbers Gt 2l.s
1949) and theimal neutrons (Caldecott gy al.; 1954) are
used cxtensively to increase veriability and evhance the

soope of sclection protedures,



A number of chemical agénts also produce mutations
in plents vhen applied singly or combined with other
chemicals and in succession or simultanecusly with radige
tion (Bhwenberg gt als, 1961 and Konzak of alss 1965),
auerbach and Robson (1944) brought to light the effect
of mustard gas on Drosophilas Methyl methane sulphonste
(MMS) (Heiner @t al., 1960 and D*Amato gt al., 1962),
Ethyl methane sulphonate (EMS) (Froese-Cortzen gt al.,
1964} and ethylens imine (BI) (wagner gt gl., 1968) are
found to be highly mutagenic. Buk majurity of the variew
. ties developed by mutation was by irradistion with physical
mutagens (Sigurbjornsson and Micke, 1969},

A. Inducad mutetions in vegatatively propagoated plante
a) General

Vegetatively propagated plants are a very suitable
group of plants for the applicetion of mutation breeding,
dus to their higher degres of heterozsygosity and fraguent
polyplodid natures Both these factors are serious hendicops
in conventional braeding.  Mutaticns are the anly source of
vardability in sterile/polyplodid plants as in bsnana or
in obligate apomicts. The main a&vaﬁtage of mutation

induetion in vegotatively propagated crops is the ability

o changs e or ¢ fow characters of an otherwvise outstands

ing eultivar without altering the remaining and often



unigque ?&ﬁt mﬁ &h@ g@n@ﬁy@@ aad thé dirsect propagation of
the variants t@ f@ﬁ tha guaee@min@ g@aaxagi@ﬁﬁa The main

ﬁ@i 3@@&@&3 in muta&ien bx@aéing aﬁ Vqutativalv mranamatgd”,

planﬁs are chi wza ﬁ@rﬁaﬁiﬁn &ﬂé é&@&@ﬂ%&@ selection, both
ﬁ@lﬁg ﬁﬁmmli@aﬁ&@ns caus@d by mulﬁi&@llalaz nature of the
. buémamﬁx &L@ to ﬁﬁ@ ﬁact that mutation is an one=cell

event (Ez@@xtj@a aaﬁ ﬁﬁrﬁam, 1978},

Trradiation of hulﬁgﬁ tubars, rhiée@agﬂ @u%ﬁiﬁ%ﬂrl

aftg, other plant péxiiéﬁ whiole plants, @il having buds
with multicellulear apices composed of a number of faivly
autonomous cell layers, &&tmmaﬁieélly leads o the formas
tion of c¢himeras. This is the main obstacle in mutation
bf@@@ingg @gyaﬁiaily in speecies, in vhich there is no
@ﬂﬁ@gaauh&@ally voung stage of buds to be irradlated
(Broert jos and Hawten, 1978).

Seme vegstatively propagated erops, espacially
certain arn~ﬁ&ntaiw; ﬁt@?@ﬁ o ba we?i suited for iths
application é¢ m@tag@n@sis in order ko improve their broeds
ing valuaﬁf &ﬁ this @%S@ simﬂa we are going ﬁqx wagily
detectable characters like £lovsr colour, size, atCosp
dagirabla mutants can %@ aaaily identified, even in the
ist generation of ixra&iatiﬁn works (Cottschall and wolff,
1883).



 Most mutation breeders prefer ionising radiations
for mutating vegetstive parts. Physical mutagens like
X=Eays, gama rays ate, are ﬁidely used to induce mutas= |
tions in all kinde of plant parts. Smail materials are
more conveniently Xerayed. For vegetative parts that are
bulky a Cobalt 60 §§OCQ) or Caesgiume137 £137ﬂ$ﬁvs@urc@ of
50200 cuwic may be 2 more convanient onees Ultra vielet
rays are not ¢ensrally preferred for irradiating vegeta-
tive perts due to their pooy penetration capacity (IAEA,
970). | o

For inducing mﬁtationsvin veg@tativeiy propagated
‘plants, chemical mgtagené are not uauélly considered,
mainly because tha.number of cases in which they have been
applied succassfully has baen smali {Broert jes and Harten,
1978). The leck of success is probably a consequence of
poor uptake and penetration of the chemical compound
(Bowen, 19653 Moes, 1966), Moreover, bulky material like
bulbs, scions for grafting and plants ere éi%ﬁiault to be
sreated with chemicals in a reproducible wey, Successful
applicati@n"af chemical mutagens to pineapple was reported
by Singh and Iyer (1974), Xaul end Kak (1973, 1975) to’

peppermint and Mee et al. (1969) to sugarcane,

Poxr indugihg the mutation, the mutacenic agents

can affect Qifferent plant orgens such as freshly cut



leaves Strepteocarpus and ichimenes leaf stalks of African
violet, mmm of :;'ese.;am and pehlia, young rhizémes of
Algtrosmeris and Cz don, muibs of Iris Ixis, &mrmant buds of

' fruit ﬁx aﬂ; roses and grepess cuﬁtiﬂ;s-cf cherries end
dormant stolons of peppermlﬁt and B@rmu&a grass (cottschalk

.'Qnﬂ '&iﬁla.s.g' 1‘353) »

4 very effective method, impe;tan; in practicel
aspects, with regerd to the performance of muﬁaﬁiaﬁ bread-
ing in vegetatively propagated species, is the so-called
1aﬂwntitieug bud technaque (Broert jes, 1972 b). Many plant

species can be vtuﬁﬁlated to form adventitious buds
"ismleﬁeé leaves (Broertjes gt ales 1968)., These buds
'grigiﬁate‘very often from a single meristematic celi. If
mutational events have been induced in this a&EE; a plant
,havzng Lha same ﬁanatypic constitution in 21l its organs
arises wﬁlch is not a chlmsra& This is a great advantagag
LI& muuatgﬁkan@ ngﬁimutaﬁ@a cells are @r@@eﬁt in eﬁ&m@rie
1M1 p;;nt@ diplontic gel@ctiaﬁ occurss Very often, the
mutant cells sre ﬁst fully competitive with the non=mtated
ones. This beheviour results in a low frequency of mutants
and & narrow mutation spectrum. This unfavourable situae-
tion is avoided in many ornamentals derived from a single
‘mutant ¢ell., In this ﬁay. ?@ry hich mutation freguencies

as well as wide genstic verisbility are obtained. IFxamples
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for such a situation are Streptocarpus, hfricen viclet
achimenes, Kelenchos (Broertjes, 1969 a2, b, 1972 ag
Broertjes and Leffring, 1972). and Beggonde (Doorenbos and

Karper, 1978) anong others.

The  improved charéet@rs aﬁvﬁhe-v@getatively PEOPass
gated plants, controlled by the mutant genzs, cover a
range QE trait3¢ %ﬁlincréasa in g@n@ﬁic:variabiliﬁy wao
obtaih@ﬂ:with ragarﬁ to flowar colour and shape in many
oraamentéls,,earl&negs and lateness in almost all the cerons
axposed, shortening of internodss length in fruit trees
and ornanantale, a&ﬁerati@ng of the plant type in orna-
mentals, im@r@v&méﬁt.mﬂ the resistance bohaviour and
Gesireble bicchemical alterations in scme fruit trees,
tea plants and iﬂ~mﬁhér_cr@?s {cottschall and wolfE, -1983).
D&stinct‘génaé w@r@:féuna to be influencing fruit shape
and fruit colour (&apinas. 19733 1keda, 1974) and reduced

aount of ruséating iﬁ Eﬁuit skin (Lapins; 1973) in apple,

The number of mutents selected in a few vegetatively

propagated crops aret 1650 mutants in Streptocarpus

(Broertjes, 1969 b); more than 300 mutants in Ribes pdorom
{Pauer, 1974), about 160. flower mutants in bulbous Iris
(Hekatra and Broertjes, 1968) and more then 300 mutants

in Bermuda grass (Cyncdon sp. Powsll, 1976),



Heray troatments of paﬁatw£ were porformed by
Johnsen (1937) and Spracue and Lenz (1929), High encrgy
protons were used by Tarasenko (1977). in potato and
' protons were found to be as effective ag neutrons. Hookel
No. 45 and Meriline 2 are the two induced mutants reported
in potato, In p@ﬁét@, high_ﬁmgx@ﬁ of chimerism is reported
in BMS trestment, vhich however was considerably lower

. after Yeirradiation (Miesdema, 1973),

HMoh (1963) irradiated cassava nodes upto 4 kR of

gemma rays and found that the LD 50 value was 3 kR.

Rukimurs and Takemata (1975) zeported that mutants
with increased as well as reduced sugar contants were
obtained ih sweet potato after troatment of shoots, dorment

0co gamma Yayo.  5wm&tfp0ﬁa&m

root tubers and seeds with
variceties, Tamayutaka and Ckinawa=-100 were traated with
gemma rayss Irradiation was more effective for improving
tuber yield, The frequencies of clonss which significantly
axceaded the parents were ig? ® lﬁaaé 2:2 % 1@“3 and

11 = 36“3 for tuber vield, dry matter content and total
sugar content respectively {(Hukimura, 1981)« Hukimura

and Kovyema (1982) studied mutatibn breeding in swaet potato
(Ipomoss batatas L.Lam), & total of 37 @iﬁf@gent Genos
types were subjected to gamma rays. Anélysis on the effect
of irradiation on guantitative characters, such as

LY
1



dry matter content, and total sugar egntant in tubers,
was al@oydcne in hybrié,popmlaﬁianay vvt was f@uﬁd ﬁhat
utant Gl@ﬁﬁﬁ wers superior %o c@ntral in éry mﬁttax COYisen

tent and total sugar cen%eﬁt.

In Alstrosmaria, ﬁi plants without chimerism were
obtained after Xeray treatmeni of young rhizomes, althoudh
the buds have probably multicellular apices (Broertjes and
Verboom, 1974}« It should be mentioned that the mutation

lfr@qu@ncy. cbtained after Xeray and neutron irradiétimn of
Achim@naé was.fauﬂé o ba 20-40 times hidher in autctetraw
ploid material as compared to the diploid indtiel mét&rials

an added advantage of mutagenesie in ornamentals
is that sven mutations §rem ﬁhe dominant to revessive state

of a gene becone already discernible dn M gen@rati@n.

i
Recant finﬁings of %his‘kiné‘hav@ h@@ﬁ @bﬁ&iﬂ@ﬁ in Carnae
tion (Badr and Eﬁman, 1977)s This is due to the fact that
many orhamentals are highly heterozygous., After applica=
tion of mutaéensﬁ the h@m&éygﬁua r@cegﬁiVE<¢anﬁitiuﬁ is .
realized in some of these gene pairs. The genes involved
influence leaf aiz%, interﬁ@ﬂe length, spraading rate and
herbicide and nemstode resistance amaﬁg ethﬁés {Burton,
1974, 1976; Powell gt al., 1974; Powsll, 1976). In Behis

grase (Pagpalum natatum}'and.ﬁantucky blue grass
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(?ma‘grat@nsia)g mutants with inareas@d seed st and wiﬁh
improved disease reactiwn were selected {(Powall, 19?§)a
in ggachzaxia brisantha after gamme lrrediation @ﬁ &@eﬁs
and gnﬁting@, a progpective m&aaﬁt was iamlat@d ¢h@w&ﬁ@
Ort wmternméesg profuse tillering, crect growth habit,

reduced pubsscence, and rapid *egrmwth {(Ganashan, 1970).

}Th@ sensitivity of tea to gamme ixr&ﬁiatamm varieﬁ
with the eultivar and the organs he;ng irrad&atedp ’dh@n
seeds weéa irxa@iage@? the time for @max@em@a'wéa delayed,
aﬁﬁ the rate of emergencs decreased at irrédiati&m’éaa@s
above the optimum (5 Xilo Roentgen (kR), and the lethal
dose wag 7 KR. Ex@ept ih the cultivar Fudingdabal, the
survival rate of cuttings and their growth rate decreased
at doses above optimum {Qsﬁ = 1 KR} and the lethal dose

was 2 KR, (Domg gt al.; 1985).

Results of the mutétiﬁn study conducted at the ~
Carﬂammn Resoarch @L&ﬁl@ﬂg Fambamumﬁafa ﬁh@um@ thuﬁ |
Q&rﬁamﬁﬁaﬁéﬁﬁa Arra&iatea at 20 kR and ahavv Eailed Lo
germinate and th@x@ vas a decrease in germinastion at doses.
©of 10 kR and sbove, The LD 30 was §o§n§ to be h@twuam
8-10 kH. At doses uyﬁo 4 kR (0.5, 1&@0 240 and 4,0 m&)a
the vaviety Mysore ah@u@& ma&mﬁum m@fm«ﬁgtiﬂﬂg while
variety HNalaber showed ﬁhe least., In Vaghukka variety

the ¢ermination was intermedlate (Banay Josaph, 19687}



Qhairwal et al, (1984) treated sugarcane, {cultivar
0@»114@) with wamma rays at 2. 4 and 6 kR and surviving

clones ware zncculatmﬁ uith C@l atatr;dh&m Ealcatum and

scorads “nfe@ted elcnes, uninfect ud,alanas and clones
that ware still healthy at wmagurity showed an increase
over the control ﬁmr m@st guality chaerascters and B early

maturing and high sugar mutants were 1salateda

Krighna gt al. (1984) iémlateﬁ two mutants in the'
M, ﬁ@l&muing gamma irradiation of seeds in Rhodes grass.
The n@nuarrowzng-mutan“ had broad leaves and short stems;
tillered haavily and bore no inflorescence. It had a
17 per cent higher green fa@ég@ vield than the control and
almest double ﬁh@ eont@nts)wf crude protein, nitrogen and

Galeiumn.

Kelcker end Swarup (1972) induced colour mutations
in the rose cultivars, ChrisﬁianAmiorg {ueen Elizabath and
kiss of F&e, by txeating‘d@rmant buds,with GEME TaySe
Thé egoncnic dogse rangsd féwm =10 kR and hicher dﬂﬁ@@
were lethal. Gamma ray inﬁu@éﬁ mutants of rose cultivar,
Montezuma was studied by Lata: and Gupta (1975). They
found pink and reé@ié& arangé flowered mutants. XaicKar
{1982) found %ﬁrip@ﬁ'@r multicoloured petals on gamna
irradiation. Datta and Gupta (1983) irradiated budwood

of 15 cultivars of rose with 3 to 5 kR of gamma raye and



found that most suitadble ﬂoae for induction of mutation
wag 3 kRe 8Sixn of the gamma.gay»iﬂéu@eﬁ'mutants of rose
have been multiplied and assessed for release as new Cuitie
vars, Datta (196%) irradisted budw&wé,aﬁ nine cultivers
of rose with gamma rays at 3, 4 and 5 kn an@_tﬁﬁ budmtwaﬁa
budded on Rose indica ver. ordoreta. Reduction in sproute
ing and survivel was cbserved and it increased with the
dose, with the cultiver orange sengation boinyg the most
sensitive and "Kiss of fire® the most resistant. ;ﬁeéﬁatiem
in helcht was also noted, with “Kiss of Pire® being the
legst end ‘zambra® the mest affected, Comua radiation at

3 kR was applied by Huang and Chen (1986) to the green
shoots of soveral rose cultivars iﬂoluﬁing‘ﬁr&maen Glory,
Superstar, Cordesa, de Sastago, Peare, Pink peare and

s0uth seas. In the vﬁln vﬂz anﬁkvﬁ3 generations mutants
were selected E@r leaf and flower choracteristics. Betwsen
3=8 kR treatments, 15 per cent of the plants have mukant
branches and produced chimeric flowers. Four new cultivaers

ware e@stablished from stable mutant clones,

Seeds of the citrus clones lemons Mayer, New Goorgian
and the orenge Mestnyl (Local)s buds of the mandarins
Unshiuv and Kawanowase, the iem@ﬁ Meyer dand the Orange
Hashdngton Waval, énd plants of Hawanowaze, Moyer and

Washington Navel were gamme irrasdiated by Kerkadze (1979)
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_withﬂvarieua doses. The materlal obtained included polye
é&giéa. aneuplci@si albinos gna“vaxiegateéiﬁagmﬁgl_sﬂm@;'
' ﬁutants wexelqbﬁaineé with altered gréwthtxa;eglleaf,mara
@hol@gy fruit shepe and size and mutants with an increased
rhotosynthetic activity, Kerkadge and Kutateladze (1979)
?eported that iﬁ éitrus,‘mutatian freguency in th§ seaond
genexaﬁiem did not exceed 1 te‘E per cent. Dwarf mutarts
with‘early‘xip@ning and good fruit quality were cbtained.
Three useful mutants were obtained; 1461, obtained from
the mandarin Kepenowass with a 5 kR garma ray dose, 1438,
obtained from Kawvanowase with 3 kR gamma ray dose and
2128 obtained from the lemon Mever with 8 kR gamma ray
dose, Huang and Ji (1983) studied segregaﬁimn in the i,
of Cit&ua sinensis cultivar Jincheng. Segregation for
ieaf shape, leaf size, é?iﬂ@ and interncde length was -
cbgerved in & M, scions ogtfgf‘lé clonal lines selected
from scions of Jiﬂch@ﬂg ifraﬁiated with 3, 4, 5 kR gzwma
rays at a rete of 1 kR/h. Roy gt al. (1985) exposed bude
wséﬁ.of lemon cultivar Burcka o gamma rays at 2, 4 and.
6 kR Buds from v, plants were budded on to sour oranga
rootstocks along tﬁe non=irradiated bu@sg ‘From 600 vﬁé
plants, several bore seedless or nearly scedless fruits.
One selection exposad o 6 kR, Wwas consisteritly seéﬁlass'
over 4 consecutive scasons. Plents (vit,) from this tree

also bore seadless frult even in mixed plantations.
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Akhund-Zade £1979) studied the effect of xaﬁiétimﬁ
on subtropical fruit crops. When pcmégxanatag<*ig¢'ﬁéijééa
almond and piétachic seeds were gamma'irraaiaéad; hhé'
widaest range of useful mutations were abtaﬂnad with 5=7 kR
doses. Dwarf mutents were the most COMRON. Th@ duarf
pomaoranate Knyrda, reaching only 80 cm &n.hmight, ﬁarmﬁ J
small leaves and’ xruits ané fla:nrs praiuselg upto 577
£lowars/bush, fig Bol (Amunﬁant) and thu pmwegran&te

- kerabakh were produced by radiati&nminﬂuaaﬁ mutagunaaxs.

Scions from three. vaxietacs of mango {Mangifera
indica L) were exposed o gamma ravs, ethyl methane sulpho-
nate and Nenitrogo-t=methyl urea {(MMU) and grafted intoe
one vear old seedlings, The LD 50 for gammasirradiation
of Neélum and Dashehari and Mallika ware 3.9, 2.9 and 2.4 kR
respecilvely, A Eéw,g&ants.appeared promising for dwarfe
ness and in émm@ fruit guality was improved (Sharma gt al.,
1983).

Paprstein and Blazek (1985) induc@é‘mutat;mna,ia
apples. Following gamma ray treatment (17-34 Gy) of mature
buds of eﬁltiverg Mo Intosh, 19 sclections with campact_
growth were grafted on o Mg'stack. All seélections proe
duced fruiis of mors intense colour and four showad lmnger

frult storability than the parent.




b} Banana

The use of induced mutations iﬁ.h&ﬂéﬁskﬁrﬁﬁéiﬁgv
has been suggested in several cocasions {Champion, 1963g
De Lenghe, 1969). Initial studies were pewformed by meny
workers including Stotsky gg gles 1964; Moh and Alan, 1965
sndl Apzem ond Linden, 1965, Stotaky gt al, £1964) mg@ﬁ:@éﬁ
ths effects Of gﬁwmaﬁﬁzraéiatignaén,gﬁaés of the wild

diploid benana, Yuse gapientum, Moh end Alan (1965)

briefly outlined the behaviour of banana @1&m§5‘iﬁ 2 genma
£iald and studied the rodiosensitivity. Azzam and Linden
{1965} @@&%@gﬁ@ﬁ éW%@ yw&l%miﬁargviﬂ#@ﬁ%&@@t@mﬂﬁ with

gultiver Gross Michel. The work was continued by Fortuno

andt Maldonade {1972} o iﬁ@%@%@ a resistent clons of

abtractive Gross Michel. ‘They irradisted suckers with

2.5 20 40 KR gamma vaysy There was no survival sfter doges
hicher than 5 XRy Two mutants, one with drastic iﬁaﬁ
sberrations and @hésﬁtﬁﬁﬁ with more intense pignentation
and various @mal&@g’ﬁﬁ@gh@%@@ﬁ@ﬁ& @h@ﬂﬁ%@ were gelected

in v, for further teating.

Penton and Menendez (1972} and Menendez (1973) epplied

s €0 seeds of @ diplold bresding line of [uss geuminats

in an attenpt %@~ﬁbtaiﬁ,glaﬁtg with decroased plant hoelight.
They expresued £ha opinion that indudtion of resistange o

several disesses uging mutation mothods appears o be guite
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feapgible in banana., They also suggested the use of advene
titious buds cbtained from callus as starting material,
- This approach has alsc been suggested by lstter workers

(P2 cuzman, 1975; De Cuzman gt al.. 1976).

Nendran suckers treatdd with gamma rays from 1 £o
B kR at 1 kﬁ,interﬁala‘ﬁhmw&é;ﬁhat‘Laﬁésﬁywas at 3.3 kﬁl
and the production of suckers and survival decreased with
the increasing doses of radiation (Copimony and Kannan,
1978},

Be Shoot tip culture of Banana

rd

Barker (19592) hag shown that assptic culture methods
and use of growth regulators on excised shoot %iya'af_i'
dessert benanas are gapeble of vielding entire plents. Ma
and shii (1972) rege;éeé,th% in-vitro formation of advene
titious buds in benana shoot apex followling ﬁ@capitation‘
using semisolid and liquid media. Berg and Bustamante
(1974) obtained only a single plant per exeised shoot apex
while attempting the micropropagation of banana, The
applicability of the excised shoot tip culture technigue
to a number of banana clones was assessed by De Suzman £t 2l.

(1976).

Apical meristems; aseptically removed from uhiacm@s

cut with 7«12 vertical incisiions and pleced on modified



purashige and Skoog (1962) (48) medium developed a cluster

of shoots after one month. Individual shoots were transe
ferred to fresh medium. Eﬁlaﬁtl@ta hed well developed
ghoot and root z’sys’amm‘s after two months (Vessey and Ré.wssag
1961) |

Bower and Praser -(3;9&32) have reported that growing
points of mnﬁm t&mam variety when cultured m Ms
medium supplemented with mza@@;m {¥n) 5 ppm, Benzyladenine
- {BA) 2 ppm and 2 ppm Maphthalene acetic aedd im}n 92 per
’ eam of bhw plants showed shoot growth and incipient rmkw o
ing after four weeks and most of these could be wam@iam@ﬁ

into polythene covered pots after six weeks.

Swamy et ale (1983) reported clonal propagation of '

Huse gouminata L. Robusta from exeised ghoot tips cultured
on MS medium. ;Missmi ghoot tips with the youngest leaves
produced only ‘one @&'&ﬂ%ma and shoot &ﬁ:@é with several
older sheathing l@aﬁ bases enclosing the exillsry buds
regenersted mul*;.w&e. plantlets. The plantlets obtained
from both types @f‘ ayplams ‘have been successfully transe

planted to s0il m@ CroOwn w matuziw*

Rapidly multiplying cultures of dessert banana
clones (‘muilippina Lecatan® and *Crande Naine'} and

plantain clones ('Saba’ end *Pelipita*) were established
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from isolated shoot tips on modified M5 medium supplemented

with 5.0 mg/1 Ba. (Cronauer and Xrikorian, 1983).

~ Hwang gg;ggv.élgéai obtained plantlets from the
ﬂeeap;gated ghoot apex and adventitious bud explants of a
banena sucker established well under fielé'cemﬁitiana and
gave rise to mature plants with uniform growth and normal
yiald of fruit. -

i
Krikorian end Cronaver (1984 ) could induce multiple

shoots by releasing dormant buds at -he leaf bases. Sube
culturing could be carried out from the proliferating mass
of shoots. Protocorm like bodies were formed at the newly

formed ghoot bases vhich inturn produced muitiple shoots.

Vuylsteke and Langhe (1984) reported high prolife»
ratxv& growth of adv@ntatiaua buds, by culturing pre=
existing meristems on & medium with high eytokinin concen-
tration. Reganerated plantlétayara»xaaéy fotiaoil transs
plantation within 3 to 4 months. Variletal differences in
the proliferation rates @oglénh@ grouped according to
genome type, the AAB, ABB genomes showing the highest
multiplication potentisl, |

Bakry gt al. (1985) cultured sxplants frmn Infloree

scenece apices of cavendish and wild species of banana on
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a medium with MS salts and vitamins wiﬁh or witheut grawth_
regulat cra. with tha pl antuin subgraup, 10-15 plmnts/
explant were mbtaanaﬁ ccmpaxeﬁ with SG pl&nts or nmre uith

the AAA subgroup ané Musavgcuminatgn

Terminal floral apices of gggglécuminata-éultivar4.
duwarf cavendish were isolatéé and cultured on maéifiéd ﬁs
medium supplemented with Né-Benzylaminopurifne (Bap) (5 mg/1)
and 10 per cent coconut water. The rooted plantlets were |
obtained by tresting plants with the awvin, Naa (1 mg/l)
and activated charcoal (0.025%) (Cronauer and Krikorian,
1985). ‘

Ine-yitre culture of Ssba banana (Musa balbisiana
cultivar Saba (BBB))was done by Damaseo and Barba {(1985),
Corm secticns and shoots obtained from plantlets derived
from the cultured explants formed multiple shoots on MS
madiumlsapr@mentaﬁ with 10 mg/L Ba. Subcultuwre of shoot
tips o ér@sh m@éiﬁmAmfvtha same composition increassed the
number cfvshoats.praduceé with each culture cycle. Sheots
cultured for one m@mﬁhvin Mg m@d;um without growth rogue
lators initiéted roots and were readily transplanted teo
soil, By}suhculturing every two months, 200,600 plang;e&s

could be derived from one explant in ten months.
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" Jarpet et as.ﬁ {1 Sﬁgs‘} miﬁi@%@d shoot &&5} ﬁ:uimx% of
‘tw«zs @mﬁ@& of banana (Saba eané% m&ipiﬁa genoms 228) on &
. medd &ma us mﬁim supplemented mﬁh 3 mg/l 8A and 1 mag/l
Indole acetie scid (IAR)s Propagation cultures were
initiated by spliting shoot tips along their longitudinal
axis and reculturing the individual pieces on 1S medium
supplied with 5 mg/l B.Ae

sun (1985) observed that ninety three out of 103
cloness; including one accession each of Muss acuminats
‘énd Musa tekilis @e@i@p&ﬁ' aﬁv@n&iﬁm@h&% in meristom

eulture on MS medium supplemented with 5 ppm BA and 2 gagm

IAke mmtlam wera regenerated after .ammﬁ‘%;r:_ ke a meddum

containing 0.1 par c¢ent activated charcoals o

Agamai mz?;%.mm t:ulwmg, which ‘kzas awlﬁaaﬁim& :%.za
gﬁmpﬁ;aﬁm pm%wmi@a Was &w&i@ﬁ; in mm mﬁa aeuninats
'm&i‘cuxw and 3 M g F umiﬁam ® i‘ﬁueaéa bulbﬁgimg mlﬁzwmm

' Suﬁmx‘ﬁ m:ﬁz @imm@ﬁ in %Q&l and grown at 3B8-40°C for M

days before culture of the apical meristems on wm:ﬁifi@ﬁ M3 -
ﬁ@c’i&mm . Zach weristem produced upto 13 rooted plants within
mww x@@k&x anﬁ th@@@ ylam&%s ware fm& of mosaic ﬁisfaasa@
ff.’:?tapﬁay w@aa ﬁ | " ‘ " |

Wovak ot al. (1986 ) egtablished shoot-tip cultures

from 9 Muss clones on M8 meafiimna ~ Shoot pral&;ff@mti@m in
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clones, Saba ﬁﬁﬁ ?@lipita.aaa compared batuwsen zolid and -
Aiguid media. Rapidly proliferating cultnra& wOre estaw
blighed on MS medium cént&iﬁimg‘ﬁﬂ‘flﬁ-%&;' The benana
and plantaln. clonss differed in mickopropagation sbility.
?%@ nost suitdble ones m%mxﬁggﬁgg«aguminata clones = dipleid

(3n)s triploid (aaA) and tstraplold (ARAA).

wohg (1986) found that in shootetip explants with
apical @ﬁﬁ@g«&‘%@tal of 22 cultivars (gencmes Ak, AAA
BAMA, BAB, AB and ABB) were successfully cultured on. modi-
fied M5 medium containing Ba and in@@i% butyric acld (IBa).

»lants were induced to produce multiple shoot

Shoot-tip &
initials in the presence or absence of apical domes. But
the survivel rates were hicher wh@ﬁ'ﬁ@ieal\ﬁémag were
retained, Rooted pl@ﬁ%l%t&‘wérﬁ‘auﬂﬁ@@ﬁﬁaliy'Q&ﬁé@l&gﬁeﬁ
in soll, o |

Cs ihéunaé‘muﬁag&magiﬁ‘&é@@t&ﬁggéﬁﬁwig$®>t@@hﬂi@%@ﬁ

2} Ganeral -

Plant  %#fﬁiG$ti$ﬁ uﬁiﬁg ti&&u@ aulkar@ induced
mukacenssis is a ﬁﬁvﬁl and v&ry iﬁxtrastzng Ei@iﬁ @ﬁ
research among tha verious technicques available in tissus
culturesy Bajai élé?&)j based on a study of direct and
indireet effects of camme irradiation on the seads, seed-

lings, callus tissue cultures, sxeised roots, ovales and -
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“sfﬁﬁ h@ﬁ @m@@rw%é that callus tiscus culbures ayrs nore

xaﬁi@mrﬁﬁiataﬁt than intact g&%%iimg@a Yoshida and Cgava
{1963) reported that individual plant g2ils or pollen
graing gr&wa in nu&ﬁux@ madia can $@£V@ as ﬁ&&a&le-mbterial

ﬁ@r‘@ﬁ%&bkﬁghiﬁg entive plants.

Sxizvin (1978) suggests a novel approach to intra=
clonal plant improvemsnt which will utilize both the netural
ané induced veristion associsted with clonally propacated

plants through various in-witro and ineyive procodures,

Many plants obtained are ¢f single cell origin and henca

of pure mutant type svoiding the chimerism.

Johneon (1960) using gamma irrediastion achicved

in-vitrp induced separation of chimeral genotypes in

Cornation (Dignthus garvephyllug) from meristem Sultuce

and macerated ghoot tip culture;

Hieropropagation of two genotypas of Bogonis hicmatis

was achieved through in-witro cultured leaf disd explonts

and subseguent trancplantstion to soil using

explont parts

with adventitious shosts. After irredigtion of detached

leavas with different doses of Xevays and two cycles of
adventitious shoot formation on igevitrpo cultured leaf
dise explantss plantiets were produced. About 30 per ceﬁﬁ'

wars putetad with rospeot 2o colour, size

of these plants



and form of the leaves and flowers (Roest gt al., 1980),

niu and Deng (1985) suggested that callus irradia-
tion is not potentially useful for inducing superior
mutants. They cultured shoot tips of orange (Citrus sinesis)
on modified MS medium with growth regulators followed by
redifferentiation on bud and reoting media, Three new
clones (nucellar ¢lones) gave higher rates of callus growth
and redifferentiation than did the old clomes (a chimera
cultivar), It is suggeé%édutha&méallms irradiation is not

potentially useful for inducing superior mutants,

In potato (Solsnum tuberosum L) adventitious sprouts

of cultivar Eesig ;fhhé$‘arise by in-vitro, X-irradiation
of leaf explantévﬁﬁachisa pétiole, leaflet disc) produced

a vary'high-mgﬁatian frequency (74.3%), a w@ﬁe‘mutation

- spectrum and low rate of chimerism in subterrancan and
aerial perts in three vegetative generations (Harten gt al.,
1980). Roest and Bokelmann {1960) studied the vegetative
propagation by means of inwwitro adventitious bud techni=
gues in mutation breeding of potato. A method for produ=
cing plantlets through adventitious shoot and root f@kmation
from rachis, petiole and leaflet-blade explants through
irradiation with Xerasys ves reported, Sunmino et al. (1984,
1986) proposed a procedure for ip-yitro mutation breeding

of pPotatd. fwa hundred and thirty five plantlets obtained



from buds of cultivar 'Des siveet cultured on mod ifiga HH
m&ﬁ:@@ were irvadisted with 3 kR of gemnme »ays gnd singie
node pleces were subsultured twice. AfLte w'a%$u% LD dews s
Vi, plantlets vere cut imto gingle-node pleces and trans-
Served 0 fresh medlum. Anong the 1094 plants av%mm@
at the adult stage, 158 mubations weyg ﬁ@%@ﬁ%@ﬁ 36 of

leaf size and shape, 39 of leaf colour {dark green, gal@
green), 24 of figwer colour (white oy dark purple) 1 of
Liower shape {oweried styic), 7 of anthocysnin-deficient
stengy 5 of duarf type and 46 of tuber skin colour (yellow,
dark purple op spotbed)s OF 102 mutents 78 were ap spavently
nonozencous while 24 appeaved 0 be chimeile. Y-irradiabion
af tuber eye-ploces of the potato cultivar Durmenis (B=173)
has resulted in a plant with sbervent leaves vhich hes been
dosignobed as "ivy leaf® end when subjected to further
" investigations it hos been found that vy leaf ls dominant
without auy pleiotropie effects {Horton g% Bles ?ﬁ?ﬁﬁa

Espino gf gle (1985) beve ﬁ;ﬁ*m%mma% ghoot tisouas,
@@ﬁ 8, Seedlings and ﬁ@éﬁﬁ‘ﬁ@@@ viﬁh gamma YA Both
5 led to retordation

ﬂf ﬁﬁmsﬁ and root growbh, inhibitlon of germinmbisn, Jeal

@ﬁ@ﬁa end plantlets @ﬁﬁ sured jn-vits

ﬁéﬁﬁfﬁi bies aﬁ@ gﬁi&@aghyi& s@r@a&iﬁfﬁl The gpecies used




-Welther =nd Saver (1986 a) anaiyé@é’ﬁh& ra&ioaen@i~
tivity of rose cultivars as a2 basic reguirement f@r‘ggﬁggggg
somatic mutagenesis. Nodal basal segments of inevitro -
grown shoots of the tetraploid cultivers, Mercedes,
Cebiaella, Lorena, Ilseta 8151-i and puftwolke were eﬁyosgd
to X-irradiation (30, 40, 50 or 60 Gy)s Data on survival
rates of explants and sxillary shoot production were tabue
lated. Mercedes was the most and Ilssta was the least

sengitive to irradiation.

A broadlspeetrﬁm of variabiliﬁy was induced by
applying X-ray doses b@éw@@n 2% and 60 cy ta"basal segnents
of in-vitro derived micromshoots of the cultivar Ilseta.
followad by rapaated cutting off of axillary shoots €rom
treated mother explants., The mutations comprisze of 73 per
cent flower mufaﬁts {gize, colour, nurber) 14 per cent with
altered growth and 13 per cent with modified leaves
(walther and Sausr, 1986 b, | B

b} Banana

The work done so far is very little in garma irradia-
tion prior telexcisién énd ¢ulturin§ of the msrisﬁemnar
growing point (Menendez, 1973; Menendez and Loor, 1979;
De Guzman gg_gg,,_EQSQ; 19g82). This field may be of some

real potential for benanas; since the plantlets produced
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by aseptic meristem multlplicaticn pracedure are tiny.
_they are well auitea to nutagenegig manipulation (Br@@rajea

.;anﬁlvan‘ﬁarten, 1978; CGottschalk and Wolff, 1983},

Kao (1979) and Huang and Kao (1979) worked on shoot
apex isolates Of banana cultivars "Hsien-jen=Chiao" and
"?@iéﬁia@“( They‘were exéased to gamma ravs at 2.5 kR and
cultured on semi-solid culture media. A total of 377
apices ware treated and 49 plantlets were obtained from
the first stage of the - experiment. In the second stage,
the plantlets were raised in small paﬁs. Transplanting of
plants to shade and tb open field constituted the third
and fourth stagms. The total time involved was two years;
Mutations were observed threughout the four stages of the
~ experiment. Some majer futants cbserv&d in the field were
cﬁvsho#t stature and high yield, early double Sﬂckaringg,
pale green pseuda—stemgtrea‘leaf ﬁiﬁuribs; and wvariation
 in the leaferatio. |

Yang and Lee (1981) cbtained'laafuéhape mutants
when tissue cultured plantlets from Hslen-jen=chiao with
10«15 em height were treated with D.é1~l per cent EMS
‘Oqu per cent DES and 051 per cent sodiun azide, From
this, dwarf mutants Qére cbtained in which shoot haﬁght
was 50 cm less than in the érigimal cultivar: Callus

induction was achieved from embryos of Musa formosana and




from male buds of cultivar Giant Cavendish treated wikth

0.05 per cent colchicine.

When shoot tip explants cultured in modified MS.

P

medium were irradiated with 1.0 kR gemma rays in Bungulan
variety, it sczﬁulateé several morphological sberrations
and explant arcwﬁh was observeé even at 2.3 kR, A culture
~ strain wﬁﬁh fast and cont nucus prollfaratlon was, isolated.
In=vitro dewiveé‘@lants ﬁér@ established in the field and
those derlvea ffem irradiated cxplanta were s;mllar to or
sambtlm@s betier than thoge from unmrvadlate@ Eﬁ@laﬂt$ with

‘resmect to height, girth, suékcr prodUﬂtlcn and number of

hands par bunch 'and fzng@ro pﬂf bunch&m Gugman et al., 1982).

Silayoli gt al. (198%8) culturaﬁ shoot tig gegmﬂntg
£rcm the banana clone {lual Hom Thong (AAA?.an ¥MS ‘medium,
By gamma 1vraé1ation at Ty 2, 3 and 4 kfadg 5@% plantlmts
'wwcr» produced WLthin 5. wonLhﬁu The hicdcher doses gavg’rlse‘

to more plants showing chlorosis and necrosis.

‘Novalk Ei.éii (1986_37~w0rked on the radiation sensi-
ﬁiviﬁy in shoot tip culturcs of banana and plantain, Shoot
tip culturea were establlsh@a £r0m 9 Musa ‘clonas and shoot
rrollFefatlﬂn 1n clonas uama and Pellp?ta, ShDOt tlps of
Saba were expoveﬁ to gamma radiation, radi osensitivity

was assessed as ‘fresh weight gain and shoots clump ratio



Quring the four weeks following irradistion. & 50 per cent
Qecrease was recorded in frosh wedght gain end shoot clump
retio after irradiastion of 30 to 45 Cy. They obtained
most suitable Musa scumingta clones diploid (an), triploid
(aan) and 'mtx:'agla&a (An2A) from meristem :@ulﬁw; hy

gamna irradistion and @MS treatment {0.75 to 1.0 per cent)s
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MATERIALS AND METHODS

Preliminary inw;;-stiga‘tisn to standardise the
technigues for induced mutggencsis ,m-ggv@ and gg-
in banana variety Nendran (Muga paradisisca |

wnder the sud group plantain with AAD genoue {%msmm
1959}« The sueckers of this veriety weres grovn wder
uniforn conditions,; adopting the recommendations of the
package of practiceos of the Herala Agricultural Univergity.
The study wos carvpied oub in the lepaptment of Agriculbural
Botany, Collsge of Agriculturs, Vellayeni during 1985+768
and in the plont tissue culture loboratory atiached €0

the Department of Plantation Crops, College of Horticultupe,
Vellanikkora, Thrissur during 1986-°88, The project wag
envisaged to enalyse induced in-yivs mubtageneszis and’
induced ine-viiro and guevitrs shootetip culture of banana.
The deotatls of the various procedure adopted are presented

hereunder,
I, Induced mutagenesis jneyivo

The suckers used for the investigation were marked
separately depending on the date of their emergence and
then gpouped according to matﬁri@y into sne month, two
months and three months $1d EOrmS . The csllected rhizomes

were speared with cowdung slurry end ash for protection
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against poests and diseases. After drying them for three
days, these corms were stored under shade for five days
arranged horigontally on planks. These suckers woere used

for ganma irradistion,

the following types of corms were used for treate
ments, Twenty f£ive to 75 per cent of the pseudostem was

excised off at the time of ewposure.

Ty ~ One month old whole corm

T, = one month old corm with 75 per cent pseudostem

Ta -~ Two months old wholse comh

T4'~ Tuo months old corm with 75 pér cent pseudostem

?é = Two months old coxm with 80 per cent pseudostemn

Tg = Three months old corm with 75 per cant
peeudosten

i@ = Threg months ©ld corm with 50 per cent

pesudostem

T, = Three months old corm with 25 ner cent
peeudostan '

Gaina Source

%o

The irradiastion of suckers was dong using &
gevma cell unit installed at the Radio Tracer Laboratory,
Rerala Agricultural University, Vellanikkara, Thrissur,

The gamma source iz stationary and irradiation was done
g

by moving down a ¢ylindrical gasket carrying the materisl,.



METHODS
Camma irradiation .

Ten suckers from each group of one month old and
twoe months old full corm, one month old,; two months old
and three menths old corm with 75 per cent pseudostem,
two months ©ld and three months old corm with 50 per cent
s;em'and three months old corm with 25 per cent stem were
exposed €0 1.0, 1.5; 2.0, 2,5 and 3.0 kR at a dose rate
of 0,228 MR/h. Planting was dene on the day after the
exposure in Split Plot Design with &two replications,

Raising v, generation

The irradiated cosms along with their controls were
planted upright in the centre of pite of size 50 em3 with
5 em of pseudostem remsihing above the soll at a specing
of 2M x 2M 'in two r@pliéatimns of 5 suckers sach. Wood
ash at the rate of 2 kg, lime at the rate of 1 kg and
phorate 10 per cent G at the rate of 25 gms ware applied
to sach pit at the time of planting. Pertilizers were
applied at the rateimf 190 gm N, 115 gm.@zos and 300 gm
Kzo per plant per year in ¢two equal splits i in the second
and fourth months after planting. Cowdung was applied at
the rate of 10 kg/pit for all treated and control planﬁs.

Irrigation was provided as and when gequilred,




a3

Uniform £ileld conditions were providad for thes
plants till harvest. 2ll the field experiments relating
to this ware amﬁwuwtaa in the experiméntal areae qttamh@d
to the Department of hgxlcultural Potany. Callege Of Agrie
culture, vellayani,' The exparimant was conducted durinq

198536,
Chservations

The obscrvatioris taken in the present study were
grcdy@d under eight major heads. 2all the eight observa-
tions were taken from v, generation, The first observa-

Oﬂm gamma rays on sprouting was

tion le dirsct effect of
eliminated in vM, and VM, generations as it is not pertinent

to these two later gencrations.

B vﬁl generatlion

60

The direct effect of ~Co gammae ravs was expresaed

in the v%g ganarations

1. Sprouting

“a. Days taken to start sprouting
b, Days taken to ac&glata sprouting.
c. Mean sprouting percentage

d. Survival percentage



2.

Growth characters (90 days after planting)

a» Plant height

'b, ﬂumber of funatimnal leaves p»r plant

Ce Gixth mf psau@estem

15

» Growth characters at the time of harvest

Ba Flant height

b, Number of 4unsﬁi¢nal 1@&?@9 per plant

e Girth,ei paeud@st@m

Shooting charscters

& Days taken to shooting

‘b Days taken from shooting to harvest

Cs Total duration

. Bunch characters

a. Weight of bunch’

.b, Length of bundh,

s Numb@;.mﬁihanéaspar~%mmﬁh,

Fruit characters

ae« Wumber of fingers per bunch
b. Number of fingers per hand
c. Length of £inger |

d. Girth of finger

e« Welght 0f finger




7. Fruit guality analysis
Qs Total}sblﬁblé-soliﬁs
b, Total sugar
e Acidity
de Bugar : acid ratio
8, Cenerzl observations
as Chlorophyll deficiency
b. Morphological variants
Ba vﬂl g&n&r&tign,l

Chservations on various cgrowth parameters were

recorded by adopting the method of Yang and pao (1982),

1. Sprouting
8. Days taken to start sprouting

Humber of days taken to start sprouting was calcue
lated from the date of planting to the date of first emer-

gence of sprouts on each treatment.

b. Days taken to complete sprouting
Runber of days taken to complete sprouting was
caleuleted from the date of planting to the day of amergence

of the last sprout in each treatments



C. Hean sprouting percentage

Sprout. counts were takcn at fiva aay intervels
£rcm ath day to 30th day of planting. 7Total gprouting
percsntag@ was estimated from the values taken on the day
aftar which ne ﬁufth@f_sprcutiné was observed. The numbar

of suckers sprovted was expressed in percentage values,

Survival perdentage

Survival percentace on 30th day of sprouting of the

sprouted suckers per treatment was calculated.

2s crowth characters (90 days after planting)
a« Plant height

The height was measured from cround level to the
point between the youngest aﬁﬂ subtending lzaf axils.
Height was taken on the third month after planting. The
average plant height for each treatment Qas caleulated and

axpressed in On.

b. Number of functional leaves per plant

Fully opened functional leaves present on the thirsd
month of planting was recorded, The leaves produced per
plant were counted separately and the average values per

plant per treatment were determined.
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., . Girth of pseudostem.
Girth of pseudostem was measured at a heidht of
20 cms from ground level at 90 days after planting. The
average values per plant per treatnent were calculated and

expressaed in M.
3. Srowth ehaxacﬁera at the time of harvest
a, Plant heicht
The height was measured from gfauné level to the
point between the y@éngest and subtending leaf axils.
Height was taken at the time of harvest.
b.. Number of functional leaves per plant

Fully opened functional leaves present at the time
of harvest was recorded, The leaves produced per plant
were counted separately and the average values rer plant

per trestment were determined,

¢+ Girth of pseudostem

Girth of pseudostem was measured at a heicht of
20 cmo at harvest. The average values per plant per treate

ment were caleulated and empressed in om.

4. Shooting characters
a. Days teken to shooting

The date of shooting of each plant per treatment




was observad, based on which the number of days taken for
shooting by each plant was worked out and averaged,
be ‘Davs taken from shooting te harvest

Baged on the dates of shooting and harvest, the
number of davs taken for bunch maturation was estimated

and average values per each treastment were worked out.

C. Total duration

Based on the dates of planting and harvest, the total
duration taken by cach plant per each tréatiment was recorded

and averagad,

5, Bunch characters

Bunches were harvested when fully mature as indicated
by the disappearance of sngles from fingers (Simmonds, 1959).

The following observations were made on bunch characters.

a. Veight of bunch

' Peduncles of the harvested bunches were cut, lzaving
22.5 com above the first hand and $.0 cm below the last hand,
The bunches of the plants per treatment were weiched and

the weight recorded in kilogram.

b, Length of bunch

tength of bunch was measured from the point OF



attechment of the first hand to thet of the last hand,
Average length of bunches per treatment was worked cut and

guprassaed in centimetres.

G Number of hands per bunch

v

The number of hands in the bunches produced by cach

treatment was counted and averaged,

6. Fruit charecters
as Number of fingers per bunch

The number of fingers in the second hand of the
bunches produced by each treatment was counted and averaged

following (CGottreich gt al., 1964),

b. Nunmber of fingers per hend

The number of fingers in the second hand of the
bunches produced per each trestment was counted. and the

values recorded (Gottreich gt al., 1964),

<. Length of fingers

The length of the middle finger on the t@p row of
the second hend (Cottreich gt 2l., 1964) of the bunches
produced per treatment was averaged. The leﬁgth of the

fruit wes measured as the distance between &he stalk and

the apew recorded in <m,



d. Glrth of finger
.. The girth was measured at the middle portion of the

middle ﬁinger on the. t@p row. oi the sacend hand and average

valu@ per craatm@n% was rea@wdad in om.

e wexght Of the finaer

The ueight of the middle finger from the top row of

the second hand was taken, averaged and reacordsd in ¢S,

7 Frult quality analysis

The fruits collected from well ripe bunches were
used for quality analysis, The middle fruit in the top
. ¥ow of the second hand was selected as the representative
sample. Semples were taken frqﬁ each fruit from three
portions vig. top, mdﬂdl@ and bottom, Th@s@ triplicate

samples ware used.For analysis as detailed halaw'
a2, Total soluble s@liégAfiﬁs)

Triplicste samples as mentioned above were used for
the enalysis of total soluble solids (TSS) which was found
out using a pocket refractometer angd expressed as percenw

tage.
b. Total sugar

The total sugar of the samples wore determined as

per the method described by A0ac(1965).
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Estimation of &@éé! sugay

Pipéﬁ%ed 20 ml of pulped salﬁtieﬁ.and added S ml
eoga;'ﬁyﬁgaahl@rim acid;. It was kept ﬁ@r iz h@urgi on
next day added 1,0 ¥ sodium hydroxide €ilY the litmus
paper turns blue. This was made upto 100 ml. Pilpetied
out 5 ml each of Fehling's s@lu&ioﬁ A and Fehling's
solution B into a 250 ml conical £lask, Added 40 ml of
water and 2 or 3 glass beads when the contents boiled
vigorously, added made wp solution from the buretie ﬁﬁll
the blue colour just turned into reddish, Then added
0.5 ml of methylens blue and allowed it to boil for
1 minute: while the contents are boiling continued the
addition of pulped soluticn drop by drop till the blus
colour just disappeared and permenent brick colour per-
sisteds Hoted the volume of pulpasd solution ran down

£from the buretres

L
L.



@ Acidity

Ten grams of the mecerated semple wers taien from
3 plants for cach treatments mired with distilled water
and made uptd & known volumes in allount of the Filtered
solution was titrated against Q.1 N sediun hydromide using
phenplphthalain &8 indicator. 7The acidity wes ewpressad

as percentace of cliric aod

d {AORC, 1965) s an average -
measurenent for each kreatment. \
ds Suger : sedd patio

This was srrived at by dividing the total sugers |
1 titreble agiditys ,, S

wig

ral observations

as Chiorophyll deficiency

St Ed e

the esrly wmorning hours o assess
werdantss

b Morphological v

The plants wore pericdically examined o lsolate

morphologicsl verdents.
. Ba %iz goneration
selection of materisls for i, gendration

%33 plants were harvested and suchkars were collected,
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Five suckers per @ach treatment were smeared with cowdung
sluri§ aéd ashe Afﬁex drying them for three days, these
corms were stored under shade for five days srranged |
horizontally on planks, These were yiént@d'as'gar schedule
given for le gen@xatian.. The crop was raise@ éurinc .
19&6m°w7 at the F@ll&g@ of ﬁgrxeultur%, vallmyaniﬁ ﬁ@ﬁail@ﬁ
Gbservatiﬁns were taken from five plaﬁta euah per treatment
in vid, on all char aaturs a@ﬂiist ”‘b@Vu excluﬁzng’tne ”

£irst chaxaat&zeip
Co vM, generation
selection and raising of materials for Vit genaration

@%2 @lanés ware ﬁarvested and 10 suckers per eachf
treatment were selected to raise v, generations All
suckers were smeared with cowdung slurry and ash. after
drying f@é three days, these corms were stored under shade
for £ive days, These suék@zs were carried fgrwaﬁﬁ to raise
vil, genaeration. The plantiﬁé. manuring and irrigatioﬁ
were done as described earlier. The crop was raised during
1987='88 at the Colloge ©f Agriculture, V@llayaﬁi. Spaecial
care was taken to provide uniform field conditions for the

entire crop till harvest.

Detailed observations were taken from 10 plants per

@ach troatment as explained earlier for VMZ generation.
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IT. Induced mutagenesis - in-vitro
MATERINLS

The meterials used for the in-vitrp culture were
ghoot tips of benana (var. Hendran) isclated from suckers
collected from £ield, vhich were grown under uniform Cone

ditions as menticnsd earlier,
METHODS

Three modifications of the M8 medium were tried
for the investigation., They are liquid mediun of Krikorian
and Cronauer (1984), semi s0lid msdia of Swamy gt al.
(1983) and Bower and Fraser (1982). Out of these the
medium formulated by Krikordan and Cronsuer was found to be

more sffoctive for bananag.

Shoot tipe were isclated from growing suckers. 7The
outer leafcheoaths were ramovad ’t:il'i the gxawinﬁ fsa&mt apex
measured appromimetely 1 em soross the base and were 2
heicht, The shoot opex was excised by making four incie
slong with a scalpet into the corm beneath the apex. The
excised apex was sterilized using Mercuric Chlerids (0.05%)
and washed with sterile distilled water. fThe sterilized
apax was transferrad to culture madium using sterile
faﬁ"&@p@; '

The liguid mediun for the ghoot apes culiure Con-

tained M5 salts supplemented with $.55 micromolar ( /L m)



tnositol, 2,97 4 m thiantne OL, 22.00 4 m BAP, 0.12 M
1_3@&5@%@ and 1$,§arlé@ht Gocenut water, The pd of the medium
“%as aﬁﬁuﬁﬁaé to 5,80 using NaOH, The growing ap@x turnaé

- green. Wiﬁhiﬁiiﬁ{ééys“aaa th@ﬂ'thﬂvaare txansfﬁrfaﬁ~t@ f
solid medium se&idaf&@& with a7 @ar caent. agag gar sha@t
"f@xmatimng '

%ihgl@ shoots formed were forced into producing

' many smaller shoots simply. by cutting them into half longi- o

tuﬁénaliy‘thxaa@h the ap@x The black@me@ shcat ﬁasﬁs )

. were trimm%d off an@ wh@n th% n@w ai&% 6h@ahs wax@ ﬂl@arly -

" vigible they were transfarxaé to fresh m@ﬁiuma Th@%@ ;_i

’*aultnraa were maintained by txansﬁ&rrzn@ t@ ﬁraah cultur@
. meﬁ&um anﬁ s@parat@ng th@ muitip&@ shoots in the some way

avery 3*4 wa@ks r@ﬁtiﬁ@ly‘

- Gamma irxa&iatien f L

Pen conical flasks containing multiple shoots were
' exposed o cach Of the 0.50, 0475, 1,00, 1425 and 1.50 kR

Ei@

trestments of €O gamma &rra&iatiaﬁu

, &mmts w%r@ rwuﬁin@iy 1n%umaﬁ by ﬁraﬁa axring irram
| ﬁiatad sxngle éh@ats t@ eulﬁure mﬁaium sunp&@mant@ﬁ uiEh
VJ9~2§ rar cent (w/@ﬁ &h&fﬁ@&l almmg with uﬁirraﬁaateﬁ een—-
trol. The addition of TBA erhanced rapid r@@ﬁ Eormations

In the yré$éﬁae of éﬂ&rﬁaal'whiﬁe @:rcxéﬁm.ﬂﬂl@ured_r@atﬁ




were. seen at the shoot bage within 4-5 days. Single shoot-
lets were transferred to proemixevermiculite medium in
small countxy pots two weeks after roocting. They were
txanafer:e&}t@ normal gr@am‘hwue@,c@nditioﬁa on the 10th
daye. On the 90th day the plantlets were trensplanted to

th@,ﬁi@ld? The plants grew wigorouslye

Detailed cbservations were taken from five plants
per eacth treatments for the seven charecters as per schedule

given for vM, generation im in-vive induced mutagenesis.
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REBULTS

| The data collected on the vardous cboervations
@agtaiming to inevivo end inevitrs mutagenesis in banena
variety Mendran in the Ehzé@ age groups in ﬁhr@@.g&n@r&@
tiana4§@§a statistically anslysed and their results are

pmisaﬂmé bolow.

I, Induced muﬁaganﬁﬁaa “ﬁrvvvm_

- Direct effect of &Q Co mumma raye {(as ﬁxyrmﬁﬁaﬁ iﬂ vﬁl
generation)

1« Sprouting

| Efgeét of ﬁiﬁferenﬁ exposures of ganma rays on
sprouting in suckers of different age oroups and sizes
is . presented in Table 1. significant varistions among
treathonts and oxposures wera noticed for days token to
start and canplete sprouting, end also 4 the percontage
“@prouting and survival,

a) Days taken to start sprouting

The number of days tolien to start sprovting in
control population amﬁikh@wé'@xgms@ﬂ et 1.0 k& showed a
pdmilar renge of 7,0 (Tg) to 1340 (7)) (Table 1a)s At
1.5 and 2.0 kﬁ‘ﬁh@<raﬁg%'vaﬁi@@'ﬁrém‘?Qﬁ (Tg) to 11.0
(Ty to Tgls 8.5 €T§§ %0 12.0 (T,) whersas in 2.6 kR it



Table 1. Effect of Gamma rays on sprouting (le generation) !

d . Percentage survival after 1 month (seedling stage)

a. Days taken to start sprouting _b. Days taken to complete sfyrouting ' c - Mean percen'tage sprouting PR T—
Size of  Con- Ry STRTERTS XR 3.0 kR Con- 1 kr g% LY PR KR 3.0 kR Con- 1 kR .‘sv“1}<'Rﬁmxzwl‘:ge§ 2.5%R 3 xR ’ conerol Semne ray exposures
suckers trol trol _ B trol , - . . 1 kR 1.5 kR 2.0 XR 2.5 kR 3.0 kR
v Ve v 4 v v
T, 10,00 10.00 11.00 11.00 12.00 13.50 21.50 21.50° 22,50 22.50 23.50 25.00 41.00 :4o.co 31.00  30.00 29.00° 28.C0 ‘1 ’ 80.50 65.00 55.00 47.50 45.00 44.00
T, 10.50  10.00 11.00 11.50 12.50 13.C0 22.00 21.50 22.50 23.00 24.50 25.00 25.00 24.50  24.50 23.00 22.00 20.00 ! 60.00 50.00. 55.00 50.00 49.00 47.50
T, 10.00 10.00 11.00 11.00 12.00 12.00 21.00 22.00 23.00 23.00 23.50 23.50 51.50 ,51-00  51.00 48.50 47.c0 46.00 ; ‘ 90.00 87.50 89.00 75.00 50.00 49.00
T, 10.50 10.50 11.00 12.00 12.00 12.50 22.00 21.50 22.50 24.00 24.00, 24'.50 45,50 f4s.oo 45.00 44.00 43.50 44.00 ! ) 80.00 75.50 74.00 50.00 49.00 47.50
g 11.00 11.00 11.00 11.50 12.00 12.50 22.00 23.00 23.00 23.50 23.50 24.00 36.50 437.00 36.00 36._50 35.00 34,00 ! 70.00 69.00 65.00 65,50 62.50 50.00
: Tg 7.00 7.00 7.50 8.50 9.50 10.00 19.50 19.50 20.00 21.50 22.00 22.00 959.00 90.00 89.00 87.00 86.50 85.00 : 100,00 99.00 97.50 85,00 75.00 54.00
T, 7.50 7.50 9.50 9.00 9.00 10.00 20.00 20.00 22.00 21.00 21.00 22.00 99.00 ;91.50 85.00 85.50 84.00 82.00 o 1 99.00 95.00 95.50 72.50 55.00 49.00
Tq 8.60 9.00 9.C0 9.50 10.00 10.50 20.00 21.00 21.00 21.50 22.00 22.50 99,00 89.00 87.50 75.00 71.50 64.00 :,‘...m ’ 97.50. 90,00 77.50 70.00 50.00 49.00
Analysis of variance ' . ' Analysis of variance
- Source F value CD value F value CD value . . F value CD value ‘Source F value CD value
Treatments 19.07%* 1.0¢ 7.2 1.24 ' 606.33"% - 3.6 l Treatments  20.41%" 9.1
Exposures  12.07™* 0.80 . _ 22.34™* 0.60 NN 1.88 = Exposures  42.29" 5.92
! "k 1 *

Interaction 0.26 0.74 . -. . 5.55 5.32 . Interaction 2.33" 16.74

T

0%




vag from 9.0 (??) to 12,5 (?2)‘; The mmmn mmga
‘noted in 3.0 kR {1'*6 &aya in "“6 and ‘e? axzsi 13,5 éays in.

'T.l Yo In all the suckers of different age | ;,‘,.uga &%’iﬂ g&z&%

the mammum delay vas abserﬂre@ in the mgmsi: exgmmwn
The range vas fwra 10,0 ‘Eﬁ 1%s5 for iﬁ,i *%f.’sw% t0 w, ﬁw |
t‘i?g 1040 0 12.0 for @75 10.5 to 12.5 fm* .z@ 1.0 %0 1245
fw ‘1§ 740 w ’mﬁa for T6 745 €0 mg@ fw»‘ T.}. 3 and aw w
1@4}) far ‘1‘8 for amﬁml emﬁ 2&,@ %R mspeetwa

b)) ﬁa:m taken o mmpleta sprouting

"ﬂw tmal nupber af days takm ko) mmg:le% @mui:iﬁ@
mgeé from ‘i%d‘) {%3 to ?E,a @2 T% Tﬁ) in control _
| population {u}, ‘3%5 {’26) to 23.0 {‘I* ) in ’h& kR, and 2@‘3.&3
{%} to 23.0 (*32’3 5} in 1.5 ¥R gaﬁam Pay exposures (Table ‘i%}) :
The mxsge was from. 21,0 {‘1‘7} to 24,0 {T&_) in 2,0 KR and
| :?.’iw {? 3 £ 245 i'i?g} in 2¢£’> KR. max:%.mma delay to c:@lem
’apmu‘tﬁ.ng {23«.0 days in ?6 and. ‘I*? and ?mi days in Ty and
} was found on 3.0 kR treatment. The suckers in eontrol
’ paw}.a’aé.m cﬁragﬁe%ﬁc} sprouting mlativss}.y aarmm* than those
under 340 KR ganna exposure, The suckers in ew&mi popUm
: &éﬁmm iwe&éﬁm' of their size completed Bprouting
within 195 to 222‘@ days. - o

e:a) Mean s;amui;mg mmenm@;@

*"m s;wsuf:inw *g&mamage rarxges% fm'a 25 (T,) to 99



(Téi

T7€,Tgl in control, ﬁﬁé@g treatmontg, the lowest
:gpr@utiﬁg y@w@@ﬁtag® w@afahmwn~by 3s@‘k&‘§r@agé@nt inu?%
(20:0) and the highest valus wéﬁ in 7., (91.5) unczéar 1.0 kR
treatment {(Table lc). ?h@ iaw%$t'm¢am vaiuegr#@re‘ncteé
in a in all the eXpoOsUres irr@ iv@ of th@ gi@&g of
suckers, the mean ﬁ@fq&ntugw amrmﬁting ra@ueeﬁ wﬂtﬁ '

increase in exposSurss.

&) sSurvival percentage

The lowest values wsre notad in Ty in three higher
exposures (47.5 to 44.0 under 2.0 to 3.0 kR) and the highest
values in Tg (Table 14}, The percentage survival in 7,
ranged from 100.0 in control to Jé O in 3.0 kR exposure,
The lowast survival pereentags of 4@&@ Was n@a&d in Tﬁ

under 3.0 kR SUPOSUTS .

2. Growth characters (90 days after planting)

BEfect of different exposures of gama rays on
graw%h‘ahéraﬁﬁarﬁ f@%'ﬁaya»afﬁ@f planting) im”anﬁker@-ﬁf'
dﬁﬁﬁéﬁ@mﬁ-age @r¢w§$»a§ﬁ gizes s . pragented in Table 2,
vﬁi@ﬁiﬁi@§ﬂﬁAvafi&%£@n among troetmonts, oxposures and
their iﬁﬁaxaatmwua wag n@taﬁ wmth»res&ect o girth of
ya&u&mztﬁm. Plant hﬁight and nuiber of leaves ghowed
significant veriation only among treatmonts and different

syposures of genme ravé.




Table 2. Direct effect of gamma rays on grdwth characters (le generation)
.:5;, plant height (90 days after i:lanting) (cm) " ‘b. Number of leaves (90 days after planting) c - 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 XR 2.0 kR 2.5 kR 3.0 kR 1 kR 15 kR 2.0 kR 2.5 kR 3.0 kR 1 kR 1.5 kR 2.0 kR 2.5 kR 3.0 kR
] v v v v v v .
Tl 137.50 136,50 136.50 135.00 134.50 130.00 6.00 5.50 5.50 5.00 5.00 4.50 19.25 192.20 17.75 17.74 18.55 ' 18.18
T2 139.00 139.00 137.50 13(7.00 135.00 134.50 5.50 5.00 5.00 4.50 3.50 4.50 18.25 18.20 16.80  16.90 ° 17.75 17.10
T3. 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
T4 140.00 138.00 ) 137.50 137.50 137.00 137.00 7.50 7.50 7.50 7.0Q 7.00 6.50 21.65 21.45 21.25’ 20.47 120.55 20.95
Tg 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
Tg 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
T, 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 24.78 24.40
Tg 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 CD value ' F value CD value F valua CD value
128.23"" 1.18 - 11.58** 1.21 5598.62"" 0.15
26.75"* 1.4 - 9.43"" 0.s9 " 220.11™" 0.14
1.68 0.27 26.86 " - 0.39
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a) Plant heidht (in cm)

In control population, the mean plant h@i@hﬁ rengad
from 137.5 {7, and T,) to 154.0 em (T,) (Teble za). The
range wag from 136.5 to 149.9 in 1.0 k2, 136,5 o0 148.0
in 1.5 kR, 135.0 to 148,C in 2,0 kiy 134.5 to 146,0 in
2:5 kR and 130.0 to 140.0 on in 30 ke  In 81l the suckers
of dlfferent age groups and sizes, the mepimum mesn plant
hedght was recorded by the control and the minimum by
3.0 KR exposed populstiens. smong the trestments the
lowest height of 130.0 en recorded by Ty and T, under
3.0 KR and the hidheést value of 149,0 om was shown by ?&
dn 340 KR,

b) Number of functional leaves per plent

The mean nunber of funckional leaves per plant
vanged from 5.8 (Ty) to 9,0 (Tg) in control population,
5.0 to 8,5 in 1.0 kR, 50 £O 845 in 1.5 kR, 445 to 7.5
19 200 KR, 3.5 t0 8.0 4n 2,5 kR and 4.5 €0 7.5 in 3.0 kn
respectively (Table 2b).  In all the different sge groups
and sizes of suckers the mean leaf nunber was the highest
in contrel population and the lowest in 3.0 kR. The meen
nunber of leaves per plant in Ty 0 Ty renged from 4.5 to
Gelp 34D o 545, 70 20 8,5, 6,5 £0 745, 55 20 Tl 7.5
A0 9,0, 6a5 to B45 and 6.0 to 8.5 from treatments to

Sontrol,
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¢) ¢irth of pseudostem (in em)

The mean girth of pseudostem ranged from 19.95 »{'-:a‘i?
t6 27.70 (Tg) in control, 18,20 (T,) to 26,50 (%) in
1,0 kR, 16+80 (T,) to 26.70 {Tg) dn 1.5 ki, 16,90 (T,) to
26,80 (Tg) in 2.0 kR, 17,75 (T,) to 26,70 (T} in 2,5 k=,
17610 (T,) 0 26,40 om (7T.) in 3.0 ki {Teble 2¢), The
contyrol pniaﬁi@ﬁ f:?-ﬁs' Tg mrmﬁ the highest girth of
pagudostan (27,70 om) ,' Under treatments, the hi@ws‘st
pseudogton ¢

irth (26.2 em) was seen in 1,0 kR of 7, while

the lovest (17.10 em) wae recorded in @éré und

EXPOSUres.
3y Growth characters at the time of harvest

Bffect of various exposurss of gamna rays on (xrowth
characters at the time of harvest in different age ¢oups

and glzos Of suckers .s. presented in Table 3.

and exposures differe eignificently with respect to number
. of leaves and girth of pseudostem. In plant height, ganma

ray exposurces and the intersction betwecn treatvents and

woosures showed significant variation.
&) Plant height (in om)

In control population, the mean plant heicht ranged
from 299,55 (Ty) to 306,00 (T,) and in 1.0 kR ganma ray
exposures, it was from 299.38 (T,) to 306.30 an (Ty)



Table 3, Direct effect of gamma rays on growth charactersat the time of harvest (le generation)

a . Plant height (ecm)

:b' Number of leaves

¢ . Girth of pseudostem (cm)

Size of Control Gamma ray exposures Control - Gamma ray exposures - Control Gamma ray exposures -
suckers 1.0 kR 1.5 kR 2.0 kR 2.5 kR 3.0 kR 1.0 kR 1.5 kR 2.0 kR 2.5 kR 3.0 kR 1'0_ kR 1.5 kR 2.0 kR 2.5 xR 3.0 *n
Tl + 305.40- 300.50 300.60 302.30 300.05 293.95 11.00 10.50 10.00 }0.00 10.00 9..5_0 . 45.C0 44.95 43.050 43.10‘ 42.15 41.55
T, 303.65 299.80 299.70 300.50 299.10 292.95 10.50  10.00 9.50 7.00 6.00 6'09 43,00 ;%2.90- 41.60 41.50 41.05 c0.25
T, 306.00  306.30  300.10 299.10  299.40  297.20 13.50  13.00  13.00  12.50 12,00 12.00 | 48.00 46.55  46.25  46.05  45.50  45.08
T, 300,40 302.60 298.45 298.25 298.20 296.65 12.50  12.50  12.50 12,00 12.00 11:00 47.00 46.50  46.55  45.40  44.25  43.7s
T5 301.75 299.55 299.45 298.75 298.65 297,.90 11.50  11.50 11.00 10.50 10.00 10.00 45.45 44.05 44,00 43.75° 43.45 42.45
. 'I‘6 304.95 304.80 300.20 300.15 296,65 296.55 14.00 13.§0 13.§O 12.59 12.50 12.00 55.40 54,25 52.55 50.65 4,9.45 o e
T, 303.85 303,30 299.30 299.50 292.85  296.15 13.50  13.00 12,00 11.50 11.5  11.00  52.55 51.20  49.25  48.30  47.55 425
T8 299.55 299,35 299,60 296,60 294.75 294.65 13.00 12.00 12.00 11.50 1Q.50 10_.00 50.50 48.80 47.15 46.40 46.00 45.30
Analysis of variance
Source F value CD value F value CD value ’ F value | CD value
Treatments’ 0.65 h 35,41'** 0.89 35.79* 1.88
Exposures 183.68"" 0.56 8.55"* 0.87 .76 L
Interaction 8.59" 1.60 0.46 0.22

AN
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(Table Eaﬁ. In the rest of the treatments the values
ranged £rom 299,30 (?%} te 300,60 (?q) in 1.5 kB, 296,60
(Ty) to 302,80 (T,) in 2,0 kR, 29475 (T,) o 300.05 (%)
in 2.5 k? and 292,95 {i ) to 29?¢9Q en {T } iﬁ 3.0 kR,

The highest cuposure (3.0 };ﬁi xmem:}mﬁ the l%wt rang@e
A decrease in mean plent hedldht was noticed with increasing
Gones of gamina ray ewxposures in all the different age
groups and sizes of suckers, except in T, and Tye Here

1.0 kR was found m@m;@:ﬁf&;ﬁvg then control.
b) Number of functicnal loaves per plant

Humber of functionel leaves per plant in centrol
population ranged from 10.5 in %‘3 'm 14,0 in %ﬁ while in
treatments the renge was from 10.0 £0 13.5 in 1.0 kR, 9.5
to 13.5 in 1. 5 KRy 740 to 12.5 in 2.0 kR, 6.0 o 12,5 in
2s5 KR and 6,0 o 12.0 in 3.0 ku (Teble 3k)s The meximum
nuther of lesvss per plent was recorded by control and the
minimum by 3.0 kR in almost all the sizes of suckers. The

leai nunber per plent decreased progressively from control

to treatment upto 3.0 kR with the ranoe of docrease from

1140 0 85 dn T, 105 40 640 in T, 1345 to 12,0 in T
1 2@ P

12,5 0 110 8 Ty 11,5 £0 10.0 in Ty 1440 £0 12.0 in

Tg, 13+8 to 11,0 4n T, and 13,0 to 10.0 4n Tye

¢) cirth of pseudostem (in om)

The mean girth of pseudostem in econtrol population |




ranged frsm 43,00 4dn T2

rangs in meen value ba&@d;mm,éifﬁarﬁﬁt;ﬁiﬁ%@=wﬁ'sﬁ¢k@zg
were 42,90 to 54,25 in 1.0 kR, 41.60 to 52,55 in 1.5 kR,
41.50 o 50.65 in 2.0 kR, 41.05 to 49.45 in 2,5 kR and

to 55.40 om in T, {Teble 3¢)., The

40.25 %0 48445 in 3.0 ki Execept in Ty in all other treatw

mants control populstion recorded the magimunm value,

4. Shooting charsgters

Bffact of vaiiausv@xpmﬁﬁﬁeg of ghmma Favs on
shooting characters in suckers of different ages and
sizes /s presented in Teble 4. Stotisticel analysis of
. the data ﬁhﬁw@ﬁ'ﬁiﬂﬂiﬁiﬁﬁﬂﬁ‘ﬂﬁt&ﬁt&@ﬁ amoig treatmonty,

: gamma ray cyposures and thedr mntﬁgaﬁti%ﬁﬁ gucdpt in the

aasa of ﬂayg taman o shoutiaa*
- a) Days taken to shooting

The days taken o shooting in T, to T, control
population ranged from 223.00 to 201,85 (Table da). The
range in woan days teken to shooting dus to the eoffect of
difforent oxposure of gamma rays were 201.85 to 2@4&65 in
1.0 KR, 202.30 to 224 45 in 1.5 KRy 203:05 toO, 225.50 &n
T2.0 KR, 202.5% to 225,95 iﬁazﬁa Aﬁ;aﬁ@‘zﬂsaﬁﬁ o ﬂﬁﬁqﬁﬁ
cdn 3.0 kRs  The f£lowering dﬂréﬁiﬁﬁ»iﬁggﬁas@ﬁ with increage
in gammna ray cuposures. anfi to T, except in Ty and ?éf
control took the lovest nunber of days of 223.00, 218,60,

208,55, 206.15, 203,00 and 201.85 days for shooting while



Table 4.

Direct

effect of gamma rays on shooting characters (le generation)

a. Dafs taken to shooting

b'e Days taken from sHooting'to harvest

c. Total duration (in days)

Gamma ray exposures

Gamma ray exposures

- Gamma ray exposures

Size Control Control Con-
gﬁckers- 1 kR 1.5 kR 2 kR 2.5 kR . 3 kR 1 kR 1.5kR 2kR 2.5%krR 3 krR % 3 %p 1.5 kR 2 kR 2.5 kR 3 KR
Ty 223.00 224,05  224.45 225.50 225.95 226.90  97.60 97.70 '97.70 95.10 98.35 98.10 320.60 321.75 322.15 323.60 324.30 325.50
T, ~ 218.60 220.05  220.65 222.20 223.25 225.45  98.05 98.25 98.35 98,45 99.50 98.70 316.65 318.30 319.00 320.65 322.75 324.15
Ty  215.95 216.00  216.50 215.65 215.30 213.75  94.05'94.25 94,95 96.55 97.85 97.35 310.05 310,25 311.45 312.20 313.15 315.15
‘T,  216.75 216.10 215.90 216.90 217.55 217.45  95.00 96.55  97.35 97.80 99.10 98.40 309.60 310.05 310.40 311.55 312.85 312.85
Tg  208.55 212,70 214.45 214.30 212.25 218.60  95.45 95.85  96.45 97.00 99.00 98.50 304.00 308.55 310.40 311.30 311.25 312.10
T ~ 206.15 207.00  207.80 207.85 207.95 208.50  88.80 89.15 89,30 89.40 89.00 89.50 295.65 296.15 297.10 297.25 297.85 297.95
T, ~ 203.00 206.00  203.10 204.45 205.05 206.10  89.60 90.15 ' 90.20 90.20 90.60 90.45 292.60 293.10 293.25 294,65 295,65 296.55
Tg ~ 201.85 201.85  202.30 203.05 202.55 203.25  91.15 91.30 91.40 91.60 92.70 92.25 293.00 293.15 293.70 294.65 295,25 295.50
Analysis of variance
Source F value CD value Source F value CD value Source F value CD value
Treatments 55.69"* 3.59 Treatments  3719.80 " 0.20 Treatments  2165.20° " 0.82
* K . .
ExXposures 9.31** 0.86 Exposures 116.49 0.21 Exposures 243.00** 0.32
. . * =
Interaction 2.03 Interaction 8.38" 0.60 Interaction 8.57 "~ 0.90
¢
0.

a7
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340 kR tock the moxtinmun number of deys of 226420, ?25“%,
218,60, 208,50, 206.10 and 203,25 msm«:ﬁwaly for shodte
dng. . In T3 1.5 KA took the maximum days (216,50) and -
3.0 kR the mmmm 213.75 but the vahz@s wars not signiu
i:i«:;amtly ‘different, Similarly in 7, 4 2.5 kR tm}.. the
mascimum days 217,55 while 1.5 kR the minimum (215:90).

b) :aya Laken ﬁ:’m shooting to harvest

The days ta%ﬁ;,, from ss'fmating to hmes{: z-an@ad £rom
88,80 to 98,05 in control, 89.15 to 98,78 in 1.0 KRy B9.30
to 93;3;‘5 in 3’.»»,3 kR, 89, 4(3 to 98,45 in 2.0 kRy; 89,00 to
Q@;ﬁsﬁ An 245 KR and 89.5 tO 98, '7om 3.0 KR in T, and T,

& ?
raspectively ie. in all the ewposires {Table 4b). Tg
‘showed the minimum value and the maximun was recorded in
Tye  Mosdmum nunber of days for maturity of bunch was

@;éken by 2.5 ki and the mﬁnirma by control population.
¢} Total duration (in days)

The total crop duration wes maximum in T, and
mmmum(?? and '!f) The values rangad ,{m 320,60 to .
292*6% in wmm:al. 321 T8 o 2"’-‘3&2’3 in 1&53* kR, 322&5& Lo
293;25 133 1; kﬁa 323. 5@ 'ﬁ;c} 2@‘%‘#@5 in 2.0 }m’ 324;&% t!a
2@.&,25 m 2«.3 434 and 33 +50 izm 29550 @am in 3,0 m
(‘:E’éblea ei»a*ﬁ;’) + As the dose of gamva rave increased total

duration also increased. From Ty to Ty the total erop |



|
N
duration in comtrol was the lowest and it wes the highest

in 3.0 kR

5, Buneh characters

Eﬁ“&ﬂt of ﬁiﬁﬁ@f&nﬁ @%ﬁﬂﬁﬂ&e @i gamma rays an buﬁ&h
choracters in é&ﬁﬁﬁxan% agﬁ gr@upa an@,s& aﬁvmﬁ.auek@xa
is : presented in ?a%l@%%» %igniﬁi&anﬁ variati#n %ﬁ@h@
treatments and @u@ﬁaur%s was noted with respect to weide
of bunch, length of ﬁunqh and number of hands por bundh.
A‘with ragpect to waight auﬁ length of bunch interactions:
betwoen tr@aﬁmaﬁts ané,awwaﬁuz@a were alse found to be
significant. | ;
&) welght of bunch iinfkg}
l ) .
The iﬁwaﬁ&\hanm@ welght was shown by T, and it
 raﬁg$ﬂ.frmm~7¢%9 ig aﬁ%ﬁﬁ@l ropulation to 5.01 kg in
" 3.0 kR, Eé Sh@w@&'maﬁ%m&m bunch weicht and it raﬁga@;
|
frem 92,45 (kg) in control p@pul@timn té‘9§25rkg*iﬁ 3.0 kB
gxposure {Table 5a)s In ?1' Ty, T3, Ty and Ty increase
in the dose of g&mma-g%gmguxe resulted in a decrease in
bunch wedght; in control it wes 7.42: 7.40. 8.05, 8.95
rgnﬁ 8,41 kg vwhile in S;éﬂkﬂ it was 5.10, 5401, 6,30, 6.05
ama 6.65 kg The ﬁune% waeldht ranged from 6.05 (3.0 kr)
Lo 7. 97 ilaa hm} in Tﬁf G.00(3+0 kR) t0 7.87 (1.0 ’mﬁ in

Ty and 9425 (3.0 ki) t{; 9,35 ky (2.0 ki) in T,.

i
!
i
!
1
!



Table

(

5. Direct effect of gamma rays on bunch characters

a. Weight of bunch (iﬁ_kg)‘

T

g

b . Length of bunch (in em)

C. Number of hands/bunch

Gamma ray exposures

Control

Interaction

. Control Control Gamma ray exposures Gamma ray exposures
itZEegs 1KkR 1.5 kR 2 kR 2.5 kR 3 kR 1 kR 1.5 kR 2 kR 2.5 kR 3 kR 1XR 1.5 kR 2 kR 2.5 kR 3 kR
Ty 7.42 7.13  6.90 6.81 5.62 5.10 29.45 28.19 26.19 26.05 24.05 21.20 4.00 ° 4.00 4.00 3.50  3.50  3.00
T, 7.40 7.11  6.84 6.69 5.60 5.01 29.35 28.05 26.00 23.19 23.49 21.05 4,00 3.50 3.00 3.00 3.00  3.00
T 8,05 7.69  7.73  6.90  6.55 6.30 31.19 30.19 30,04 29.04 26,30 21.05 4.75 - 4.50 4.50 4.50 4.00  4.00
T,, S 7.9 .97 7.02 7.05  6.27 6.05 20.45 29.15 27.55 27.60 26.25 26.15 4.00 4.00 4.00 4.00  3.50 - 3.00
Ts . 7.84  T.87 6.95 6.90 6.20 6.00 27.95 26.85 26.55 24.95 23.95 21.95 3.50 3.50 . 3.50  3.00 3,00 " 2.50
Tg (9445 9.40  9.35  9.55  9.50 9.25 35.60 35.00 34.55 33.90 33.50 31.50 5.00 4.50 4.50 4.50 4.50  4.00
Ty 8.95 8.85 8.66 8.20  7.21  6.05 34.00 33.35 33.45 33.25 32.50 32.15 4.50 4,50 4.00 4.00  4.00  3.50
Ty Bu4l  7.74  7.79  7.82 6.7  6.65 32.90 32060 32.25 31.55 31.30 30.25 4.50 4.50 4.00 < 4.00  3.50 3.50
‘_~“;;;;f;;s of variance - |
. SOu;ce ~ F value CD value Source F value CD value' Source F value ' CD value
Treatments  464.65 " 0.15 Treatments  1280.30° 0.34 Treatments  g.78"* 0.54
Exposures  342.47"" 0.11 Exposures 641,72"" 0.20 . Exposures  8.66"* 0.35
Interaction  11.19 0.32 Interaction  87.21%* - 0.57 0.31° '

@9
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b},naﬁgth @ﬁ Bunch {in em)

CTha i@ngtn Qﬁ bunch ranged ﬁram 2@ A5 £T } to 35.6
{4 ~ iﬁ control population end 26,85 {T ? ts 35,00 (Te)
in 1. kR ('i‘dblf:: 8B)e  In 1.5, '2,-{3‘ and 2,5 kR the valuos
ranged £rom 26,00 to 34.55, 23.10 to 33,90, and 23.49 to
33.50 in T, and T, respectively, The bunch length ranged
from 21.085 in T24aﬁﬁ Ty ko 32,15 om in T, under 3.0 kR
'@%@ﬂﬁﬁf@a .Eﬁ,ali these treavments 3.0 kR gave thﬁ»iawﬁgﬁ

value while the hidhest was rogorded in gontrol populaticn.
) mumb&z>mfghﬁnﬁﬁ'ﬁww“bun@h

The munbar of hands per bunch ranged from 3.50 to
5,00 in control population, 3.50 to 4,50 in 1.0 K&, 3,00
£o 4,50 in 2.5, 2.0 and 2,5 kKR and 2,50 to 4.00 in 3.0 kR
(”éhlﬁ S5¢iv  The nuber of hands per bunch ranged £rom
300 (3¢Q ?ﬁ} ko 4,00 in T& and T 4 00 o g,vg in £3’
3¢@O Lo, 4,00 iﬂ Té 2450 Lo 3450 &ﬂ Té 4»@& to 5.00 in

?S»- 3.8 o é;f} ix T.,y and 3, 80 to *3‘4’553 inT
bt 4 P C ‘ ]

B*
6, Fruit cheracters

Effegt of ﬁamf&xwmﬁ uzga&ar@a OF gam&a xayﬁ on
Eruit charaatexa in &@ﬁfarank age mr@nys and gizes of
&u@kwra is.: presented jn Table 6. Significant var@nﬁiwn
BMONCG trua%m@ntug CERENR ray eyy@suraa and tﬁ@iﬁ intere

actions were wata& with xasypat te‘nﬂmbar of ﬁing&r& and
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R4

8. Bz, 2l [irgurpyfesaon

b Ny, of fl.!“‘;rﬂ-ii!';l

f. Langth of Flrger (em)

d: drth ef lr;.u (=)

%, kmignt of frois (ge)

e S iy | Sy E:’:I Se==a ray wys=am o Ee=a ray expeaures f:; GE=a Fay erposges o CaSSa Fay erpesszms
1.2 %8 1.0 EA 2.0 kR 2.8 kX 1.0 & 1.0 k% 1.8 En 2.0 kA 3.5 kA 1.0 o Lo KM 1.3 &2 7.0 km 3.8 kN 3.0 1.0 kM 1.5 LR 2.0 kN 2.5 kn 7.0 &x 1.0k% 1.5)Mn 2.8 kn 7.9 ki 2.0 kn
% ST MO0 YA J.40 IS.ED 29.30 MLE) W41 0.} 1T B4 f.na 1900 18,30 15.08 160 17.00 13,10 37,20 103 11.09 11.50 11.E9 11.00 194.25 191.2% 190.00 197.30 tmz.3a 113,88
H EH.OS M. . DLE N0 FE.10 B.ef B.47 TLE Y.dd 095 7.7 LE.BD  15.10 12.70 11.00 13.iQ ii.Ea 11.58  10.E0 5.29 9,00 9,30 9.00 193.25 19080 157,00 192,50 imi.a3  {e3.s>
Ty .8 O .50 4.8 @30 M.70 10.729 1044 577 R.3m B3 9.71 FN.5%  TL.Em .91 U.N IL.00 MV 0i0 IZLAD 1250 17.30 1Len 1220 198,50 183.50 169.41 160,00 145.50 1pe.so
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T 30 B.E0 .00 .00 WM. LLDG 1048 1047 10.80 10,40 10.9] I0.T1 T3.90  S4.I3 34D ieoln T4.00 AL N0 15,00 16,00 1430 14,60 14,90 311.83 I4.10 .00 0.V I0L.40 356,00
L, Ri8 0.0 0.10 4750 0.0 00 1040 10,12 10.71 10,17 10.3] 10.73 178 Je.re 19 I FNED TR0 1840 14.ED 140§ 12.00 12.30 12.00 110.4% 06.00 200,95 208,80 306,01 0509
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TE— e T ™ S e X 12,40 0.51 L T 1.1
e I TURT 0.67 vaa’” 5.12 11.40" 0.57 o it Sdis A
=m0 1.m 741" p.38 7.09 3 t30.a0n8 s



hands per bunch, length, girth and weldght of £inger, buk
interactions were not significant with respect to length

and girth of finger.

a) ﬁﬁm@@t of fingasﬁ p@@ hunah

The nunbsr of flﬂ gRrs per bunch rang@d fruﬁ 37.70
(T, ) to 5@&5@ (Tg) in @mﬂtrml. 3179 (T, £o S0.60 (T.) in
lgﬁ kR, 39.65 (1,) to é?.@ﬁ {r ) in 1 5 kR, ZQ.EG (” } to
éﬁ G0 iTﬁ) in 2.0 kn, 3’41@ (&¢3 t@ 48465 {7 3 An 245 k&
and 28.30 {1,) to %%‘aﬁ‘(?g} in 3.0 kR {Table £a)s The
meccimun mumber of £inger per bunch in gensrel was found

in control gﬂpulaﬁiaﬁ and the lowesi in 3.0 KR exposure.

b) Number of fingers per hand

—

The numh@r @f fxnm@rs por hanﬁ ranged fr@m.ﬁ 82 (” )
te 19.43 (T ) in,aantxmi, 7.08 to 10.47 in 1.0 kR, 6,83 to
lﬂ»ﬁl in &aa kR, €488 t@ l@;&@ iﬂlzuﬁ KRy ?w@@ to 10.93 in
2.5 kﬁ anﬁ Te QS to 1@.71 in 3‘l ¥R tf “5 aﬁﬁ reagectivaly
(Tab&e Sh)e mh@ nurber of fia@axu per hang vari@@ ﬁ@p@ﬁ&iﬁg
on the @x@@wuraa aﬁ@ the sizes of suckars, and in majnr*ty
Of the cases 3.0 kR gave the lowest number of ﬁimgers per
hargls

e) length of finger {in em)

The range lﬁ langtn of finger varied from 16. 8@ to



)}
c

25,90 in control population, 15.10 2o 24,75 in 1.0 BR,
1320 o 24.40 in 1.5 kKR and 13.00 o 24410 in 2,0 %k, in
Ty and ?ﬁ regpectively (Table 6¢), In 2,5 kit and 3.0 ki
it ranged from 13.10 (T,) to 24.00 (¥,) and 12.80 (%,) to
22.70 (7,). |

d) Glreh of finger (in em)

The girth of the finger was a&s& affected by
different exposures and sizes of suckers, The valuss
rengad from 1145 to 15.5 in control, 10.8 o 15.0 zn'mﬁa KR
942 £0 1448 in 1.5 KR, 9.0 £0 1445 in 2,0 KR, 9.2 £0 14.6
in 2,5 kR and 9,0 to 14.3 on in 3.0 k& in T, and T, rece
peetively (Table 64)s The girth of ﬁ&n@mr docrsased with

mnmr@amk ifr gamna £aY exposures.

e) weidht of finger (in g)

In control population, the walue rangsd from 193.25
T,) o 211,65 (T ) and 177.60 (1,) to 208.10 g (T.) in
1.0 kR {Teble 62)s In 1.5 KRy 2,0 kR, 2.5 k& and 3.0 X2
it ranged from 169,45 to 207.08, 160.00 o 206,95, 146.50

to 206,40 and 106,50 to 206.05 in T, 2nd T, respectively.
Iin wi to Ty finger woicht decrossed with increase in dose
‘ af‘gamma.réyfsAmws&raﬁg

7« Effect of gamma rays on frult quality

Bffect of various expocures of gams rave on fouib
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guality analysis in presented in Table 7. Significent
variation amang treatments and exposures way noked with .
regpect £o total soluble solids (T89), total sugar, acidity,
and suger s acid rétio. Interactions were also found to be
sigﬁiﬁieaﬁﬁ“with regpect to 88, acidity and sugsr : acid

ratio.

a) 788 {in %) |

- 788 in fruits ranm@ﬁ:ﬁrcm 18,85 {T@)'ﬁﬁ 2558
{?@ and T,) in control, 18.75 (7,} to 28, 45 (” 3 in 1.0 k&,
18.55 (1, ) to 25.08 €T5 anﬂ Ty) in 1¢a KR, 18.35 (T ) to
ai»ﬁ@ {?%3 in z.m KRy 18.08. (T, ) to 21400 {1y) in z,ﬁ &R
and 18,05 (T,) to 2 ﬁafﬁa per cent {Tﬁ) in 3.0 kR (Table Ja).
The date clearly show thai the 795 in fruits varicd @epéné»

ing on sizes of sudiers and the exposures trieds

) Total sugsr Eiﬁ %)

Tha V&lﬂ&ﬁ in otsl w&@&r xanm@ﬂ Lrom 3& 84 (T, }
20 34.49 {T 3 in ﬁmatrml. 3242 (" ) tﬁ 34 « 59 (& } in
1.0 kR, 3.2.,.?3 (1) o 36,16 1(?.-,,) in 3,,.3 k’é&, 33.34 (‘:23 Lo
37443 {Tg) in 2.0 ki, 33461 (T,) to 38,02 (Tg) in 2.5 kR
and 32.55 (15) to 39, 84 por eant (T 5) in 3.0 kR {rable 7).
Total suger wasg also ﬁound ﬁ@ incrcas% with ivicreese in
the level of gamna ray @yyueuxﬁw. “
 ¢5 rcidity {in %)

Fruit acidity alse varied depending on sipe of



Tablm 7. Diress affect =f geesa reys o0 frulh gquelicy h:& permration)

K5

B, Towal polutle mollds (W)

B Total muger(s)

g Muidivy (W)

d. Ougar 1 scld rsddn

uu-“ ef (= T ] Camra Cay sxposEnn Central Cema Fay mxposarea Comiral E——— == = = =
[ = vy ] 1.0 kA 1.9 kR 7.0 k% = ER 3.0 k= 1.0 kn 1.5 kn 2.0 kn 2.5 k= 3.0 1.0 k& 1.8 ®n 9.0 @ 7.4 &n .0 1.0 %8 1.5 I 3.0 k8 B 1.0
- 1875 “‘:" ‘:'“ ':'“ ‘:"’" ‘:': A-M M LT LW ALY 3NE oS B 088 0.8 0.0 D40 (N0 20,01 BU.L 32:90) Ela) Al
T2 Lo b Anl) ot b abD 330 3LE8 JLsT 1L DMl 2588 054 0.53 080 0.0 B.eA P.d 309 .0 M.06 IOl ERLIY RA.ER
- - LS -
%1 FLIME LA A LA UL LT NLE L A0 M TS e 0.3 001 i) sl o Xiaiy kil i3l Ao e e
i DA TSUE L0 S Ben D Dkl ML Ln B M) a6 L we DAY GdE B4 0.a8 laohif | i R D i S SRSty VY v
:: b 2 VLA LY 19. 34 19.09 19.0:0 1¥.00 ¥d.m1 1.9 11,4} .80 11.E8 .14 0.%y 0.%2 c.ed i, 4 0. 45 o.a7 0,65 20,49 12.51 25,38 11,87 2e,em
T, HEHA TAIL T IE IR AT M LU B0 BB 045 D45 6.3 043 0.3 Ouil e zéon oGS m Re i
:., 25.25 25,38 ME.08 I0L1S I:.i; I:.:‘i ::ﬁ “-3;- M.10 7. 24 37.E] . o.45 O.4K 0. % T 0.4 0.43 27,58 L% .7 2659 -.mq .7
“a e o Er e ga S A AR . HeT3 060 229 3636 B3 046 046 0.4 DS 0,52 DS 1,47 7. M08 DA TLsd Em
Armlyulin of werloscw
b F walus Co walt= F ovalus CT valos
N F valos 4] 1
Trestammts  10000.67 B.o% 1ras"t 4,73 15t.2c"" o ;;-.m :::.:1::" ﬂu‘r::,wIr
T e ks 1’ .07 1%0,00"" o, 004 .0 e
i=twracticn 61,78 D.a7 1.23 ———— e 5-“" 1'3:



suckers aﬁﬁ»th@ gamna ray ewposures trieds. The values in
acidity ranged from 0.45 {Tg) to 0,58 (T,) in control,
8,45 (Tg) to 0.53 (T, and Ty} in,xa@.gﬂikaféﬁ'éﬁg~ana Ty)

to 0.5¢4 (Tg) in 1.5 kR, Gg%gfeﬁaj to 0,88 (T,) in 2.0 kRy
0.38 {T4) to 0.52 (Tg) in 2.5 kR, 0,39 (7,) to 0.46 per cent
{7, and T,} in 3.0 kR (Table 7¢). The higher doses of

gamms exposures dedroasaed ‘ﬁxﬁit acidity. The range in
value was £rom the highest 0.58 to the lowest 0,37 in

gontrol and 3.0 kR respoctively.

a) suger : acid -ratio

The sugar @ sold ratic renged frem 18.95 (?é} LG

| 24446 (Tg) in control population, 20402 (%é} to 24.71 {Té§
in 1.0 BR, 20,81 (T4} to 25:73 (T,) in 1.5 kR, 15,16 (Ty) |
£0 27.66 (T,) in 2.0 kR, 22,50 (Tg) to 30.70 (T,) in 2,5 kR
and 23.25 (Ty) to 32.81 (T,) in 3.0 kR (Table _?@. Here
also the valuas were higher ‘;in» tregted population compared
‘to control.

69{2@‘ genna rays in vM

ama‘ﬁ%é generation

‘?, @%@%@& ¢&@%&@@@@%*(@ﬁ’ﬁaya.aﬁtex'plhntingﬁ

' Bffect of different exposures of g:am?va rays on
growth characters (50 days after plenting) in suckers of
ﬁifﬁ@mﬁﬁ age groups and sizes in Wi, and Vi, coneration
/s presented in Teble 8. Significant variation emong



Tablé 8. Growth characters, 90 days after planting (vM2 and VM3 generation)

Ssi

é.'Plant'height(in'cm)

g

b.'Numbeerf leaQes

¢:, Girth of péeudostem (in cm)

ze of

suckers Control .Gamma ray exposures Control Gamma fay exposures Control Gamma ray exposuresw
1 kR 1.5 kR 2 kR 2.5 kR 3 kR 1 kR 1.5 KR 2 kR 2.5 kR 3 kR 1 kR 1.5 kR 2.kR. 2.5 kR 3 kR
T, w4,  161.15 160.55 159.75 158.90 155.50  151.60  8.45 6.40 6.25  6.05 5.95 5.30 20.25 '20,20 18.75 18.79 19.55 19.18
DM, 162.45 160.85 159.90 159.80 157.55 155.50  9.70 7.05 6.75  6.50. 6€.40 © 6,40 24.55 24.40 24.35 24.00 23.45 23.25
T, wM, 1160.10 159.80 157,90 157.90 154.50 150.50 . 9.45 7.05 6.70  6.30 6,30 6,30 19.25 19.20 17.80 17.90 18.85 18.10
v, 160,60 160.80 160.60 158.90 155.50 151.50° 8.55 6.75 6,25  6.15 6.10 5.40 23,90 23.00 23.00 22.00 21.50 20.05
T, vM,  161.15 160.55 158.90 158.90 155.50 151.60  9.70 9.50 9.35  8.85 8.70 7.50 21.98 21.94 22.36 22,40 22.00  21.77
v,  162.30 162,30 159.70 157.70 156.35 153.35  9.85 9.60 9.45 9,00 8.95 8.75 28,00 27.55 27,50 26,50 26.40. 25.10
T, w4,  161.05 160.05 158.50 158.50 152.50, 151.25 - 8.95 8.90 < 8.35  8.35 8.35 B.05 22.65 22.45 22.30 21.50 21.00 21.50
v,  161.20 160.30 160,10 159.30 159.20 153.50  9.40 9.35 - 8.85  8.70 B8.60 8.30 25.45 24.55 24.50. 24.05 23.10 23.75
T, wM,  160.20 159.30 158,30 158.30 156.20 182.50  9.55 9.50 8.50  7.30 7.35 7.20 22.40 21.73 20.35 19.80 19.90 18.90
vi,  159.10 158.80 153.80 152.80 152.95 153.50  9.75 9.45 9.50  8.80 7.50 7.45 24.30 23.45 22,55 22.40 22.05 21.00
To vM,  165.10 165.10 162.50 162.50 162.85 160.50 10.85 10.95 10.45 10,40 10.10 9.85 28.70 27.90 27.70 27.40 26.7% 26.40
vM;  166.10 166.10 163.10 163,50 163.85 161.50 10.90 10.95 10,70 10.55 10.20 9.90 33.00 33.05 32.10 32.05 31.75 31.05
T M, 164.15 164.10 161.90 161.90 161.90 160.70 10.95 10.69 10.10  9.85 9.75 9.65 27.90 26.90 26.75 ' 26,40 25.75  25.40
v, 165.15 164.60 161.50 162.90 162.90 161.70 10.80 10.70 10,15 10.00 9.85 9.65 31.55 31.60 31.05 30.25 .29.90 28.30
Ty v,  161.30 160,50 159.40 157.90 157.90 155.50 10.60 10.65 9.85  9.80 9.65 8.65 26,10 25.65 24.45 22,10 24.50 21.60
7 M, 162.30 161.90 161.20 160.40 160.50  156.50 10.95 10.80 10.10 10.00  9.90 9.85 29.45 28.50 28.55 27.60. 27.50 27.05
Analysis of variance
Soufcés ‘F valué CD value F value ~ CD value F valus ‘ CD valué
‘sz VM3 sz vM3 vM2 VM3 vmz vM3 sz vM3. _vM7. vM3 ,
rreatments  113.13%F 42.50°° 0.3 1.46 1048.40" 606.28"°  0.15  0.20 4098.11°% - 77.98"* o0.17  1.39
‘ * T * ST .
Exposures 352,56 216.24 0.43 0.46 422.11%% 576,45  0.01  7.69 210.50°F  14.07° 0.16  0.72
.- : 4 . * N . X
Interaction  11.07°° 9.387 1.2 1.31 22.40"%  37.56"° -~ 0.28  0.22 19.79°"  0.31  0.44° ‘ Eg
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triotments, exposures and their interactions were notoed
with regpect to plant. heidht ahd number of i@a&éaliﬁ,ﬁﬁ?

gener Giom

and ”ﬂa genaratzmn and girth of psoudosten in vmz 33

ticn.
a} Plant h@&ght {in om)

 In all the different ag@l§raups gﬁﬁ.$iaaa of suckers,
the maximum mean plant height was recorded by the contrel
and the minimmmlbyvaﬁﬁ kR &m@égéé population. In gontrol
' th&fﬁumkarﬁrﬁrﬁmzwi to Ty w@amxﬁéﬁ a mean plant hedght of
160,10 to 1865.10 while it was $5$¢5ﬁAﬁe 166@?@5¢m‘uﬁﬁ&r _.
3.0 kR exposure (Table 8a), The mean plant height in v%z
ramgeﬁ £yom 16010 (‘2) to 165,10 {T;) din control, 159.30
(Tg} e 1&5 i (T } dn 1.0 ki, 157,90 {T } to 162450 (7,)
in 14»5 RR; 15?«%} i‘I‘?) to 162,50 (7, ) in 2.0 kR, 152.50.
(T} to 162485 (T,) in 2.5 kR and 150.50 (15} to 163.?0 am

(“f.;,} in 3‘99’ kﬂ-

The mean plant height in vﬂa ranged from 159.10 %o
166,10 in control, 159,580 to 166.10 in 1.0 KRy 153,80 to
163,10 0 1.5 kR, 152.80 to 163.50 in 2.0 kR, 152.95 to
163,85 em in 2.5 kR in;?s and T
the range was from 151,50 (T,) to 161.70 (T,) (Table 8a).

respectively. In 3.0 kR

In all the different age croups and siges of suckers, the
maxinum mean p&aﬂt hede ht was recorded by the control ang

the minimus by 3.0 kR exposed populations.



72

b) Number of functional leaves per plant

e gmmna ray exposed materiels S}éﬁméx 5 reduction
in mean leaf tumbers The mesn leef mumber in i1, vanged
from 8,45 (T,) to 10,95 (%,) in control, 6.40 to 10,95 in
1.0 kit 6.25 £ 10.45 in 1.5 KR, 6.05 £o 10,40 in 2.0 ki,
5.95 to 10,10 in 2.5 kR and 5,30 o 9,85 in 3,0 kX in Ty
and 7, respectively (Table 8b). From T, o Ty the meen
leag mg‘:;bfem wag the lowest in 3.0 kR and it ranged from

2,30 to 2483,

The mean leaf number in Wi, ranged from 9,55 ( Tyl
to 10,95 (T,) in controls 6,75 to 10,95 in 1.0 kR, €.25 €0
. 10,70 in 1.5 kR, €.15 to 10455 in 2.0 kR, 6.10 to 10.20 in
2.5 kR and 5.40 to 9.90 in 3.0 kR in 7, and T, respectively
{Table 8b). s in vi, generation alse the leaf nurber per
plant was lowest inm 3.0 kR in all treatmentss

@) dirth of psoudostem {in cm)

| Tha mmm girth of Wiﬁ in control population, 1.0, -
1654 2.0, 2.5 and 3.0 kR was 19.25, 19.20,; 17.80, 17.90,
18,85 and 16,10 in T,
28,70, 27,90, 27.70, 27.40, 26,75 and 26,40 cm in T, vhich

whidch showed the lowest valuves and

recorded the highest girth values (Table Be). The glrth.

ranged from 17.80 (1.5 kR) to 28.70 (Comtwoli.
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The mean girth of pseuvdostem in Wi, rangad from
23,90 to 33.00 (¢), 23.00 to 33.058 (1.0 kr}, 23.00 to
32.10 (1;% KR} 6 2?»0@ uﬁ 32605 {2,0 ki), 21,50 %o 31»?5

{2.5 kR) ané 20.05 to 33.05 om (3.0 ¥R) in T, end Ty
reayﬁctmv@iy {Table 8&)«

9. Growth ¢harecters at the time of harvest

| Effect of different exposurcs of gamma,fays on
growth ﬁh@raatar@’sﬁ thé time of hervest in suckers of
diffmrent aga grouns and sizes s prvsanb@ﬁ in Tabioc 9,
Treatments, oxposures and lﬁt@r&@ﬁmaﬁu were significent with
respact to number of leaves and glrth of pseudosten.  Diffes
rent exposures tried showed significant differences in

a) Plant heicht (in em)

The mean plant heidht in vit, ranged £rom 300455 ko
307.00 in control and 30035 to 306,80 em under 1.0 kR in

s

renge was between 299,78 and 298,45 in Tgkamd 301:45% and

303480 in Ti*‘ In 265 kR and S.O‘ﬁﬁ 1t was from 296,20 (?@}

to 301.05 (Ty) and 283.95 (T,) to 298:90 (%) respectively.

end T, regpectively (Table 9a)s In 1.5 and 2.0 KR the

A decrease in mean plant height was noticed with increasing
doses of gamma Yay exposures in comparison with the gontrol

in suckers of different ages snd sizes, In Ti the plant



Table 9..

Growth characters at

the time of harvest (vM2 and vM

3

gensaration)

a. plant heig’ﬁt (in cm') .

b, Number of leaves

‘¢. Girth of pseudostem (in om)

Interaction

-8ize of
suckers o nirol Gamma 'Tay exposures Control Gamma ray exposures Control Gamma Tray exposures
1 kR 1.5 kR 2 kR 2.5 kR 3 kR 1 XR 1.5 kR 2 kR 2.5 kR 3 kR 1 kR 1.5 kR 2 kR 2.5 kR 3 kR
lTl VM2 306.40 301.40 301.45 303.80 301.05 294.50 11.95 11.60 11.60 11.60 11.60 11.60 52.85 50.85 ‘50.70- 50.30 49,10 49,70
VM3 307.40 302.40 302.45 304.80 302.10 296.00 12.20 12.15 11.85 11.80 1l1.75 11.65 53.85 51.85 ©51.70 51.30 50.40 50.70
T2 VM2 306.15 300,85 300,70 301.50 300.10 293.95 11.90 11.30 11.25 11.20 11.20 11.05 51.70 49.80 49.60 48.85 49,30 43,55
‘VMB 307.15 301.75 301.70 302,50 301.10 294.95 12.15 11.%0 11.50 11.35 11.25 11.20 52.70 ©50.80 50.60 49.85 50.30 50,55
T3 sz 307.00 306.80 301.10 300.10 300.40 298.20 12,65 12.65 12.€60 12.45 12.40 12.40 53,60 54.15 53.90 54.55 54.15 54.05
VM3 308.00 307.80 302.10 301.10 301.40 299.20 13.65 13.50 13.15 13,00 12.55 12.45 54.60 55.15 54.85 55,55 54,65 55.05
Ty sz 301,40 303.60 299.75 299.45 299,65 298.65 12.55 12.55 12.60 12.40 11.75 11.75 _53;60 53.10 52.70 52,35 51.75 51.45
VM3 302.40 304.20 300,75 300.45 300.65 299.65 12.85 12.70 12.65 12.70 12.60 2.50 54.70 54,10 53.70 53.35 52.75 52.45
T5 VMZI 302.75 300,80 299.95 299.95 299.65 298.90 12.90 12.30 12.30 12.10 11.S0 11.90 51.65 51.30 51.10 50.85 50.10 50.C0
VM3 303.75 301.80 300.95 300.55 300.65 299.90 13.00 12.50 12.50 12.20 11.90 11.55 52.65 52.30 52.10 51.85 51.10 51.00
T6 VM2 305.55 305.30 301.20 301.15 298.65 297.S55 13,05 13.05 13.00 12.55 12.25 12.45 61.65 61.75 60,65 60,35 59.80 59.60
' VM3 306.95 305.80 302.20 302.13 299.65 298.55 13.30 13.15 13.25 13.10 12.90 12.75 63.45 63.35 63.30 54,95 54.85 53.50
T7 sz 304.85 304.45 300.30 300,55 296.95 296.20 13.03 13.13 12.15 12.40 12.30. 12.15 62.45 62.35 62,30 53.95 53.85 52.80
VM3 305.85 305.45 301.40 301.55 297.95 297.00 14.03 13.13 12,95 12.90 12.80 12.60 62.45 62.35 62.25 54.90 54,90 53.80
T8 VMZ 300.55 300.35 300.60 297.10 296.20 295,95 11.00 10.70 10.35 10.20 8.85 8.35 61,45 61.35 61.25 53,90 53.90 52,90
VM3 301.55 301.35 301.60 298,10 297.20 296,85 12.00° 11.70 11.35 11.20 10.85 10.35 63.05 62.35 61.65 61.20 60.80 60,60
Analysis of variance
Source value CD value F value CD value F value CD value
sz VM3 sz vM3 sz vM3 vM2 vM3 sz vM3 vM vM3
* *k *ok *% N ot
Treatments 0.54 0.52 - - 377.54 527.81 0.16 0.11 6193.57 14361. 0.17 E.llo >
© kK * Sk %% 5 * x *k |
Exposures 169.14 177.23 0,60 0.58 354.60 319.38 0.06 5.91 1221.40 1048.78 0.13 .140
* % * % . * ¥ * * % * %
8,33 8.79 1.69 1.63 40.77 12.86 0.16 0.16 219.51 ©182,21 0.37 0.40



height decreagsed from 306440 to 294.50,4n T, 306,15 to
293495, in T, 307.00 to 298,20, in T, 301.40 to 298,65, in
Ty 302.75 to 298.90, in T, 305,95 to 297.55, in T, 304,85
£0 296.20 and in Ty 39@.55 te 295.95 on in doptrol and

3+0 kR ruspectively.

- The moan @«mﬂt heidht ’»afft hervest in mig raﬁg@ﬁ- from
301,55 (Ty) to 308.00 (T,) in eontrol, 301.35 (T.) to 307,80
(T3) 4n.1.0 kR, 300.75 (T,) to 302,45 (7] @naa,s kR, 208,10
(T } to 304.80 f?i},im Q;ﬂ IRy 297.20 f?”? to 302.10 {T'3
in 2.5 KB and 209,90 {T } to 254,95 em { 23 in 3.0 kR
{Table 9&}&_ “The ylamt height decreased from 307.40 to
296,00 éwi}, 3@?&255@@_2$é5§5-{Té3§ 308.00 ﬁmfg&ggzg {742
303,75 to 299,90 €T~}, 306,95 to 298,55 {T,) and 308.85 to
297.00 em (7,) in control and 3.0 ki f@ﬁ@@&ﬁi@@l?t In T,
and Ty it decreased Erom 304.20 (1.0 KR) to 299.6% (3.0 ku)
and 301.60 (1.5 kR) to 3%&;9& {3:0 kR)

b) Number of functionsl lsaves ggr'glang

- The number of lsaves in the wil, generatlon renged
frdﬁ,;laﬁa-i@%} £ 13.05 (T.) in control population, 10.70. .
(Tg) to 13.13 (T,) 40 1.0 kR, 10,35 (T,) ke 13.00 (1) in
1.5 kR, 10,20 (T ) %o 12.55. (Tg) inm 2.0 kR, 8,85 iw ) o
12.40 (73) 4in 2,5 KR and 8.35 (wé} to 12,45 (T.) in 3.0 kR
A(T&hieggb}ﬁ The leaf nunber decreased in 3.@ BR 4in ali the

sizes of suckers triad.
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‘ j -_ . The awmr of leaves in the: m\éa )
from. mu w@} to 14,03 {T;) in controls 11.70 (Tg) o
13450 (?33 in 1.0 KRy 13435 {T) to 13425 (Z,) 4n 1.5 m,
11490 (Tg) 0-13:10 (T} 1n 2.0 KRy 10,65 (1)) to m.@t
,g%g in 2.8 %:ﬁ and m,ﬁﬁ (75) to 12,75 (15) in 3.0 KR
(‘E’a%:al% s:«fasa.‘w | wwm *s‘l_ to Ty mm%&* @ﬁ Wafj«;j; daeoreaged frow
12:20 w m»am 12.18 izﬁi m;zﬁﬁ 13*% to maés* mﬂ% o
12,50, 13.00 to 11,55, 1330 to 12,75, 16,03 t0 12,60,

igi’: w %‘13& 4 39 c&?&ﬁ 3&’ m 3%&%&3}% ,

:‘:mim xmg@ﬁ

o) eiren w ‘peeudosten (in &n)
od by age and

ghe girth of poeudostem was determin

bize of suckers and also by the ¢

“okhey biﬁi‘iﬁ‘: @%awwmmu

: mzazx @im%; e&f ﬁ}&i&m@@aﬁ% &.3:1 %&,., rmmﬁ £rom
53.,;'55 (‘E’ﬁ) to @3*@5 (7,) in control, 49,80 {%) £0 62.35
(*;*?3 in 340 m%,, 45,60 wg; o 62+30 ct:.u}} in 1.5 kR, 40.85
14 Ty) o 60435 wa:; AN 2+0 kR, 49.10 taz} o 5%3@3 mﬁ;@
2485 kR m& 49,55 f%‘*ﬁ) #0560 e {fz*@} 4.3 M} W«a@m 9gds

t;‘j)iﬁh @ﬂ gﬁ&g,@%@z& é«n ‘%53 rmg;m :ﬁrm |

‘ .‘sz,% i*x‘ﬁ} £6. 63445 in y?e:.mi, sa,a@ (’xz@) m 63438 wﬁi

in 1.0 2@&, 50,60 (ffg} 6 63,30 ( ) :%n 1;5 KRy 49,85 (. )

to ﬁm.z& wa} in 2.0 ¥Ry sm:w w ¥ £0 60480 t*z*&} in

2,5 kR, and Et,.sﬁ t 3 to éamm e wg) in 3,@ TR wmm ve)s

%‘h& m&n
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1G¢.Flawering~charaétexa

- Bffect of éiﬁferent egtasuraa of gamma.ravs on v%z
amd.vv g@nmratxana on ﬁlﬁw&tiﬁq*chaxmcta s an ﬂi@£®xemz
2ge groups and si“ew @slanckers s presentad in-;ablm 18.
iraaﬁmﬂnt Sy Gxposures and thelr intersctions wer& siénifin
cant in dmyv teken to @hoﬁtingﬁ daye ﬁa&am frcm shaeﬁ

to harvest snd total @urataaﬁ@
a¥ Days taken to shooting

The i’ézays taken to shooting in v, ranged from
202.95 (Tg) to 223.55 (7 } in gontrol p@pulatxmﬁ. 202.85
Lo 225,05 in 1.0 kR, 202.80 to 225.50 in 1.5 kR, 204.05
226460 4in 2.0 kR and 203.55 o 228.00 in 2.5 KR. In 3.0 kR
the range was froi 204.25 (T,) to 226,60 {7y} (“i%‘abia 10a).
when the dose of the gamma exposures was increased, the

£lowsring duratich was alse dncteased.

| In vﬁg als@ th* ﬁagw takaﬂ L] shwatiﬂg variea
‘daggnﬁiﬂg on the @xpasures. age. gr@upu and ai»ﬁs @f suekera,_
It rangad from zﬁﬁwmﬁ to 204,85 in eontrol, 32?&!@ to
204.85 in 1.0 KRy 22?;46‘t§ 205430 in 1.5 2&; 228455 to
206,05 in 2.0 kR, 229.08 ¢o 205.35 in 2.5 kR and 230.40 to
206425 in 3,0 kR in 7, and Ty rﬁsyeeﬁiveiy {Table 10a).

Qn inereasging the maaw of gamms ray exposures, days taken

to shooting were also incrsased.



Table 10. Flowering duration (vM2 and vM3 generatioﬁ)

a. Days taken to shooting

"b. Days taken from shootind to harvest

" Total duration (1n daysj

Size of c -
suckers : .
Control Gamma ray erposures Con- Gamma ray exposures Con- Camma ray exposures
trol . trol
1 kR 1.5 kR 2 kR 2.5 kR 3 kR 1 kR 1.5 kR 2 kR 2.5 kR 3 kR 1 kR 1.5 kR 2 kR 2.5 kR 3 kR
Tl sz 223.55 225.05 225.50 226,60 228.00 225.45 98.60 98.70 98,70 99.10 99,35 99,10 322.15 323.75 324.30 325.70 327.35 324,55
vM3 226,05  227.10 227.40 228.55 229.05 230.40 99.55 99,65 99,75 100.05 100.25 100.10 325.60 326.15 327,15 328.60 329.30 330.50
T2 sz 219.60 221.10 221.65 223.20 224.35 226.60 99,05 99.25 99.35 99.45 100.50 99.70 318.85 320.35 321.00 322.65 324.85 326.30
vM3 221.60 223.05 223.65 225.20 226.30 228,45 100.05 100.25 100,35 100.45 101.45 100.70 321.65 323,30 324,00 325,65 ©327.75 329.15
T3 VM2 217.05 217.15 217.45 216.60 216.25 218.80 95.00 95.15 96.00 97.55 98.85 98.35 312.05 312.30 313.45 314.15 314.70 317.15
.vM3 219.05 219.35 219.45 218.65 218,30 220.80 96,00 96.15 97,00 98,55  99.85 99.35 315.05 315.25 316.45 317.20 318,15 320.15
Ty sz 215.60 214.50 214.05 214.80 215.35 215.95 96.00  97.55 97.85 98.80 99.50 986.90 311.60 312.05 312,40 313.60 314.85 314.85
'vM3 217.60 216,50 216.05 216.75 217.35 217.95 97.00 98,55 99,35 99.80 100.50 99.90 314.60 315.05 315.40 316.55 317.85 317.85
T5 sz 209,70 212.70 214.05 215.30 213.25 214.60 96.45 96.85 97.45 98,00 100.00 99.50 306.15 309.55 311.50 313.30 313.25 314.60
'vM3' 211.55 215.70 216.95 217.30 215.30 217.15 97.45 97.85 98,45 99,00 100.95 99,95 309.00 313.55 315.40 316.30 316.25 317.10
'I‘6 sz '207.85 208,00 208.80 208.85 208,95 208.95 89.80 90.15 90.30 90.40 90,90 90.50 297.65 298.15 299.10 299.25 299,85 299.45
vM3 209,15 210.00 210.80 210.85 210.95 211.51 90.80 91.15 91.30 91.40 91.90 91.45 300.65 301.15 302.10 302.25 302.85 302.95
T7 vM2 203.90 204.05 204.05 205.45 206.35 207.70 90.70 91.05 91,20 91,20 91.30 90.85 294,60 295.10 295,25 296.65 297.65 298.55
vN3 205.90 206.05 206,05 207.45 208.35 209.70 91.70 92.05 92,20 92,20 92.30 91.85 297.60 298,10 298,25 299.65 300.65 301.55
Tg sz 202.75 A 202.85 202.80 204.05 203.55 204.25 92.15 92.30 92,40 92,60 93.70 93.25 285.00 295.15 295.20 296.65 297.25 297,50
vM3 204.85 204.85 205.30 206.05 205.55 206.25 93.15 93.30 93.40 93.60 94.70 94.25 298,00 298.15 298.70 ©299.65 - 300.25 300.50
Analysis of variance -
Sources F value CD value F value CD value F value CD value
sz VM3 vM VM3 vM2 vM3 sz VM3 VM2 vM3 VM2 VMg
ok * % * % *k * % *k
Treatments 666.19 773.29 1.03 0.97 1239.80 2650.29 0.35 0.24 1790.83 1804.17 0.89 0.89 oJd
Exposures  18.55° . 68.3%" 0.67  0.39 225.88%  232.3%" 0.14 0.14 62.93°  216.89" 0.62 0.34 ®
' T ok * % : * % * . * % ' **
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

N



79

L) Days taken from shooting to hervest

The da% taken from shooting to harvest in ﬁﬁz in
the verious treatments ranged from 99,05 £0 8980 in
control, 99,25 to 90415 in 1.0 kR, 99435 to 90,30 in 1.5 k&,
99.45 to 90.40 in 2.0 kR, 100,50 to 90.90 in 2.5 kR and
92,70 to 90.50 in 3.0 kR in T, and T respectively (Table
100}. Increasing the dose of gamma rays deleyed the
haervesting of bunch. :

Diarye i‘:‘a?;em fram shooting o harvest in v&g rangsd
Zfrom 100,05 to 90.80 in centrol, 100,25 to 91.15 in 1.0 kR,
100.35 o 91.30 in 1.5 MR, 100.45 £o 91.40 in 20 kR,
101448 to 91.90 in 2.5 kR and 100,70 to 91.45 in 3.0 kR
in T, and Ty respectively (Table 10b). Days taken to
meturity of bunch imﬁ*éaﬂ;@ﬂ from control to 2,5 ki vhile |
in 3.0 ®KR treatment, the values decreased slightly in all
O reatinents. | |

¢) Total duration {in dave)

e total éﬂ@z@iﬁi@m of the crop maturity ronged
£rom 322415 (7y) to 294.60 (T,) in contrel, 323,75 (z,)
£o 295,10 (T;) 4n 1.0 kR, 326.30 (7 to 295,20 (%) in
1.5 R, 325.70 to (7,) to 296.65 (T, and 7,) in 2.0 kR,
327,35 (Ty) to 397,25~£%Q} in 2.5 ¥R and 326.30 (Ty) to
297.50 days (Tg5) in 3.0 kR (Table 10c). Camma ray exposures
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increased the total duration of crop compared to their
respective Ccontrole.

The totsl duration in wil, renged frem 325.60 (T,)
to 297.60 (T,) in control, 326.15 (T, ) to 298.10 (Ty) in

1.0 kiR, 327.15 (“rlﬁ to 298,25 »w?s' in 15 kR, 328.60 C'_.E"l)
to 299.65 (T, end T,) in 2.0 kR, 329.30 {T,) to 300.25 ()
in 2.5 kR and 330450 (? ) o 300,50 days 6?@) in 3,0 kRe

Days taken for harvest ﬁram 7, to T, vangad from 325.60 {C)

1

o 33050 (3.0 ki) (Table iﬁiiﬁ In Vi,

total m@&mr&ty was noticed under all th% gaMm&‘xay ax@mw

algo @ delay in

aur@m c@mmar&é == taezr reapvcnivm cantxol@,

11+ Bunch characters

Zffeut of variocus exposures of germa rays on bunch
characters in i, and i, generations in different age
groups and sizes of bugkers 5 : presentsd in Teble 1l.
Significant varistion among treatments and ox¥posures was
noted with respect to weight and length of bunch and number
of hande per bunch. Interactions vwere also eignificant

with respect to burich length.

a) welght of bunch (in kg)

The bunch weight in vMQ’xaﬂg@é'fram 3;@5 (?5} to’
'9;35‘(T53 in control, 5.80 (%5) ko 8495 (T;) in 1.0 kR,
5,10 (T,) t0 9,05 {Tg ) in 145 kR, 5.15 (T,) to 8.80 (Ty)



Table 11. Bunch Characters (vM2 and vM, generation)

Size of

Con=-

a. weight of Bunch (in kg')

b. Length of Bunch (in cm)

CT. No. of hands/bunch

Gamma I&Yy exposures Con- Gamma ray exXposures Con- Gamma ray exposures
suckers trol trol - trol
: 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 1 kR 1.5 kR 2.0 kR 2.5 kR 3.0 kR
T, wi, 675  6.50 7.0 6.50 €.30 5.90 30.45 29.19 27.19 27.05 25.05 22.20 4.10 4.00 4.40 3.80  3.78 3.75
W,  8.41 813 7.90 7.8l 6.62 6.10 31.45 30.19 28.19 28.05 26.05 23.20 4.50 4,35 4.35 4.20  4.10 4.00
T, W,  6.50 5.90 5.10 5.15 4.90 4.85 30.35 29.05 27.00 24,79 24.47 22.05 3.90 3.90 3.75 3.65  3.65  2.63
v, 8.3 . 8.1 7.8 7.69 6.60 6.01 31.35 30.15 28.00 25.79 25.49 23.05 4.35  4.25 4.20 4.10  3.90 3.80
L VM, 7.80  7.45 6.0 6.75 6.50 6.65 3219 31.19 31.04 30.04 27.30 22.05 4.41 4.25 4.23  4.15  4.10 4,05
wi, 9.05 B.65 8.74 7.90 7.55 7.30 29.95 28.85 26,10 26.95 25.95 23.95 4.95 4.65 4.55 4,55 4,40 4.10
T, VM,  6.75  6.50 - 6.35 6.30 5.75 5.10 21.45 30.15 28.55 26,60 27.25 27.15 4.15 4.18 4.15 4.05  4.00 3.93
v, 9,70 © 8.97 8.02 8.05 7.27 7.05 32,69 32.19 32,09 31.04 28.30 23.05 4.90 4.5 4.50 4.45  4.35 4,25
T, WM,  5.85  5.80 5.65 5.55 5.38 5.25 28.95 27.85 27.55 25.95 24.95 22.95 4.50 4.45 3,95 3,93 3,90 3.83
i,  8.84  8.50 7.06 7.35 6.05 5.55 22.45 31.15 29.55 29.60 28.25 28.15 4.80 4.65 4.25 © 4.30  4.10. 4.00
T, i, 9.05 ©.95 9.05 8.80 8.05 7.65 36.60 36.00 35.55 34,90 34.50 32.50 4.99 4.7 4.65 4.60  4.45 4.40
WMy .41  8.74 879 8.82 7.75 7.65 34.75 31.25 28.25 20.60 26.75 23.85 5.45  5.45 5.30 5.30  5.10 5.05
T, v, .75 .70 8.30 6.30 8.15 7.50 35.00 34.35 34.45 34,25 33.50 33.15 4.50 4.50 4.38  4.35  4.40  4.30
wi, 9.42  8.89 .89 8.30 7.65 6.65 34.85 34.35 31.45 30.05 29.05 27.70 4.90 4.85 4.75  4.70  4.65  4.65
T, v,  8.10 8.50 8.40 7.50 7.35 7.30 33.30 33.60 33.25 32.55 32.30 31.25 4.30 4.10 4.10 4.00  3.90 3.90
wi, 9.4  8.85 8.66 8.20 7.2l 6.05 33.85 28.35 26.65 27.70 25.90 24.85 4.9 4.65 4.55  4.55  4.45  4.30
Analysis of variance
Sources F value CD value & value CD value F value CD value
vM2 VM3 VM2 vM3 sz VM3 yMz vM3 VM2 vM3 vM2 vM3
Treatments  35.55°  396.33 0.68  0.07 1303.58" 683.1%°  0.34 0.18  6.41" 60.81°  0.41 0.15
Exposures 12.1% 4792.31" 0.38  0.04 641.98"  2705.46  0.20 0.14 12.2%%  14.68" o.16 0.16
Interaction  0.76 98.35" 1.06  0.11 87.24" 230,22 0.67 0.3 5, 0.30

0.43 0.44



in 2,0 ki, 4.90 (T,) tQ'Bblg‘gT%} in 2,5 KR, and 4,88 (Tgi
O T+65 kgxiT»? in 3.0 kR (Table 1lal. ?r&m‘@i o) ?@
increase in the doge of gamna exposures r@sulLe% in a

aQGWQaﬂe in bunch waight,

_ The bunch weight in vity ranged from 8,39 (T,) ko
9.70 (7,) in control, 8,11 (T,) to 8.97 (T,) in 1.0 kR,
7406 {T;) to BJ79 (Tg) in 1.5 kR, 7.38 (T;) to 8,82 (T,)
in 2.0 kR, 6.05 ifs) 0 775 (T ! in 2.5 kR and 5.5% {T )
€0 7465 kg {T,) in 3.0 kr (Table 11s). Hore alse bunch
weldht decreased due to the effect of different eRpOsIres

of gevma rays in différont sizes and age groups of suckers.
b} Length of bunch {in om)

*hﬁ‘haﬁmh length 4in éﬁﬁ ranged %ﬁﬁm 21445 (Tv} ko
36.60 (T;) in control, 27.85 {Ty) to 36.00 (7, } in 1.0 kR,
27.00 (4 25 te 35.58 (Tg) in 1.5 ¥R, %‘?QﬂiTz} o 34,50
(Tg) in 2.0 kR, 24,47 {(Ty) to 34450 (T;) in 2.5 kR and
22,08 (TEE to 33.15 cm (T§3 in 3.0 kﬁ,(Tahla ilb). From
T, to Ty except T, bunch length wes decreased from control
o 3.0 kR

The bunch length in mg renged from 22.45 (7 5) o
34,85 {T } in control, 28,35 (7, 3 to 34.35 iT ). in.iao:ﬁa
2&&5 (‘1239 te 32.89 (Té} in 1.5 kR, 25.79 QT,,) tO 3. 04 (‘I’ )
in’ 2.0 kR, 25.42 (’i’?) to 29.05 (T,) in 2.5 kR, amﬁ 23,05 (1,)
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£o 23.15 {Tgi om in 3.0 k8 {Tsble 11b). Fr@m'ii e Ty
except T; the bunch length decressed from control o

,3.0"'3 R
«) Nwrebw of hands :gser ﬁmmﬁ.
Thﬁ numh@r @f harda par huﬂah im v“g r&ﬁg&ﬁ fxam
. 3. Qﬁ tc 4«99 {Sontrsl), 3,90 te 475 (1.0 kR}, 3.?5 £
4465 (1.5 KR), 3. 6% £O 4460 {2.0 Rﬁ), 356‘ t0 4445 (2.5 KR),
2:63 0 4.4 (3.0 kﬁ) in T, and T, regpectively {Table licl,

Eram Tl o Té except 7 ¢4 number of hanﬁs.daareased from
cantrai 0 3.0 kR

Xﬁ>v%é %hﬁlgﬁﬂga was fram é.35 §o Egéﬁ Gcéntréibs
4:25 0 5445 (1.0 KR)Y, 4420 £0 5.30 (1.5 kR), 4.10 to 5.30
42,0 KR)s 3,90 0 5,10 (2.5 kR) and 3.80 to.5.05 (3.0 kR)
in ?2 and Tﬁ respeﬁtivmﬁy.

The numhér of hands gér bunch 6aaréased vhen the
dose of gaﬁna.ray SHPOSUTes zneraaaa@ iﬁ all Eba dififerent

age @rmuﬁa aﬂﬁ eimas of suckers.
12+ Fruit characters

BEfact of various exposures of gamma rays on frult
characters in difia@@nt agm groups ana4sxzas of aumk@ra
i5: presented in Tablﬁ 124 gigniﬁicaat varaatian amcng

treatments, gamma;xay‘ﬁﬁp@auraa and interasétions w&x@‘mat@ﬁ
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with vespect to number of fingere per bunch, number of
fingers per hand, length, girth and weight of finger.

a) Number of £ingers par bunch
| T%ra nunber of ingcr». Par bunch in Vi, x‘ang;eﬁ f:c:m

33.90 €‘1‘2} to 5150 CT63 in control, 32.70 (‘I’ } to 51,60
('Z* } in 1.0 kR, 31.@5 {(Tgd o 50.90 (T.) in 1.5 kB, 30,50

} tﬁSﬁ.@D (T 3 iﬁ E.GRR,« 31.16 (’3? ) to 43,65 (7T, )iﬁ
2.5 K& and 29.39 i‘i‘,z? o 492,00 (Tﬁi 1% 3.0 Kr {(Tsble &-2&3,}.
me numbar of fingers por bunch recorded by ‘i‘l ko '.1;3 in
. control population was highest oompared to thﬁ irradisted
populations,

t&t&abar cﬁ" £ingerg per bunch in W‘B ranged. from
38.90 {‘1’2} to 5000 éT ) in z:zmtx@ls 33420 1 5.3‘ to 49,00
4 14) in 1.0 kB, 32.05 (Tg) to M@@G éfi"a} in 1.5 k&, 30.50
(Ty) to 42.90 (T,) in 2.0 kR, 32.00 (Tg) t0 41.25 (%) in
245 KR and 2;9;%&"(%"3‘ to 36.00 {7,) in 2.0 kR (Table 12a).
The number of fingers per bunch ;ma@xc%eé by ‘2‘1 o Ty din
contyol population was the hichest comparaed o the diffe-

refit gamma ray treated populstions.

b) Rumber of £ingers pez‘* hand

The nurbsr of fin@er¢ per ha:zéi rafged from 9,20 ( T, )
0. 3,1..46 {Ta} :Ln control, 7«21 (T ) 0 11.71 ('I‘ ) in 1.0 RR,
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763 (Tg) to 1184 (T,) in 1.5 kRy 772 {Ty) to 11.98 (T,)
in 2:0 k&, 773 {;?5} Lo 12,13 (x;l-)_ in 2.5 kB ang 7.43 (i’é)
6 12, 41 « Tg) 4n 3.0 kR (Teble 12b}. From Ty to Ty the

- range wag from 7.21 €l§ﬁvk&}.t@ 12.41 (3.0 kR).

The ﬂumber af fing&xa yar hanﬁ in vﬁE ranged from
ﬁga (1, ) to 10.31 (T ) dn controly 6.84 (7y) to 1C.31 (T,)
m 1. G a»ﬁ, ﬁ.éﬁ? {*z' ) te: 9.'7*3 (*r } in 1.5 kR, 6.48 (1,) to
9,23 gxga iR 2.0 KR, 683 (T,) to 9,30 (To) in 2,5 kR and.
6433 (T,) to 8,44 {Ty) in 3.0 kR (Table 12b).

¢) Length of finger (in om)

Pingar 1&ﬁgﬁh in~wwg vangad from 23,55 €?;§ o
26490 (Tz) in c@ntral, 23445 (T } o 28.75 (T ) dn 1.0 kR,
21.85 (Ty) to 25445 (Tg) in 1.5 kR, 21.95 (T,) to 24,15
{7y} in 2.0 ke, 20441 {T,) to 24.90 (7.} in éaS kR and
20:85 {T,) to 22.50 em (Ty) in 3.0 kR (Table 12c), The
value ranged from 2041 (2.5 kR) to 2@#9@ {control).

: 9ing@r*1%ngth in v%s ramveﬂ ﬁrﬁﬁ 24,85 QT ﬁ'ha
2780 {&5} in control, 24.94 (Tk) LG 26.85 {% ) in 1,6‘Kﬁp
22.85 ﬁ?@) to 26445 (T;) in 1.5 kR, 22.95 (%5} to 26.18
(T} 4n 2.0 KR, 21,41 (7;) to 25.90 (7T.) im 2.5 kR, 21.45
(T,) to 24,50 e (T,) in 3.0 kR (Teble 12c). Irrecpective
of the sizes and:agﬁa of suekﬁra, al; the;higher doses of



qam@aafaﬁwjxaﬁucaﬁithg ﬁingﬁ#=i@ﬁgﬁh infﬁﬁé\§ﬁﬂ§$&ti$ne :
aj @ir%h-aﬁaﬁﬁﬂgﬁw:(iﬁ am)’

‘ The %ingav giéth'inlvﬁz r&mgmé fram 13,35 6”‘3 to
15.25 (L ) in Q@hﬁ?@lg 13,18 {7 } o 35.93 f? } in 1.0 KRR,
13.99 ITE) o 14, 85 (7 6) in 1. S KR, 12.05 (*r} Lo 14,79
(Tg) im0 2.0 XkR; 11.10 (T,} 0 15.80 (7} in 2,5 kR, 9.83
(r,) to 13.41 om (?&},in'zyﬁ“kﬁ=€Tabla 12d). -Inoreasing
the dose of gamma ray exposures, finger girth was decreased

Girth in viiy ranged from 13.58 {?5) to 17.25 (T, )
in Qﬂﬁ%ﬂﬁl; 13413 éT ) to 16.95 (T ) in 1,0 BRs 13.12 iTg)
to 15-@5 ( ) in 145 kR, 12,65 {? and Tg). to 15,79 €T )
in Enﬁ-kﬁﬁ 12,16 ( 3 to 16,80 (T } dn 2.5 KR and 1ﬂ,o3
szﬁ to 14.41 cm (T.) in 3.0 kR (Teble 12d). The girth
was ﬁéund to decreage in iy generation also, wﬁth,incr@asé‘

ing gamma ray exposures.

&§~waighﬁ of fingsr {in g

The finger weight ranged from 194,50 (7,) to 218.65
() in control, 177. 60 (T,) to 208,05 (7)) in 1.0 kr, -
169,85 (T;) to 213.00 T,) in 1.5 kR, 160.75 (Ty) to 212. 50
(T4} in 2.0 kRs 145.85 (T,) to 212450 (T,) iﬁ_ﬂi% kR and
104.50 (? ) to 176.50 g {” in 3,0 ¥ (7able i2e), Finger

wolcht decreased when gamme ray exposure incrsascd, It



- ranged from 104.50 (3.0 KR} to 218.65 (coptrolls .

* ghe fingar weicht in %’% ranged grem 199,50 (1)
to 33%?@ ﬁ*:%’ﬁ} in cont z::;,. amgaﬁ @%3 to 219,05 {Tg) in
1.0 KR, 174,05 (7,) t0 192,85 (7,) in 1.5 kR, 168.90 (T,)
to 208495 (Tg) in 2.0 kR, 158410 (T,) to 218,45 (T,) in
2:5 K&, wﬁ.?ﬁ %’T } o :’éﬁ?h%ﬁ © {7 3 m 3«@3 KR 5%3.& 12e).

13, Fruit guality analysis

| Bffeot of varlous exposures of gamma rays on Emm

qua;!.:a.%:y in different age grow

o and siges of suckers is.

- presented in Teble 13.  Significant variation smong tredbe
monts and m}@%ﬁf«s@ were noted with respect o sugey eoid
Yekics - ”@:@a‘*ﬁﬁ%mm@ fﬁ“’«'ﬁ‘ﬁ:‘ﬁmw@@ snd thedr interections were
gignificant 4n T8 Totsl suger, acddivy end gugariecid

rotide

a) Totel soluble selids (in per cent)

The kmal m},uhm am&.&m in vivig ranged from 20,01
t‘i‘z} to 26,70 {“ﬁ;}} in control, E@JE i‘i‘ } to 26.45 £T§3
An 1.0 kR, 19,08 i?.} £ 26,05 { ¢ and T} in 1.5 kR,
18.50 W ) %o 21415 (7, and. sgi in :%a@ W, 18.95 (T, 3 2o
. 20,85 {% Ty and %B in 25 kR and 17445 hﬁ} Lo 3&%
per dent (jm . end ‘I‘.,?It in :’ﬁi.ﬁ kR wmm 13a)s In general
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Table 13, TFroulr Coalicy Anslymis :vﬂz arsd 'H] gunerasioal

n. T.-5.85.(%) b. Tousl moces (i) 6. Acidiry () . Eusar ac1d ratls
Eizm Corym S==4 ray expaaure Con=- CETL Tay erponures Demn - JATEA TAF exmosured Con- Camma MAY SXpOSUred
of ol tral = el tral
S 1 kR 1.9 kR 2 kR 2.5 kR 3 kn 1 kR L.5 MR T %A 2.5 kR J.kA 1 ke 1.8 R YRS 2.5 kA 3 kn L & 1,5 %A 3 kA 2.5 48 1kn
%y Wy 0.0% 20,15 20.00 70.10 20.40 20,20 A2.04 32,31 32.91 4.7 34.17 3A5.0200.%0  0.47 A7 0.45 LR L 0.41 20.87 21.89 27.31 24.48 25.00 1152
YH, Z1.B0 21.80 30.50 20.70 21.30 21.20 02,24 12.51 33.10 35,11 34.37  35.60 a.d0 D.48 o.48 0.48 0,44 D.41 20,20 31,43 P3.4R 3I.EE 35.0% 27.E8
T, ¥, 0.001 0.0 1b.al 19.10 20.06 19.15 22.50 J3.72 233.17 13.f4 13.01 36,18 0,53 Q.49 D.47 0.45 0. 48 O.44 TDOEY 23008 2ALTE ELLES 3 CNa EELTY
wi, 21.00 21.02 20.0l 20.10 21.08 20.15 32.70 33.001 33.36 13,74 34.01  15.05 0.51 0.47 .47 0.45 3.4 0.41 I0.20° 7,45 T2.E4 d1.70 ZA.GE IE-WR
¥; ¥; 21.05 20.B5 20.55 24,15 20.30 20.05 24.88 35,20 15.57 36,17 37.50 37.84 3.8 0.4 .44 0.43 0.49 0.312 21,49 21.4%1 3779 I9.A7 N1.30 QALET
W, 32,05 2183 21.55 21.1% 21.30 A.05 34.68 34.53 I5.71 36.40 37.74  38.04 .48 .48 C.4al 0.39 0,34 G.38 23.E0 I2.ER  IEL.EA §E.TYE AL ES MILE
Ty ¥, A.35 I0.43 _20.40 10.0% 1B.55 17.45 31.73 34.08 31.97 35.9) JE.37 ¥7.16 2,40 044 Q.44 D43 J.41 .43 322.70 28,67 R7.G1 29.038 10,58 I0.5T
-.f’._l 21.83 20.85 Z0.25% 20,20 21.%0 20,35 31.91 14.37 J4.17 JE.13 38,57 I7.75 Q4D 0.1 0,39 0.33 0.8 D.41 Fie 24 B0 7i.89 33.03 §8.3 28.08
Tg ¥, 21.15  20.63 20.05 10.50 19.25 10.8% 30.14 32.29 13.6% 13,73 233.07 .04 034 Q.51 0.41  0.23 0.5 0.33 20.72 22.71 26.38 30.97 34.48 35,00
vy 21.20 20.80 20.10 17,10 18.4%5 16,83 133.34 33.%0 31.64 31,07 J3.97 34.16 0.8 D.48 0,41 0.36 0.11 g.31 19.49 1.4 240400 3NN130 0.9 3T.E0
T Wi, 2W6.E3 26.43 24.05 I1,1% 20,65 20,00 234.45 14,83 35,10 34,11 36.3F 40.04 0,43 0.42 0.43 0.37 0,39 Q.38 28,88 29.19 29,56 22,3 3NLA7 28.57
vy 27.73 27.45 7I7.05 1.5 .85 M .80 34.86 J4.88 15.33 17,83 3P.32 4D.24 0.3@ 0.8 0,18 3,35 B, 35 0.15 2£.50 26.74 27,12 X079 XL.AT 3.3
Ty W, 20.70 2W6.40 Z6.05 20,65 I20.85 Z0.BO 34.2% J4.54 IE.I0 37.44 3B.e AT.E% 0.4 0,44 0. 44 0.41 0.41 0.319 27.7% 327.14 79.08 10.83 02083 0E_E4
w4 23.30 24.50 ID3.%30 327.0% 22.20 21.85 34.46 D34.3%5 36.50 37,63 I2.31 19,74 0,39 0.37 0,23 n.23 0,37 0.34 20.47 75.88 2E.79 329.3% P4 .E] A1.41
Ty ™, 10.50 21.30 27.05 I1.15 20.85 19.85 34.34 J4.E0 IL.B5 IE.DY IELEY AT.T4 D44 T g.51 0,554 D.49 0.42 FI.52 F1.93 TaACSA] TN SETON DECER
'f".: 24 .50 24.50 Z3.05 I2.1% 21.B5 I0.63 34.34 34.B0 35.457 18,22 36.74 237.%4 0.3m 0. 41 D.48 .11 0.14 0.37 25.11 7% &7 1.9 T.4R - TALIE PO
Eralysis of varlenca
Soerea T valoa CO walug r valus g walus F valus £a valua F valus £ valus
$ - - - - e g Ka x e =y -1 il
"': 3 "-'“] 5 '«"-12 'L.':IJ Vi, vy vy J"-'J Vig Vily g 3 b k - ‘l“ J w1
Treat=ents  1001.88° ©021.23 0.10 0.10 4397 b’ 0,69 0.78 7.5 0,95 0.009 0.1 £1.43 .01 1.39 1.20
= , ee s .
Exposures 1113, 59 €74.89 0.11 .11 121.29 £7.:1 0.37 0.48  yrp s3" ST Ay e At ek ot -
Intersction 121.58 B9.75 5. 11 0.1 a5 -3 . 7 i = 2
. ; 143 1aom S ey 10.55" gl .ot .01 t.23° 170" 1.14 2.39



the values in T893 decrease with incresse in dose of gamma
rays., | ‘ | . |
 Total saluble $ali&$ mﬂ vwg raagud fr@m 21&31 §T $ ]
to 27g75 (Tﬁ) in contral, 2@.8@ {(Ty) t@ 2?*a5 5?6} in
11@ &R¢ 20.01 (?2} to 2?505 {2} én Le 5 KRy 1@*1a (Tg)
to 22. 15 (Tg) in 2.0 kR, 18.45 (Tg) to 22.20 (2,) in
2.5 kR and 18. B5 (7;) to 21.85 per cent (r,) 4n 3.0 kR
£Taml@ 13a)i Tﬁu highor ﬁygaaur@s gave a law@r v&lu@ in

188 in Vit gﬁnaxatimn.

b)jﬁatal sugarv(im per cent)

| The total suger content in fruits ranged from
32.04 (%) to 34.68 (” 5} in control, 32.31 (T } to 34.60
(Tg) in 1.0 kR, 32, 93 (T ) o 36. 30 (2;) in 1.5 kR, 33.54
(?é) to 38.13 (? ) 1n.2qa kRs 33, a& (T‘} to 38,22 (T,) in
2.5 ké and 34.04 (? 3 to 40,04 gar aa%t (T } in 3.0 kR
(xable 13b). Tatal sugar c@ﬁtﬁﬁt inﬂraaaeé vhen dose of
gamma euposure increased, in all the dzfﬁer@nt age oroups

and sizes of suckers.

. ?@L&l augar content in vﬁsi sleo increased with
1nﬁreaa$ in.axpas&r level aﬁ& it rangad from 32.?9 (T 3
to 34,88 {T ) in control, 32,51 (T,) to 34.93 (@ 3 iﬂ
1.0 kR, 33.13 (m 3} o 36.50 try) in 1 5 %R, 33.74 {? 3 |
to 37,82 (1) in 2.0 kR, 33 97 {T ) to 38,42 (7,) in.



245 kR and 34,46 (T;) to 40.24 per cent (T,) in 3.0 kR
(Table 13b). |

¢) acidity (in per cent)

The acidity in VM, generstion renged from 0.42 (%@}
€0 0,54 (T,) in contrel, 0.42 (Tg) to 0.51 (T,) in 1.0 kR,
0442 {Tg) to 0.51 {T) in 1,5 kR, 0.38 (T,) to @S54 (Ty)
in 2.0 ki, 0.35 {Ty) o 0.49 (1, and Ty? in 2eB KH, 0.33
{?g? o 0.44 por cent {?é} in 3.0 kn iwah&@riﬁaa* Aoddity
decreased when the dose of gama exposure increaged from

T, to T, except im Ty

Acidivy invvwg ganeration ranged from 0.38 &@@ and
7.} £0 0.51 (T, and T.) in control, 0.36 (T.) to D48 (T,
8 2 5 & 1,
T, end Tg) in 1.0 kR, 0.38 {T.) to 0.48 (T,) in 1.5 ke,
0635 (Tg) €0 0.5L (Tg) dn 2.0 kRs 0.31 (Tg) to 0.44 Ty
T, and Tg) in 2.5 kR and 0.31 (T) o 0,41 (T, T, and T,)
in 3.0 kR {7Table 13c).

d) Bugar ¢ acid ratio

The gugar + ecid ﬁaﬁi@-iﬁJV%ﬁlﬁan@@ﬁ»ﬁrﬁwzEﬂuﬁﬁ (7,)
to 28,88 (T) in control, 21.89 (7,) to 29.18 (%) in
1.0 ki, 22.31 t‘fsf*l'} €0 22,56 (Tg) in 1.5 kR, 22.71 {7} to
33.25 (Tg) in 2.0 kR, 24.92 (T,) to 34,62 (7.} in 2,5 ¥R
and 25,797 {Té) to 364,37 {?é) in 3.0 kR {Tsble 13d}. From
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T, to .fi’,? sugar acid ratio incressed with increase in doge

- of @amaa oy ouposures.

In m‘% generstion, it r&a&%z& ﬁrm mo@f@ ('ﬁ* } to
30,47 (%,) in control, 21,14 hs? to ﬁ&»‘?é&% ("'*5) in 1.0 kRy
23448 (%) to 27,12 (Tg) in 1.5 kR, 23,90 (xﬁﬁv&@-ﬁtévg (Tg)
in ﬁ@@ikﬁ%»zégﬁﬁ-ﬁwéé to 33.47 (7] in 249 kR and 26449 (Ty)
to 33.36 (T.) in 3.0 kR (Teble 13d)., Incressing the dose
HE gﬁ@;@m raysy suger @ acid E@ﬁm increasaed in all the

different sizes and age: groups of suckors.
« Induced m&arﬁm ggw

Stendardisation @ﬁ ﬁulmfa media ﬁoz* @%ﬁ@@tmﬁip ?mlmw of
bafians

In the pressnt mwgmga%mn saniegolid mﬁi&
deseribed by Bower and Fraser (1982) end Swamy gf al. (1983),
and iicuid medium described

by Krikorisn and Cronautr {(1984)
ng these, liguid mediwm of Krikerisn snd
Croneuey was found to be more effective. shoot tip cultures
wore euposed to 0«50, 0475, 1.00; ’3342% and 1450 kR gavma

were terdeds

rayss Out of this 1&@& h?ﬁ @mﬁ 3.@55 kR do not cené up m&l

on £ield trensplantation.

14, Growth chavacters (90 deys after plenting)

The growth chare@ters, mainly plant height, ﬂwﬁa@x
of leaves and girth of pseudosten 90 deys after planting
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as influenced by shoot-tip culture of banans c:ﬁﬁ'i’a aifferent

doges of gaﬁma exposures are depicted in Table 14.
a} Plant heioht

The control pc:g:uléﬁim" recorded the fim::immﬁ g:»lam "
height on the third month of planting and attained a~
Height of 67.50 am, Gamma erposures affected the helght
of plantlets and height was decreassd as "kﬁa dose mveal
incregsed. vhen 0.50 ki gomma exposure recorded a plant
hedght ©f 65,60 om, it wes 62.90 cm under 0.75 MR gamma

@33%},3@ IS

b} Number of functional leaves per plant

When the control mmmtmﬁ rocopded 9.00 leaves
por plants 0.50 and 0.75 kR ganma m.mﬁuma recordsd .50
and 8.00 msmctz.w}.y,

¢} @:i‘.g;:m of pseudostem

The girth of pseudsnsten was 8 em in control populaw
tion while it was 9,50 om and 10.00 ¢n vader 0.50 and -
075 BR respectively,

15, Growth charactors at the time of harvest

The mean plant heicht, nunber of leaves and girth

of pgeudestem et harvest as influenced by shootetip culture




?T&%;@ 14¢, @@&%ﬁh‘éhaﬁaﬁtﬁﬁﬁ‘@@ days after planting

Characters Plant = Number of Glxth of
Gamma ' halght leaves pocudosten
exposures . {ewm) - {em)

R .
8

8,00
. 143 » 2,50
075 62420 2.00 1000

c ! 67,50 - 9

8%

@Q%ﬁ , _v L 65480 B,

Table 15. OGrowth charecters at the time of hapvest

Charactars lﬁigaﬁ ) Number of eirth of
Gamma _ - height leaves pgaudosten
@xposures | {am) {em)

< 30150 1300

5080
" 0.50 0 - 294 .00 " 15.50 52,00
0,75 | 288,00 12,00 54,00
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of banana and different levels of gatma ray o¥posures are.

depicted in Table 15,

a) Plant heicht

The mascimum plant hedght at harvest recorded by
control population wag 3@1g5@.¢§; .On increasing the doss
of gamma ray eeposures from 0,50 KR to 0.7% kiR plant hedcht
decreased from 291.00 to 268,00 cms

b) Humber of faﬂaﬁienéi leavas yér'plamt

The Qéng301:yepuxétianrraeaﬁd@ﬁ gz.sé leaves a%
‘harvést-éh@m gaimnn enposures of 0.50 and 0.75 kR doses
were ‘given, 12.50 and 12.00 leaves per plant appeared
vogpedtively.

c) Girth of pseudosten

The control population racorded a girth of 50 om
at haorvest. Plants subjected to gemma exposurs of 0.50 and

0.75 kR showed 52 and 54 o respedtivalys

16+ Shooting charachers

Effect of VﬁriQU$vﬁ-x*$8$&$ of gemme Fays On
shooting charecters mainly daye taken to shooting, dews
teken from shooting to bunch meturity and total duration
as influcnced by shootetip uitures of banana sre depicted

in Table 16.
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uﬁﬁ@ﬁiﬁ@ @haﬁaﬁtaxs

Charactecs Days taken
camma
SHPOSUESS

Days taken
from shodte
ing to bunch
maturity _—

to shooting

Total
duration
(Qavs)

¢ 36
f?r?ﬁ@? _ o 389
0475 - 8

%0 445
92 450
81 447

Pablae 17

Eﬁﬁﬁh,ﬁhaﬁaﬁtﬁrﬁ

o

Characters Weight of

Camma  Burnich (ke
euposures

Bunch . {om)

&@ngﬁh of Nurber of
ﬁﬁﬁéﬁ/ﬁ&ﬁﬁh

¢ - 5.0

050 kR 6400
9475 BR ' BB

24,00
28400
26400




w97

| 'a) Davs paken to ghooting

sing by control population

Th% aﬁaﬁjs} aaimﬂ Lo show

wore. 356, | The gaune exposure of 0.50 and 075 kR showed

359 and 350 Qays respon tivoly.

' m Dayg tak:@m Erom shooting to bunch mamm‘mg

. The ,-.:1;;% w?ﬂem Em*a smmmw m izgmm mm:wmy

w~«ﬁ Ty f; a mmm}. nglamm wiag 90« Cammg awmw&

of 0,50 and 0,75 kB ﬁza 9% snd 91 dayp respectivelys

g

¢) Total durstion

The @ayﬁ haiﬁ@m %o ‘i% sat from gﬁ.@ﬁ ting revordad
i:’ay m@ @mﬁmi W?’%lék%iﬁﬁ was 445 days ’im&%% it weg 45&

m:y& and 447 G.50 ond 0.9% ki gaim

sures respectively.

17. Bunch charscters

Bffect of various oxposures of ganma rays in bunch

s mainly weleht of bunch, length of bunch, mumber

©f hands pey bmzﬁ& sy influenced by @mm»%tiz} cz;“mm@ of

‘banana is w&u&i&aﬁm in ’i'a%ﬁa» z,?ﬁ

a) weight of buach

The control population recordsd a bundch weight of

500 Eg/plmm i

16 it vas 6,00 and 5,75 kg under 0.50
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s

and Q.75 k¥R exposures of gamna rays regpactively. Here
the control population regorded the lowest bunch waight

and the highest by 0.50 kR ganma exposure.

b) Length of bunch

- The control population recorded a bunch length of
24 om while 0450 and 0.75 kR recordsd a bunch length of

28 and 26 onm regpectively.

o) Nunber of hands per bunch

The number Of hends per bunch recordad by the
control population wes 4 vhereas 0.50 and 0.75 kR gamma

exposures recordsd 6 and 5 hands per bunch respectively.

18, Fruit cheracters

Effect of various exposurées of gamma rays on fruit
charscters mainly nuber of fingers per bunch and hand,
length, girth and weight of fingers as influenced by

- shootwtip culture of banana are presented in Table 18.

a) Number of fingers per bunch

Here the control population recorded 35 fingers
per bunch vhile 0.50 and 0.75 kR gamma exposures recorded

48 and 47 respectively.



Table 18. Fruit characters

Chai‘act:éfsa Humber - Kunibor Length Girth wWeicght

Garng of of of of of
ERLOBULes S fingers/ fingers/ £inger finger finger
o . bunch ham _ {cm} {cm) {gm)
¢ 3&@" 8.0 20,0 . 15.0 141.4
0*5‘&@ 45@{3 . 1@*@ 3-.9@{3’ 1530 1?@3?

Table 19, Frult Ouality Analysis

Cheracters 83 | Total Acieﬁity Sugers

Ganma {in %) sugsy {in %) aeid
FRPOSUrSS in %) ratio
o 2600 34.50 0451 22,00
0450 25,00 35,10 0450 23,00

Qs75 24,000 35.30 G. 48 23,50




b)Y Nuwber of fingers per hand
. Here the control population recorded a mean of
B.00 fingers per hend whersas 0.50 and 0.75 kR gamma

exposures recorded 10,00 and .50 fingers respactively.

¢) Length of finger

The control p@puiéti@n recorded a mean fruit length
of 20 om while §,50 and 0.75 kR gamma esposures recorded
19 end 18 em respectively. The control population recorded

ehe highest fingsr length.

d) wirth of finger

. The control population recorded the mean finger
girth of 15.00 em when 0.50 and 0.75 kR recorded 16.00

and 16.50 em regpeativaly.

e) wWeight of finger

The control @6§uiaﬁi@nrraamrﬁaﬁéa.méam £inger
waicht of 141.40 ¢s, when it was 170,70 and 180.20 gu
undér 050 and 0«75 kR gamme ray ewposures respectively.
Here control recorded the minimum finger weight and

maximum was recorded by 0.75 kRe

18, Frult Quality Analysis

The data on fruit guality analysis of total soluble
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selids, total suger, acldity, sugariacid ratic are shown
in Table 19.
a) TH8

- The control population recozded 758 of 26 per cent
and 0,50 and Q.75 kR ganma exposures yecorded 25 per cent

and 24 y@& cent respectively.

b} Total sugar

The control population recovded a velue of 34,5 por
cent while it was 35,1 per cent and 35.3 per csnt under

D.50 and 0.75 kR r%$peﬁtiv&13?¢

@) Acidity
Tﬁ@ control population recorded the hidhest acidity
of 0451 per cent vhereas it wes 0.50 per cont and 0,49 per

cent undey 0,50 and 0.7% kR respectively.

@) Sugar:reld ratic

The control populetion recorded & sugarsacid ratio
0f 22.00, O©On increasing the doge of gamma ray exposure -
from 0,50 kR and 0,75 kR, sugar acid ratio incressed from
23,00 €0 23.50.



Plate 1. Chlorophylil deficient chimera in vf-’zz_
generation (top to bottom)

&s 1 kR
by, 3 kr






Plate 2.

Leaf size and shape variants mﬁmmwx
generation (top to bottom)

a. Variants having leaves with tapering end
b. Variant having broad & short leaves

¢, Variant with narrow, darker and thicker
texture






Plate 3, Leaf variants induced in vnl generation

a. Leaves with yellow and vhite streaks
be Leaves with split lamina
€. Stunted plant with crinkled leaf blades












Plate S. um;pho}.oq&eul variants in petiole

8. Variant with twisted petiole

b. Variant having number of leaves with
twisted es






Plate 6. Anthocyanin pigmentation of petiole

a. Control plant
b, Gamma ray exposed plant


















Plate 9, Inevitro shoot tip culture

a, Shoot formation
b, Multiple shoot formation






Plate 10. Induced in-vitro shoot tip culture

a. Root formation
b, Pot cultured plants












Plate 12. %—ﬁm plants showing anthocyanin
pigmentation oy

a. Control plant
b, Ex-vitro plant






DISCUSSION



DISCUSSION

The present investigation om "Induced mutabions
in banaua variety nendran Musa paradisiasca L.% way ﬁmﬁm@
taken with a viow €0 stendardise the techunigue of mubagen
treatnent and o assess the extent of variability induced
by gamma rays, Suckers of three age groups viz, oné, two
and three monthe 014 each in different sizes of pacudosten
viz, 25, 50 and 7% per cent vere as far as possible uged
ag the material for irpadiation, Sxposures of gosme rays
ab 1.0, 1.5, 2.0, 2.5, 3.0 kil and control were used, The
divect effect of the mutazen on growth and bunch characters
in the vii, generation and the variations erested in
productive traits in the vﬁfzg and v’fﬂﬁg generations wers
analysed in detall,
I, Divect effect of the mutagen

K;z the pregent investigation the -ﬂifzﬁi’emﬁ'%s euposures
of ganma prays produced a significant delay in sprouting
in all the three age groups of bemana suckers, The delay
wag found to inerease with increase in levels of gemma ray
SEPOSUPES »

Similar regults ifaavé beén repsried by ﬁ;mg@ry {1955,
1968) in Plgun end Favret (1953) and Caul (1967) in barley,
fttwal (1963) in Cicor. louis end Kadambavanasundaran
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(19732} and Shirshov and shein (1966) in €ield boans,
Sidorova gt al. (1966), Maslov and Stepanova (1967),
Nersingheni and Kumsr (1976) end Bhojwani and Kaul (1976)

in peas, Bajaj and Sesttler (1970) in Phaggolus, Alikhan

et ai. (1973) in Cajsnus cajans Venkategwarly gt al. (1978)
in gig@@ﬁ pea, Majeid (1975) in tomato, Bohera and Patnaik
(1979) in pmaganthus, Khanns and Meherchandani (1980) in
gram and Nadarajen gt gl. (1965) in redgram.

A”ha ooserved varied response on ixraﬁiati@ﬁ may be
due to one of the fa&l@wﬁﬂg thr@a reagsong. It may be due
o éif*crnﬂﬂ%& in tﬁe chrangaame complaments or due to the
initiation of cell divisions in some of the treatments or
thirdly due t6 greater time lepse between irradiatien and
xziantiag, It has alse been roported that it could be du
to the destruction of auxineg (Skoog, 1935), Smith and
Kersten (1942), Coxdon and Webber {1955) and Gordon (1957)
suggested that it could be due 4o inhibition of auxin
eynthesis rather than destruction of synthesised auxins.
Gross chromoscmal breakage in Trifolium subterransun
sub jected to Xerays and thermal neutrons were attributed
to the cause of reducad germinstion by Brock (1965),
Sinha and Codward (1972) working in Lgns gulineris attvrim
- buted .j!.t_ to physio=chénical disturbances or chromosomal |

ebsrrations.
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Irrespective of the size of suckers, the mean |
percentage sprouting reduced with increase in gamma ray
exposures. Panton and Menendez (1992) and Menendez (1973)
obtained 4 50 per cent sprouting in Musa Eﬁg@inata.by
s&aking.s&eés in BEMS solution. Pilippatti ﬁﬁﬂ-ﬁaﬁ%aﬁ@
(1984) obtained mutents with gomma rays gnﬁ BMS treatment
in the X, of Vicis feba L,,the percentage of emerged and
surviving plants decreasing with incxeasing:mutagah Sose.
Batta (1985) noted @ reduction in sprouting snd survival
due to gamma irradiation and it inereassed with increesse

in dose in garden roso.

Post=germination mortality gives a good estimate
of the direct effect of the mutagen. In the prosent
investigation, the survival pereoentace in all the exposures
was found to decrease with incresse in the dose of gamma
rave. This is in conformity with the cbecrvations of
Shirshov and Shain (1966) in ficld bean and Tecodoradze
(1966) in french bean md soybean, Louds and '
Kedambavanasundaram (1973 b} noticed a significent reduction
in the survivel of cowpsa with increase in dosage of gawma
rayse A similar result was reported by Constantin gt al.
(1976) in soybean, about 30 per cent of survival reduction
was observed in greencram causad by Xerayvs (Krishnaswami
gt al., 1977). Reddy gt al. (1977) noted reduced survival
percentage in groundmut by gomma irraedistion. Constantain
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and Love (1967) observed a roduction in suﬁv&val in
greenaram with- ineraaua in dose of ﬁha sane mutagwm.

muje@m and Greig {1972) in Phasealuf vulmari@ chserved &
progressive reduction in gurvival wath‘th@cinarease in
dose of gamma irvadiation. The same trend was reported

bﬁ; paleniswamy (197%), alikhan et ale. {1973) and singh
(1970) in rice, Gottschalk (1967), ﬁamulu {1974) in &@rghum
and Cheudhary {1978) in wh@at.

The following aytal@gieal ex§lanati@as are given
for reduction in the survival with increased doses of
dlrradiation. The reduction may be due to reduced goll
growth resulting from cytological sbnormalities or the
decrease in the ﬁyﬂﬁhﬁ&ig of auxins and other gmgsislagieal»
changes as obasrved by Konzek at al. 61363). Mitotic
abnormalities due ¢o irrsdiation r@au&ta in structural
chenges in the chromosomal complemants which interferas
with the normal gf@wéh and development of organs leading
to decreased survival percentage with increasing doses,
Gﬁﬁ@rs who have reported s mutagen dependent variation in |
-ssuriri,val are DfAmato et al. (1962) in wheat, Tomohira gt oli.
(1964) in Gagsic um end Datura and Sahib and Abrahem (1570)

in Gansieﬁm.

t@tzky et al, §1§64) regerteﬁ a reduction in
ﬁuerval by garma irxaﬁiati@n on 9@@&5 of wilﬂ diﬁlﬁiﬂ
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Husa balbisiens and rhizomes of Musas sepientum cultiver
Gros Michel. Dong gt al. (1985) noted that in tea cultivar
Fudingdabai, the survivel rete wes decreased by gamma

irradiation.

In the present investigation a decrease in mean
plant height 90 days after planting and at hervest was
noticed with increasing doses of gemma ray exposures in
comparison with the control. The same trend was noticed
in all the different age groups and sizes of suckers in

v@i gansration.

A reduction in plant heicht as a result of mutagen
treatment as wes noted in the present investigation has
bgen peported by seversl workers. Xwom and Im {1973)

reported that plant heicht was retarded by 10 to 25 kR

ganmae ray treatments in soybean. Louils and Kadawbovanesundaram

(1973 a) reported a grodusl reduction in the heicht of
seedlings with increasing doses of gamma roys in cowpea.
The sam@ trend was reported by Censtentain gt al. (1976)
in soybean and Xhanna and Msherchandani (1989) in gram,
Reduction in plant height %éizéw&mg gemma irradiation was
reportad in rice (8l aishy gt al., 1976), ragi (Goud gt al.,
1969 end Raveendran, 1976) and vheat (Kapcor and Natarsjan,
1870; Filev, 1972; Kogachenke, 19745 Ltvova and Konorovkaya,

1974). Duwarfness with short stems was reported by Koran
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£31959) in M, of rice,

In X, generation dwarf variants in cotton hybrids
wore obtained by Khan et al. (1981) by gamma irradiation.
akhund-zade (1972) cbtained dwarf mutents by gamma irradice
tion of cuttings, zesds and pollen of E&ga.pagagraﬁat@g
fed joa, Pistachio and almond. In Rose veriety 'Kiss of
Fire® reduction in h@ighﬁ'wmé noted by gamma irradiation

by Datte (1985),°
st

It was noted in the pregsent that incressing the dese
of gama ray exposures, decroased the number of functional
laaves produced per plant in comparison with control, 7The
- Bame trand was noticed in all age groups éf suckers, This
could be due to the upgsetting of emidatisnaxeﬁugtiaa Drocess
cells, inactivaﬁi@ﬁ of vital~@néym@sﬁa&p@ai&lly thosa
concerned with respirstion and imhibition in the rate of
assimilation and conseguent ehéng@s in the nutrien% levels

of plant as reported by Fhrenberg (1955),

Periodical cbservations, 90 days after planting and
at hagvest of plant heicht, nuvber of ﬁanéﬁianal ieawgs
and girth of pssudostaem helped ta‘datérmina>th@;ratg of
growth. Increasing the dose of gamme ray @ﬁy@gura\z@aultgﬁ
in 2 significent reduction of plant height, number of f‘_»
functional leaves and gizxth of pseudostem. Incressing tﬁe

dose of gamma ray exposure reduced the plant height, mumber
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of functional leaves 90 deys after planting and at harvest.
The girth of pgeudostem was also decreased in higher doses.
This showed that rate of growth was reduced by mutagen
treatment, Caldecott and smith (1952) cbserved & reduction
in growth of barley plants following geed irradistion with
Herayss Similar results werg obteined by Honzak gt al.
(1961) in vheat and woodstock and Justice (1967) in maize,
wheat, sorghum and radish. <rowth rate reduction could be
due o auxin destruction as reported by smith and Kersten
(1942). Pele and Howerd (1955) suggested that the possible
interferencs of irraﬁiéﬁi@n with synthesis of new DNA could
ke the causg, whiié Bvans and Sperrow (1961) épineﬁ %nat
the inflm@aca of ionising radiations on growth can be
attributed basically to the genic loss e o chremosomal
a%@rréﬁiaﬁs¢ Zvans et ai. (1957) and Evans and Scott
€198§3 reported mitotic delay as the major cause of growth
retardation in irradiated populations, resulting in reduced
growth rate. Hespiratory cycle is the méiﬁ matabolic
source of encrgy for growth. Ananthswamy gt al. (1971)
cbserved inhibition of gesdling growth in gamma irradisted
wheat geeds and aug@@sbed that tha adverse effect of gseedw
lings micht be due to specific effects on certain respiras=
tory system operating durding crop growth. Sinha and
codward (1972) pointed out that growth inhibition at higher
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doses may e due to chromogomnal abex crations,

| The role @f Du& in we&uein@ ar@wth 'in the mutagen
tzééﬁedAmatefiaia has been discussed by Simhe and Godward
(1972). Pollard (1964) has postulated that i¥rsdiation
atops DNA tranaariyti@h’and iaaﬁs o a decrease iﬁ-@aﬁs&m@&r
RNA vhich should causs & decrdese in protein syﬂéheSi& angd
growth. Compact types in pear shootss thicker then normal
for their length or in‘aﬁher'wﬁraey shoots with relatively
short internodss but similer diameter to normal ones by
mutagaéiﬂ agents wre ragcﬁﬁe@ by Devries gt pl., 1970.
bong gt al. (1985) noted a decreage in growth rate by gamma

irradistion in tea, cultivar Pudingdabai.

The flowering durstion increased with inéraaﬂe in
gamia ray e%p@sure$1 Enﬁraasiﬁg the doges of gamma ray
exposures of banana auﬁkara xa&ul&eﬁ in an increase i
the number of days taken to shooting, days taken ﬁram
gheoting to haxvem£ and total duration increaseds Plaﬁts
wiﬁb varyiné lawerﬁﬂg hab*ts such as eariyg 1nterm@&imt@
and late flowering lines w@rm obtainad @y Abrams and
Portune (1962) in plgeon peas. Rudraawamy {1984} @hsefv@d
delayed flovwering at hicher doses of gama rays in horses
aram, Louls and Ka&émbavaﬂaﬂunﬁaram {1973 a) in coupea

and Khan (1964) in mungbean reported similar results.
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Kerkedze and Kutateladge (1979) cbtained sarly
ripening mutents in citrus by gamma irradistion. Khalwal
gt al. (1984) cbtained 8 sarly maturing and high sugar
content mutants by treating with gomas rays and =M in
sugarcane. Lapins (197%) obtained useful mutations
altering the ripening time of fruit by Colichicine treate
ment in three diploid apricet culeivars.

In the present investigation, increasing the dose
of gamma exposure resulted in decroase in bunch waicght in
all treatments except %ﬁ wre 2 kR gamma exposure recorded
the hichest bunch weight. A reduction in mean yield as a
result of mutagen treatment has been reported by Papa gt al,
{1961) in soyabsan, using vhysical mutacens, Vesudsvan
gt al. (1969) cboerved increese in mean yield in barley
at the highest s¥posure of K»xay$¢ Matsue and Snozawa
{1961) concluded that mutaticns of polygenss could ocour
in plus as well as minus directions in the gase of grain
vield in rice after irradistion. @riﬁfiﬁha-aﬂﬁAﬁahnst@m
{(1962) shaw@d’ﬁhat'im-aats seed lrradiation caused mutaw
tlons with regard to yield only in the minue direction.
Reo and Sladig (1977) induced varistions for yield and its
camponents in two varietles of rice and suggested thet the
chenges in the mean value varied with the variety, charace

ter, mutagen and the generations, They opined that the
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negative shift in the mean yield need not make breeders
@@é@i&aa& about the usefulness of mutation breeding for
yvield irprovement. Hukimura and Kovyama (1982) obtained
mutent clones in sweet potato Ipomea Datatus (L) Lam with
short and long stom,had decreased and incressed tuber

yield by trestment with gomma rays end EMS,

In the present study, inercasing the dose reduced
length of bunch and numbor of hands per bunch. A negative
' shift in mean panicle length following Yeirradistion has
been reported in rice by Sakal and Suzuki (1964). Kavar
{1976} has also reported a similar reduction in mean panicle
1&ngth in rics, sokal and suzuki (1964} rép@r%eé a decraage

in mean expression of polygenic charecters like number of
penicles after Xeirradietion in rice. Tanska {1968} found
that the distribution of variants for certain quant&ﬁ&tiﬁ%
charscters was skewsd and therefore stated that mutations

for polygenes cccurred mostly in a negative direction,

| Number ©f fingers per buneh and per hand, length,
girth and weidht of finger decressed with increasing the
dose of gamma exposure, This micht be dus to the delay in
 the initigtion of flowering, ivhibition of growth and
reduction in fertiliny. sSimilar reports have Been made
by iouds and Kadambavanasundaram {1973 aﬁ and Harsinghani

and Kumey (1976) in cowpea and Swarup and ¢ill (1968) in
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french bean. Virupaksheppe gt ale. (1980) reported that the
mean values for the nunber of pods per plant and sced
weidht in mutagen treated population were lesser than that
in untreated populations.

Yaghvir (1977) in gbelmoschus aaéﬁl@ntu§ ébtainaﬂ
a decrease in £ruit length in Mi by Hwray end EMS treate
ment. Conformation with the results obtained in the present
investigation, where the finger length decreassd with

increasing the dose of gamms exposure.

A reduction in mean values as was roted in the
present investigation, hes been noted by Bhatia and
Swaminathan (1962) and Berojevic and Borojevic (1969) in

wheat, Brock {(1967) iﬂyﬁxéﬁ@fgm§£$ and caul (1965, 1967)

in barley. In extensive studles performed by Scossiroli
{1966 a, b) and Scoseiroli gt gl. (1966} on wheat, thie
effect wag shown in the sams population for a largs nunber
of charscters. Mish and Yamaguchi (1965) ascumed that
following gamma ray treatment in rice, mutations £or most
of tha guantitative éharactars ogourrad symetrically in
plug as well ae minues direction. CGaul (1285) found that
induesd micro and macro mutations in berley do not follow
any perticular direction and that they are st randcm.
aastveit (1968) also opined the seme for gye following

irrediation.
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In the present inveﬁtigaﬁioﬁ, ﬁruit quality analysis
showed that total soluble golids and scidity decreased
with increase in dose of gamms ray oxposures in vﬁia Total
sugar content and sugar § acid ratis incressed with increas=
ing dose of gamma ray exposures. Deerease in acid content
and increase in sugéf ¢ acid ratio aré found o increase
the guality of banana fruit. Thouch the size~a£ the fruit
has been ﬁecr@ased sdgnificant incr@ase in aua1¢ﬁv has
resulted in th@ present study. This is a very usesul
reguli,

Chlorophyll deficient plaﬁas

In the present investigation, chlorophyll deficiency
vas noticed at lower doses in cartain plants due to gamma
izraﬁiaﬁisn. The éiﬁiar@nt ty§aa of chlerophyll deficient
plants observed include Striata and Chlorinas The strists
type wes found in greater freguency than the other type
(Plate 1). |

Chiorophyll dimgrgégiﬂﬁtiﬁn is one of the many
effects of irradiation (Gustaofsson, 1947). an incresse
in the frequency of chlorophyll mutation with inoressing -
doges of radiations was reponted hy'aev§ral investigators
in rice, Matsuo gt agl. (1958) and Masima and Kawal (1959)

reported that mutation frequency reached axm@@imnm at
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moderate doses @f'%m@ay$?énﬁ'gamﬁa'&aﬁg and decrensed é&
higher dbees. Louis and Kaﬁamhavanawundaram (1973 b)
x@yw;taa the occurrence of alhﬁn&, xaatha. and viridis
mutants in cowpea ﬁ@li@wing gemna irradiation. & wide
spectrum of chlorophyll mutations in Lathyrus sativus wae
obtained by gamma irradiaticn (Chekalin, 1977).

in tha @xesenﬁ invaaﬁ&gati@nﬁ %hl@r@yhyll ﬁ@ﬁi@acnt
patches wwr@ coserved on the leaves in high@r ﬁ@ﬁ@@ of
gewna ray axpasur&s, Similap rasults have been obtained
by Ojomo and Chheda {1971) end Appa Reo and Jana (1979)
in cowpsa,

Morphological vavistions
a2} Leoaves

In the present investigation, & few plants were
found to pogsess leaves with altered size and shape due to
radiation treatment (Plate 2), The leaves were reletively
nerrow with derkerx and thicker temture. Modifications in
leaf sige and shape have been roported on similar lipes
in many @laéﬁ g@ﬁ@fa as a cams%qu@heﬁ of éut&g&m treatments.
Sinch gt ais (1939) reported variation in shape and 512@ of
leaves of gosgypium hirsutum following irradiastion. Patel
and Datta (1960) observed narrow leaves following Heray

treatment in Cerchorus cagsular;s. In the present study,



the leaves were noted with yellow and white streaks (Plate 3)
as well as stunted end crinked leef blades. Plants with
spliie laming were also natiaeﬂ c6n$qu@nt‘ﬁ@ gammasirxaﬁi&*

tioft,.

Narrow leaves were also reported in chillies .
following Xeray treatment by Schib and abraham {(1970),
Raghuvanshi and Singh_(lﬁ?%)‘abservaévéaﬁm§1@@ leaves and .
diesected marging in Irigonells foonumorsceun following
gomma ray treoatment. Koshy and Abragham (1978) noticed.
pr@graasiV@vraéumﬁimé in size, distorted shape, irregular
lobing snd ehange in texture of leaves in pbslmoschus .

goculentus following gamma ray treatments.

xrvin@ (1940) held the view that abnormalities
cbserved in leaves after irradiation could be due to the
ﬂisturbanées-aﬁ phytochromes as a result of irradiation.
Melselman g al. (1961) stated that the irradiation induced
abnormelities such as reducticn in the number end size or
d@ﬁérmaﬁi@ﬁ of leaves micht be dus to chx@mesamai abarraw
tions. Moh (1562) attributed activiey fgﬁm the éentra o
the flanke of the apex of the leavesg.

Sorianc (1971 1972} by cawna irraﬂiati@n‘abﬁaiﬁeﬁ
aberrant leaf charascters in sweet potato, Hiu (i@??)van&
Hiu gt al. (1973) obtained plents with darker lesves after
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treatugent with 5.0 kR of gouna rays in svest potats,
Fortuns and Maldonado (1 ;:72} obtained ouwtants with drastic
leaf ab@rmﬁziws in r%:ivames of %nma cultivay Grog si&cﬂal
by gamma ray Lveatment., Ras and Girdras {1975) obtained
irradiated plants having thicker end darker leaves 4n
bhindl by Xeray and gasmg irméia‘sﬁ. ons Aleeva (1981} in
- Bourcheryy x'epaz*t@ﬁ semidvar? plonts %z:i th ﬂ:aamw ;’mﬁf
thicker leaves by gamma and Ye-irpadistion in vi, genorae
tion, ' | |
b} Dichotomy

Petiole and stém dichotomy (Plate 4) was observed
in the irradiated population. % a result of dichobouy,
bifurcation of the organ cccurs, 1t is well knon t}zaiz
this results from the death of the apical celle in irvas
eourt
and Contant (1966) observed he occurrence of faseijotion

‘diated materials and mgm@mﬁm of two aplces. Hettg

and bifurcation of stem in tometo as a regulay feature
Follawing chronic game lrrediation, Singh and Mitra
{1967) obtained bifurcstion in Hibiscus with Xeray treate
ment, Stem dichotomy in apple and peaches was esused by
gamma irradlation (laping gf nlss 1969). Bifupcation of
gstem ecould be explained on the busis of ,ﬁégeﬁwat’im of
affected meristen in Barley {(Mackey, 1951). Bishop and
Asdders (1955) ettributed it to the delayed expression of
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gome chromosomal effect, HKushnert (1962) explained thae

it may be due to enlargement of the Qﬂntwal}é@l&s\eﬁ’tun&ma
aleng a vertical axis ﬁ@ll@waé,byb periclinal divisions of
the cells. This rasults in the aisplacémaﬁ& of activity
from the centre to the flankg of the gpex, A$‘a rasult;
two ﬁ@w‘apic&l~ﬁ@ria&émé,ﬂﬁu1& davelop. zn:aﬁ@ case of
leaves also gifuxa@ﬁian of paﬁi@1@ and'a@pﬂaraﬁgalaﬁ Two
leaflets at the same node have been reported by Raghuvanshi

and singh (1974), in Zriconslla

foenum=-cracoun. Tho cause

of this may be the same as for the oucurrence of stem

dichotany .«

In gome of the irrediated plants twisting of petiole
was seen (Plete 5). In one verfant a number of leaves with

twisted peticles wore produced from one sucker,

Induced polygenic mutation in vil, and vil, gererations

The gamma ray induced variations in the v, and
Vi, ¢enerations were analysed in various growth perameters
for yield and other yield attributing charecters, A decrease
in mean @lané.haight 20 days aftexr ylamting‘and_am harvest
was noticed with increasing doses of ganma ray oxXpoSUres.
The seme trend was noticed in all the different age groups
and sizes @Et$uak@ra-ﬁmth.in‘vmg aﬂﬁ~vm3 generations.

Mutanta showing dwarfnesas with short stems were roportad
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by Tedin and Haghsrg (1952} in M, of Lupinus luteun
Hackbarth {1955} in My, of drradisted I.uum,ﬁus% ,eai-_ bus, Korah
(1959) M, of Qryza. Sakai and Suouki (1964), after

Heirradistion in rice, reported that mutation of polygenes

responsible for guantitative charagters like plant height
gcours in most ¢ases unidirectionally in minus direction.
Sree Rangasemy gt al. (1973) cbserved that greengram plants
trested with gamme rays were shorter than the pavents.
Neyar ;é&%’?ﬁ-} ﬁaunc?s significant reduction in mean valgaa in
M, and My gonerations of six polygenic¢ characters including
plant height in rice following gama ray trestments, Manju
and Mercy (1582} also é%&taixaeﬂ plants with reduced height
in horsegrem by gamma irradistion. Vasudevan et g1. (1984)
chtained ersct mtﬁanm showing reduction in ﬁlan&. helght

in MS and M, g@ﬁ&raﬁiﬁﬂﬂ of Vicna Ws

in :gxfaaza 2 yaduction in geadling mi@ht ny gama
itradiastion wes noted by Narsinchani end Kumar {1976) ®
Xerkadze and Kutatelsdze (1979) in gitrus obtained Guars
mutants in M, @neratibn by gemma irraﬁiatﬁﬁm Duare
mutants wam obtainad b’y ¥han gt 21 ; {1961} in 3-1& and ®,
gensrations by Gemma, mmiaum of mt%:@n hybridss Similay
. resulks have been 1""@@2?&@& by Zimu:?.:a and z&aé‘mﬁaavaﬂaﬁmﬂax‘am
{1973 &) in aawma and by Khan ii@éc}) ,.ia mung%aeam
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The gamna rey exposed materials s?@w@d"a‘re&uctiaﬁ
in méam leaf a&mhmr. inﬁrmaﬁang tn@ ﬁﬂm@ ex gameis ray
&ﬁﬁ&mﬂf@& the mean leaf number 9@ days aft&r planting an@'
et harvest was reduced in v%z end vi, genaz&g&&ns, “The
mean girth of maeuém tem in ¥ .? generation éacraaueﬁ with
inareasing @QB@ of gamma ewposures. In v, eneraticn
alao increessing the dose of ganma %x*13ur@s¢ girth of

pé@uémsﬁ@m ﬁaere&s&d,§ragtﬁ$si?@ly from conteol ﬁ@'%.@‘kﬁa

iﬂ‘th@ ﬁxesant,étu@yj 8 delay was nétéﬁ.in thé'
 flowering and harvesting of bunches in gmg anﬁ.vwa generam

tions on increasing the ﬂmse of gamma @wgasuﬁea,

zvﬁraaﬁ@ in the dﬁ%@ @f gamme ray‘@xmwaar%s xaaaltcd
in decresse in the nunﬁh eﬁaractar values such es muﬂch
welght, bunch laﬁgth.@né number of hands p@r\bunahg HMatauo
28t al. (1964) vho observed significant @ifﬁ@xéﬁaaﬁ atwaen
M, mutants and control with respect to weight of panicle
in rice reported that mutation in polygenes could pcour
in positive as well as n@g&&iva directions, ?bis—mig%h e
due to the delay in the initiation of fl@ﬁariﬂgg inhibition
of growth and reduction of fertility, |

In the present inwégaig&ki@n iﬂ@?@ﬂ%iﬁ@'ﬁh@ﬂéagﬁ of
gamma exposures resulted in decresse in the f@llﬂwiﬂg
ﬁrhi& charectars viz. number of ming;fm pay bunch and hand,

finger girth and finger woight. Similer reports have baen
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made by Louis and Kedambavanasundsram 519‘73 ay and . -
Narsinghani and Kumar (1976) in coupes: and Swarup and Gill
{1968) in ‘ﬁrém:;-hbséam ‘virupskshappa gt aly (1980): reported
that the mean values for the number of pods pér plant and
seed weldht in mutagen trested populations of cowpea were
lesser than that in untreated populations.  The negetive.
shift in the means of the treated population from the mean
of the ctntrol agress with this finding,  Higher doses of
gama exposures raduced the frult lengths Significant
differences in the mean values of ganmle lsngth among
“frdated and bmt%a@a troated and eontrol 'p’Mﬁt@ ware. ehmmé
by Matsuo gt et ale (1964) in Mg z*emrm:ﬁcm of rim.

Variability c:mamﬁ in waa g&mrmim in the present
stucf was tlghey than i, generations This is S.n agreenent
with the result obtained by Sakai and Suguled {3%@3 in
¥wirradiated paddy. Pstel and sséammathm {1961) reported
a wide rangs of warlability in Mz M and B ‘% .gemz.“at:i@ns
of irradisted tobacoos

Nayay and Ninan {1978} chserved that :;am& ray
exposures resulted in s sionificant reduction in mean
weight of pgniﬁl@. in ¥, end M, g&ﬂamﬁim@ of rice compared
to control. A similer regult wae obtained by Lekhe Rand
(1985) in chillies in N, gererations |




The number of ﬁzﬁita por plant and fruit length
reaagﬁed a degraase nitﬁ.;anraaae in doses oOf JamEna raySe
This micht be due to the delay in the indtiation of flowere
ing, inhibition of growth and reduction of fertility.
Similer reports hove been made by Louis and
Kadambavanasundavam {1973 2) and Harsinghani and Kumer
{1976) in cowpea and Swarup and ¢ill (1968) in fronchbean,
Virupskshapps gt al. (1980} reporved that the mean values
for the mumber of pods per plant and seed weight in mwtagen
treated population of cowpea were less than that in
untreated populations. Yashvir (1977} ‘n_Ahevv

Ssculentus obtainad varlations in fruit l@ﬂgﬁh wh@n low

dosge of Xeray and BMS wsre useds

Fruit guality analyais in the present gtudy showed
that total s@imﬁla‘$0liéﬁ»anﬁyaaiﬂity valuss docreased with
incresse in dose of camma ﬁ&yﬁ'iﬁ Vi, anﬁ\vﬁg gangration,
T@ta&‘aagax content and sugersecid retlo incrsssed with
inereasing doses of gamna GXDOSUTED in v, end VM, ganerae

tiong.

Kukdmura and Tekemats (197%) roported that mutants
with increased as well es reduced sugsr content werd
cbtained after trestuent of shoots, dorment oot tubers
and seeds of sweet potato with gamma reys and ethylens
imdne,
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bacay (1977) studied the mutation spectrum of apple
varioty Cox's orange Pippin ifrvadiated with 7 kR cawma
rays found some mutations for dwarf type. Ma jority of the
mutants 4id not produce enouch good quality fruiks to
become conmercial but it has been suggested that acceptable
compaet, forms with desirable fruit guality can be found
whon sufficdent mutants are produced.

Khairuel gt gl. (1984) obteined by trestment of
gena yays and NS, hidh sugay mutants and mutants with
increase for most guality characters over the control in
sugercane. Sherma gt al. {1983) | in mango reported that
by gamma irradiation fruit cquality was fmproved. Rukimura
and Kovyama {(1982) cbtained a fow mutant ©lones superior

in total ougar content in gwoot potato,

Horphologicel vavistions

~ The morpholegical variants noted in the present
investigation in w:zg and %43 genarations wore dichotomy
(Plate 4) and anthoovanin pigmentation of potiole of leaf
(Plate é-} + Fortuno end Meldonads (1972) obtained onie mutant
with more intenge piomentation by CJesnms .imféﬁiati@m

Fingers

Double fingers wore produced in cortain plants
(Plate 7) whi¢h is a very rare phenomenon in Nondran varietys
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poubling tendency like double gpikes, double péﬂwngleﬁ

and double kernels were observed by Sethbl and GL11 {1969)
in barley £9llowing gamma ray treatments. Roshy and
Abpaham (1978) noticed twin fruits in the My genevation of

bhindl .

In the present study, it bas also been observed
that some of the abuormallties are not hepitable. The
apecific changes which lead to the initiation of asuch
| changes are gtill unknown but these could be dus €0
phyeislopical disturbances o9r hormonal i@%&l&a@%a,'e?ﬁateﬂ

due to the direct effect of the mutagen.

Suckering was early in gama irrsdigbted plant than
control plants (Plate 8). This may be due to the eprly

stimulation of suckers initials by irradisbion.

Bs Inevitrs induced mutagenesis

The present imvestigation also attempied to stan-
dardise im-vitre techniques in relation to induced muta-

gemesis in banapa variety Nendren (Musa paredicises L.)

using shoot-tip éultu?e. The main objectives envisaged
inaiuvde standardisation of shoot-tip culture Hechnique for
mubagen treatments and analysis of the ewxtent of croated
variability for all the productive traits. The resulis that

have emanated out 2f the investigation are discussed below,



1., standerdisation of culture media for shootetin culture
lc_:aic‘: banana ' ‘

“In the present investigation the MS mediun fiodified
by three differant workers was tested. 'Tasaa@.m@ﬁza'éﬂeiud@A
semd solld media describad by Bower and Frasor (1982) and
swamy gt als (1983}, and liquid medium deserikicd by
Rrikorien and Croneuer {1964). On comparative enslysis
it wﬁ&is@an that the medium. deseribed by Wrikorien end.
Croneusr gave a batter growth and an esrly tissue differons
tiation. Standardisetion was done with shootetips isclated

Efrom three month old suckers (Plate 9 and 10).

The various results obtained by using Krikorian ang
Cronauer mediun for shoot-tip culture isolation and diffge

rent lovels of gamss exposures are discussod below.

Mean plant heidht 90 devs after planting end ag
harvest recordéd by control yﬁguiﬁﬁimﬂ.ﬁ&ﬁﬂﬁhﬁ'h&@%@ﬁ&a
in tr@at@ﬂ;gayalati@n as the dose of gamme auposures
inereased plant hedght decrcased.

A sindlar cbservation has bosn reported by several
workers, Yang and lee (1§8&3 reported that in banana
variety ‘Hsienwjon=-chiao® dwarf mutanits were obtained by

BME and diethyl sulphate treatment in Whiéh~$h@@ﬁiﬂg heddht



wag 50 cm less than in the original cultivar by BMS and
dlethyl sulphate treatment. [warfness was reported in
shoot apex isolates of banana variety, *Heien=jen-chiac®
and *Felechiac® Wéaﬁ to gamma réyé by Huang and Keo
{1579). Sunnino gt gl. (1986) obtained dwarf type mutants
in mé;atcs variety *besirest by ma irrediation,

The nm‘nm_x of functicnal leaves per plant 50 days
after tmnaﬁ@ring vta §i&l—ﬁ’ was highest in control populae
tion.j on im&miﬁg | the dose of gelnna exposure, mxbar of
functicnal leaves decreased, The number of funotional
1@@@’&5?& harvest was aleo higher in the control population.
zmréésing the dose of gamng &m.sum, the nurber of lesves
was #éﬁuéa&; Tﬁ«a minimum. nm of leaves was recorded by
0475 kR exposurcs | |

| The gi#’t’h of peoudostam 90 days after planting
was highest in the .75 kR exposures and lowest in the
contzol, populations The 0.50 and 0475 kR exposures recorded
highest girth of pseudostam i’:mn control population. The

Sang :trend was noticed in the girth of psoudostem at harvest,
De Gusman gt al. {1980) noticed s reduction in girth of
psa‘ué@stm in banana variety *Bungulan® at 2.5 kR gamus
irradiation of shoot tip explants. vhen, inwitro derived
plants were estsblished in the field, those derived from
ixra&iaieaé explants were similar to or sametimes bottey



than those from unirradisted explents with raspect o

girth of vseudostan,

in this study, the days taken to shooting was |
decreased, when the dogse of ¢omma exposurs wag increased

from 0,5 kR to 0,75 %R The same trend was oboorved in

days taken from shooting to bunch mawriizy' &n@ tokal
duration.  In all these cheracters the control gég:suhﬁim
recorded, the minimum number of days and 0,50 kR garma
exposure recordsd the mawdmuwne -“Zha- early growing of
suckers as & result of hicher exposure of gamma rays -
noted in the me@@nt» invastigation ﬁa& alae been reported
by Huang and Xao {1979). They cbtainsd early ég;:ie‘;:awi:ag of
suckers in shoot apex isolates of banana vericty ‘Holenw

. Jen-chiao® and 'Peiechiad® exposed to gamma rays.

In the present study, on incresgsing the doge of
gamma exposure from 0,50 to 095 kR, the bunch weidht was
decreesed, though the 0.50 and C.75 kR gawng expopures
recorded higher bunch waight then control population. &
similar trend was reported by Husng end Kao (1979)s They
reported hich yield in shoot apex isolates of "Helonejens
chiad' and *‘Pei-chiac' banana varisties cwposed to gama
Tays.

The length of bunch recorded by control population

was lower compared to gevma ray treated makerials, on
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increasing the dose of gamma exposures, & decrease in

bunch length was also observed,

The bunch characters such as nurber of hands per
bunch, mmber of fingers per hand and bunch in the control
population recorded a lower value compared to troated.
materials, ﬁh@n~tﬁa éaseréﬁ gémma,expcsure was,iﬂcxgaseﬁ
the number of hends and fingers decreased. The increase
in mumber of hands and number of fingers compsred o
oontgrol noted in the present investigation was in conformity
with the findings of De Guzman gt al. (1980). 1In the benana
variety 'Bungulan® she found that sheot tip explants
derived from gemma irradiation wore similsr to or scmetimes
hetter than eéntgai population with respect to mumber of
hands per bunch and fingers per bunch.

- The 0.50 kR and 0+75 kR gomma exposures recorded
higher finger weicht and girth then control population and

£inger weight anﬁ-gixﬁhrwas hicher in the higher dose,

Frult cualisy

Total sugar and sugar : acid ratio incressed from
control to 0.75 ¥R, 755 and scidity decydased from control
o 575 kR,
Chlorophyll deficient plants

In the present investigation chlorophyll deficiency
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wag noticed aﬁ hicher dosas Of gamng ray.
due to chlorophyll disorgenisation, Silayod st al. (1985}
- obgtained plants showing chlorosis and necrosis %y ganna

Xposures, prebably

irra&%a&ian of shoot tip segnents aﬁ banana ﬁlc;aa

*Xlual Hom Thong' (Aan), Espino gk al. (1965) m@mﬁ

chlorophyll stresking in Philippine frult crops by gomma
irradiation of shoot tispuas, seedlings and glam;ia;z;a@ |

biavpm&mgwal vamatims

| st;em cliahﬁztmy waq nbsawad in the irradia{:&m’i
pﬁgu&a&im of ammm@m culture (Maﬁa iﬁ. As a result
of &ichatw mifumatian of organ ccoursy This results
from the desth of ﬁm agsmal c:al:&a in irvadiated materisls
and z:egeneratian of two apices: Huang and Rao (1979)
(mmmeci ﬁaa&rl:g double suckering iihr ghoot spex méiaws of
‘Hsienwjen~chise’ and YPeiechiso® exposed €0 gamma rays.
They alsc found leaves with red mid-ribs also., Anthocysmin
yimnﬁatim for the peticle was found in the present study
(Plate 12}. ‘

aumina ek 8Ly (398:&) cbtained a sangga eai: cxslm
and mmhemgiml traite in buds of potato cmtivw, | |
Desiree by gamma irradistion. In *Eaag&lem‘ vari@w of -
henana, sevaml mxrphc:wg;mal ‘aberrations were reported
by De Guzman at ,,__%; {1980} in the shootetip ewplants with
1.0 kR .ifraﬁigﬁmm | ‘

A
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The present imvestigation was carried ouwt in the
apbmant of Agriculitural Botany, f:f:lleggé of Agrieuliure,
tayani during 1985-'88 and in the plant tisswe culture
sratory attached ‘to the Department of Plantation Urops,
lepe of Forticulture, Vellanikkara, Thrissur during
B 00, The project was taken up to standardise the
hnigques for indused mutagenesls in~vive and in-vitro
nca L) var. Nendran and also %9

6‘3@::) ganma rays on grovth and

bemana (Musa peradisi

SRRSO

;.ysm the direct offect of
ip:h characters in the vil, generati on and variations

lataz% in productive traits in ths xﬁéﬁg and VMB generations,
‘, 92 mnd three months old suckers of wvarious sizes
removing 25 o 75 per cent of '-i;’he paendosten) wers

ims;ed 0 140, T3, 2.0, 2.5 and 3.0 kR gamma vays. [Five
kers each were exposed under each treatment per repli-
jon, Ubservatlions on sprouting characters including
yival and biometric observation on various growih

rices vere taken in vil, ” vﬁ%‘ié and iﬁﬁ:{} peneratisnse
orophyll deficisnt pxl%m and morphslogieal variants

é alss seored in the vil, genoration, The fruit quality
ilffssiss was also carried out in all the thres gencralions.
in in~vifrs mutegenesis isolated ahoot tips vere

noed o 050, 075 1,00, 1.25 and 1,50 kit gompa rays.

|
[
i
1
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Exwvitro analysis of £ive plants per troatment per eNROSUre

was done in the vﬁi gemnerstion for verious growth, @unah

and fruit characters. The data wmr@ analy&aé st&ti@ti@alxy

and the direct effect of aifger@nt ex@odur@s of gamna ray
on various izas cf auﬁ?ﬁrs an@er aifﬁar@nt maharxty was

anseagad,

The gamma ra& e&pm@urws ahswa& a wignifiaéﬁt‘é@lay
in qﬁr@uting in all the three eys grcuya. Th@ ﬁelay in
sprouting was ﬁ@una to increasa wiﬁh iﬁC§@aﬁﬁ in levels of
genmna ray oxposuras. ereagacﬁiV@ of the ama@ oE gudkers,
the mean percentage aprauting and the swvivel percentage
in 81l the exposures were found to decrease with increase
in the dose of gamma rays. A decrease was noticed in mean
p&émﬁ helght, nunber of l@aves and girth of pezevdoatem,

80 daya aftar planting ané,at harvast with ineraaszng é@me
af g&mma xa;a im al? t,ha ﬁifx@rana aga groups and Si&@% of
sutkars in Vﬁi g@n@rati@n; with the iﬁ&kﬁa3®n$ﬂ'ﬁh@ dose
days ﬁak@n to shooting, from shooting to harvest and total
duration increased in all the ﬁiéﬁar&ﬁﬁ pizes of suckers
exposed £O gamma rays. xgaxeasing the dose @f gamﬁa,ax§$~
pure gresulted in decresse in bunch weight, bunch length
and number of hands per bunch. ‘ﬁum'¢£<eﬁ fingers per bunch
and fingers per hand, length, girth and weight of iingar '

also decreased with indreasing the dose of gamma OXpOSUres



Fruit quality analysis showed thaet total soluble
solids aﬁd'aﬁiﬁity deareased with increase in dose of
gaMa ray SxXDpOSsSures in”vﬁia
aagar': acid tatio'imcraas@d with iﬁcrﬁasing dose of the

»Tetal'sugar content and

mutagern.

aql@rapnyll dafica&nt plants obs@rve% nclude
striate and chiorina types; In highﬁr ﬁ@%@s expmaures éﬁ
gamma rays, chlorophyll deficientg paééhms were cheserved
in leavas, vaf¢at10ﬁu in msrﬁhal@gical tralte on leaves,

at@m and p@tx@l@ wmre ala@ cbhsarved in vﬁl g@nexaﬁ“@n.

Induced pslyg@nie variaﬁimn in the vmz and vﬁs
generations were‘analyaa&_wn-banana,fom vaﬂi@ua growth
paramat@rs including yi@ld'an& other yield attributes.
camna raés at,highér exposures reduced ﬁlant haight; numboy
of leavas, girth of pseudostem and delayed hervest inc.'
Bunch waight, bunch length, numbar of hands per bunch,
riumber of fingers per bunch and hand and length, gixth,
weighit of finger, total soluble solids and acidity aleo
showsd a negative ghift in mean values. Total sugars and
sugar ¢ acid ratio increased with increase in dose of gamma
Fay exposures.

On Comparative snelysis of the modifications of

4S5 mediuw tried, viz., Bower and Fraser (39823, Swamy 2% al.

{1983) (semi solid media) and Krikorian and Cronauer {1984)
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(liquid medium), it was seen that the mediun described by
Krikorizm and Cronauer gave a better growth and early

tissue differentiation in shoot tip eulture of banana, .

In ex=-vitro analysis plant height and number of
leaves 90 days after planting and at harvest, were highest
in control population, On increasing the dose of gamma
ray exposures plant height and number of leaves decreased.
The girth of pseudosten S0 days after planting and at
harvest was lowest in control population and it inecreased
as the dose of gamma ray exposure was increased. The days
taken to shooting, from shooting to bunch maturity and
total duration decreased when the dose of gamma exXposure
was increased from 0.5 kR to 075 kR, Increasing the dose
of gamma exposure resulted in a decrease in bunich v 4elght,
bunch length, number of hands per bunch, number of Tingers
per hand and bunch, total soluble solids andacidity though
it is higher than control in irradiated population, Weight
and girth of fingeé; total sugar and sugar : acid ratio

increased with increase in dose of gamma @XposSures

The gamma ray exposures showed a signlflaaﬂt delay
in sprouting and this delay was found to increase with
incréase in levels of gamna ray exposures. The meon percenw
tage sprouting, the survival percentage, mean plent helight,

number of leaves, girth of pseudostem 90 days after planting
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and at harvest, bunch weight, bunch length;, ﬁuﬂher of
‘hamﬁsrper bunch, mmber of fingers per hand and bunch,
1éngﬁh, girth and weight of finger, total soluble solids
aﬂ@_acidiﬁy‘deer@aSGﬁ with inérease in dose of gamma ray
exposures in VM? generation. With inerease-iﬁvﬁsge days
taken to shooting, from shooting to harvest, total duration,
total sugar content, sugar acid ratio increased in all the
diff@rent age groups and sizes of suckers @ﬁpas@é o gamma
rays. Chlorophyll defic¢ient plants observed include

striata and chlorina types. Variations on morphological
traits on leaves, stem and petiole were observed in v,
generation, Induced polygenic variations in the v, and
vﬁﬁrgemeratian-reduca@'plant he;gh%, munber of leaves,

girth of pseudostem, bunch welght, buﬁch length, number

of hands per bunch, number of fingers per hand and bunch,
length, girth and weight of finger, total soluble solids aad
acidity showed a negative shift in mean values, Vith
inerease in dose of gamma rays days taken to shooting, from
shooting to5 harvest, total duration, total sugar content

and sugar acid ratic increased in all treatments. On
cam@arative analysis- of the three modifications of ¥S medium
tried, liquid medium deseribed by Krikorian and Cronsuer
(1984) gave a better growth and eérly tissue differsntintion

in shoot=tip culture of banana. In ex~yitrs analysis plant

height, number of leaves, the days taken to shooting, from




shooting to bunch maturity total dﬁm*‘tién,: bunch lensth,
bune?x‘ weight, pumber of }_:émds_ per bunch, number of fingers
per hand and bunich, total ssluble solids andacidity ﬁéareaseﬁ
with increasing 6ase of gamma rays. Girth of pseudostem

90 daﬁs after planting andat harvest, fimer weight, finger

’girth, total sugar anﬁ sugar acid ratio incma&eé with

incresse in dma of gamma my ex;aamwes«
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ABSTRACT

“The present investigation was cagried out in the
Departnont éﬁ Agricultural Botany, E‘Safiﬁ:&ég& of Agriculture,
Vellavani during 1985«'38 and in the plant tiasus culbure
Laboratory atbached o the Department of Plantation Crops,
College of Hopbiculture, ?‘ellaﬂi};ﬁiﬁam, Thrissur during
10686183, 'The project was taken up ﬁa' standardize the
techniques £or lnduced mutagenesis in-vive and ins
in banana (Musa ;
analyse the dirvect effect aﬁ‘
and bunch characters in the V¥, generation and variations

paradicisca L.} var, nendran and also to
mﬁo

gamna rays on grovwth

created in productive traits In the vil, and vﬁﬁ genera=
tions. Ungs two ond thrée months old suckers of various
sizes (after removal of 25 to 75 per cent of the psevdosten)
were exposed to 1;@, 1;.:, 2.;6. 2.5 and 3,0 kR gonma rayss
For inevibrs
10 D650 0475; ° .MB, 1;25 and 150 KR gomna rays. Sxeuiirs
anplysis of five plants per treatment per exposure was :
done in the vily genoration for varisus growth, tunch and
fruit characters. .

mat%meﬁi% isolated shoot tips were oxposed

The gamma vey exposures choved & significant delay
in gprouting in all the three age groups. The delsy in
sprouting was found to increase with increase "iﬁ_iﬁvﬁis

of gomme m? ekposures. Lrrespective of the sise of



suckers, . the mean percentage sprouting and the survival
percentage dn all the exposures were found to decresss
with increase in the dose of gamma rayvs.. A @@@r&aéﬁ-W$ﬁ
noticed in msaﬁ»pian&“hﬁightg,number“@ﬁ &ea?és end girth
of pseudosten, 90 days afieyr planting and abt harvest with
increasing doses of gamma rays dn all the differont age
groups and aizam»@§ suckers in v wge;ﬁamiiam,;ﬁith
increase in the lrradiastion dose, days taken to shooting,.
ﬁrﬁm'shémﬁiﬁg o harvest and total duration incressed in

2ll the different sizes of suckers exposed to g&ﬁm& Tayss

Incréasing the dose of gamma exposure regulted in decrease.

-y

in bunch waicht, bunch length and nurber of hands per
bunche. Nunber of fingers per hend end per bunch and
length, girth and woldcht of finger also decreased with

incresse in the doge of gama irrediation.,

Fruit quality onelysis showed that total soluble
solids and gscddity devressed with incresse in dose of
gamma ray exposures iﬁfvﬁi@ “T&Egl suger content and
sugaryz sid ratio iﬂ@ﬁ@&gﬁﬁ with iﬂ@#@&éﬁﬁg’éﬂ%@vaﬁ the
mutacsn. |

Chlorophyll deficient @1ant$‘an& mﬁ:ﬁh&l@gﬁé@&
variantg of legves, stem and peticle were alao observed

in vmi generaticha.



o

AN

-In waz and V?flg. gencration genma rays at higher ,n .
exposures reduced plant heicht, number of leaves, girth
of pseudostem and deleyed hervesting, Bunch snd frult
charatters showsd a negative shift in moan valyes. Total AN
sugars and sugar : acid ratio inéreesed with increase in

dose of gumna ray expdsuress

On comparative analysis of the medificstions of
é}zﬁ%‘ medium tried, vig., BDowsr end Fraser (1982), Swany gt ak.
(19683) (seni solid medis) and Krikorian and Cronaver {1984)
{liquid medium), it was seen that the mediun described by
Krikorian ang Sronsusy gaiva a botter growth and early %:&ésae

aifferentiation in shoot tip culture of banana.

in %«:ﬂm analysis, plent m:s.gm and mamber of _ /
leaves 90 daye after ‘:;*lénmggl and at harvest were hichost
in control populations im‘:&aﬁiﬁg ti*w dogde of gamma
ray exposures plent heicht snd number of leaves decreaseds
The girth of pseudostem 80 days after planting and at
harvest was lowsst in control population and it increased
as the dose of calmia roy exposure was increased, The days
taken to shooting, fron aﬁwmng to bungh maﬁw.%:ﬁg and
total duration decpmesed when the dose Of ganma exposSUre was
inoreased from 0.% kit and 0475 kR« Incressing the dose
Of gamma WSW resulted in a decrease in bunch waight,
bunch length, numbay of hands per bunch, numbsr of £ingers



per hand and bunch, total soluble solids end acidity . ' .
theugh it A8 hicgher ﬁhari control in irradiated populstion. g
Weicht and girth of fiﬁge&g;t@ﬁ@lléuga@i§gé sugar & acid .

ratio dncreased with increase in doge of guma eXpOSUres,

To sum up, induced muthtions, ih banana vardety
' Nendran® mve&léé% that gawna i@aﬁi&ﬁi@m can eroste
variants with dwerf stature snd altered bunch and €rult
charzscters. A positive sslection response was rioticed in
the leter generations and helped to isolate @ﬁt Swaré
plents with hich yislding ability. A medium for ghootstip
m&m»% of nendran imriety‘ of Earaémz was standardised for
adopting ;ﬁmm m&%eg@msm; : i‘m : @ﬁwm plants wera

also analysed for various growth, bunch and frult charscters.
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